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Typetwo diabetesmellitus (T2DM)is a global public health challenge,yet the sociceconomic
factorsthat contribute to this remainlargelyunexplored.Thishigh burdenof T2DMhasprofound
economicand societalimpact, particularlyin the Gulf CooperationCouncilGCCgountries,where
the oil-boom in the ArabicGulfregionhasled to unprecedentedgrowth and urbanisation.Saudi
Arabiastandsout asone of the countrieswith the highestprevalenceof T2DMworldwide. Rapid
socieeconomicdevelopmentin the Kingdomhasresultedin lifestyle chargesand concomitant
changesn non-communicablediseaseepidemiology.Despitethis, there are few national studies
exploringthe relationshipbetweensociceconomicfactorsand T2DMin SaudiArabia.In this thesis
| addresghis deficit by investigatingthe associatiorbetweeneducationlevelandthe prevalence,
diagnosisand control of T2DMin SaudiArabia.l exploreand evaluatethe impactof demography
and geographicallocation together with sociceconomic, lifestyle, healthcare accessand
behaviourafactorssuchasselfcareon T2DMoutcomes.

| first explorethe associatiorbetweeneducationleveland T2DMprevalencein SaudiArabiaand
showaninverseassociationTheprevalenceof T2DMis elevatedamonggroupswith low education
level, together with those who are older, obese,and lived in Southernregion. Additionally,the
findingssupport projectionsin whichthe prevalenceof T2DMcontinuesto increaseup to 2030.1
then investigateindividualswith diagnosedr2DMand analysethe associatiorbetween education
level and other risk factors on the diagnosisof T2DM Theseanalysesconfirm that age and low
householdncomeare highlyassociatedvith achievingliagnosiof T2DM Basedn thesefindings,
| then developtwo prediction modelsfor undiagnose diabetesand pre-diabetesby considering
educationlevelandsociceconomidactors.Developmenbf the predictionmodelsestablishedhat
age, administrativeregion, and body massindex are the three main predictors of undiagnosed
diabetes although gerder and hypertension also emerged as predictors for the compound
outcomeof undiagnosedliabetesor pre-diabetes.

In the final analysis| investigatewhether educationlevel is associatedvith achievingcontrol of

diabetesthrough interaction with health-careaccessand selfcarefactors. Administrativeregion,

prescribeddiet andadherenceto medicationemerged askeypredictorsof controlleddiabetes.The

associationwith administrative region reflected differencesin patterns of T2DM management
relatingto medicationandbehaviouraimodificationinterventions My findingsindicatethat T2DM

managemenformsvarybetweenregionsandthat the successf lifestylemanagementpproaches
is influenced by patients' sociceconomic characteristics.The work descibed in this thesis

establisheshat educationlevelis associatedvith the prevalenceof diagnosedlr2DM



However,amongother socioeconomicfactors, administrativeregion standsout as a significant
predictor of diagnosedl 2DM,undiagnosedl 2DMand achievingeffective control of T2DM.These
findings have important implicationsfor primary prevention of T2DMin SaudiArabiathrough
population approachesgspeciallyin poorer or more deprivedgroups.Theyinform strategiesto
improve the early diagnoss of T2DM in such groups and suggestapproachesto gain better
glycaemiccontrol in individualswith diagnoseddisease A combinationof thesetwo approaches
will preventcomplicationsandimprovethe quality of life for patientswith T2DM
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Chapterl LYUGNRRdAzOGAZ2Y

This thesis contributes ta better understanding of the socieconomic, demographic, spatial and
lifestyle patterns underlying the high prevalence, undiagnosed and uncontrolled of T2DM in the

Kingdom of Saudi Arabia.

1.1  Background and rationale

Diabetesmellitus (DM) is one of the most commonchronicdiseasesand its prevalenceis
dramaticallyincreasingworldwide. Globally,43%of all diabetesrelated deathsoccurredin those
under70yearsold andmorethan 1.6 million peopleayeardie from diabetes(WHO,2016).I1n 2012,
diabeteswas the eighth leading causeof death for both sexes.Diabetescomplicationsinclude
blindness,stroke, heart attack, kidney failure, leg amputation and nerve damage(WHQ 1999)
Thesecomplicationgnfluencequality of life andincreasethe likelihood/riskof earlymortality. The
highest proportion of diabetesrelated deaths occurred after the age of 50 in middle-income
countriesand between60 ¢ 69 in highincomecountries(WHQ 2016a) The WHOestimated that
the numberof adultslivingwith diabetesincreasedour-fold from 108 millionin 1980to 422million

in 2014 Some40%o0f thisincreasesthe productof ageingand populationgrowth (WHQ 2014)

Type Il diabetes mellitus (T2DM)and Type | diabetes mellitus (TLDM) are both highly
prevalentin SaudiArabia(AFRubeaan2015).T1DMisaninsulindeficiency whichusuallypresents
earlywith symptomsoccurringbefore 20 yearsof age.lts managementrequiresregularinjections
with insulin (Alberti and Zimmet, 1998) In contrast, T2DM (non-insulindependentdiabetes)is a
metabolicdiseaseaesultingin chronicallyhighblood sugarevels. The WHOreportedthat at 13.7%,
the EasternMediterraneanRegion(EMR)hasthe highestdiabetesprevalenceworldwide (WHQ
2016a) However,these measuresof diabetesprevalenceunderestimatethe scaleof the health
problem presented by the diseaseas population surveysrevealed that much T2DM remains
undiagnosedit hasbeenestimatedthat 24%to 62%of peoplelivingwith diabetesare undiagnosed
and untreated (Jeonand Murray, 2008) In highincome countriesthe proportion of T2DMthat
remains undiagnosedis similarly high at between 30% and 50% (WHQ 2015) The Eastern
Mediterranean region has undergone rapid economic growth and urbanisation leading to
improvementsin educationand health care. Thesepositivedevelopmentshowever,havealsoled
to a shift towards the consumptionof westernstyle fast food and an increasinglysedentary
lifestyle. Thesefactors havefuelled the increasein prevalenceof T2DMand contributed to an

increasein obesityin the region.



Chapter 1

Theprevalenceof obesityin the Middle EastandNorth African(MENA regionis high(Mehio
Sibaiet al., 2010)and over 40%of the Gulf Cooperatbn Counci{GCgcountrieshavehighratesof
obesity, with prevalenceconsistentlyhigher in females(Mehio Sibaiet al., 2010)Somecultural
regionspecificfactorshavefurther exacerbatedhe highlevelsof T2DMin the EMR Thesenclude
high multi-parity, a lack of physicalactivity by femalesand high temperaturesthat discourage
outdoor activity in general The highestprevalenceof physicalinactivity is found in high-income
countrieswhereit istwice that in low-incomecountries. Basedon the WHOTregionalclassification
however, the highestlevelsof physicalinactivity are observedin the EMRfor both adults and
adolescent§WHQ 2016a) Theseconsiderationgoint to the importanceof comprehensivestudies
onthe role of thesefactorsin the prevalenceof T2DMin the GCQegion.In particular,there needs
to be afocuson the extentto which diet and physicalactivity canbe influencedthrough nutrition
education and exerciseprograms, as such interventions could be easily implemented within

regionalculturalnorms(Badranand Laher,2012)

T1DM is less prevalent than type two diabetes, however, like T2DM, its onset is influenced
by multiple genetic and environmental factofRobertson and Ricl2018) Global estimates of
diabetes incidence reveal that T1DM is increasing, particular among younger age groups
(Tuomilehto, 2013)The 8th annual report from the IDF (2017) estimated the number of individuals
aged under 2§ears living with TLDM at over 1.1 milliGhFRubeaan, 2015with 96,000 children
and adolescents under 15 years diagnosed anyuAllSaudi national study covering the period
2001-2007 estimated the prevalence of T1DM at 109.5 per 100,000 among children and
adolescents aged up to 19 years, with children aged between 13 and 16 years showing the highest
prevalence (243 per 100,003+Herbish et al., 2008Another national study, covering the period
2001-2007, estimated the overall prevalence of diabetes among children and adolescents aged up
to 18 years at 10.84%, made up of 0.45% with TI1DM and 10.39% with (F2BNbeaan, 2015A
national diabetes prevalence study conducted byRAbeaan estimated the prevalence among
Saudi individuals aged 30 years and above at 25.4%, with pregas@n cantly higher among
males than females (29.1% vs. 21.9%). This study also provided usefgixageevalence data as
follows (age group | Male, Female): (BB9 | 15.1%, 9.2%) , (4049 | 27.8%, 21.0%) , (5059 |
44.5%, 36.3%) , (6069 | 49.8%, 43.6%) , ( 70+ | 45.8% , 40.3%)RAbeaan, 2015).

Overall, however, data on the incidence and prevalence of TIDM in SA is limited, with few published
reviews on diabetes epidemiology. Likewise, there are very few official Saudi surveys on T1DM
(Abdulaziz Al Dawish et al., 2016:Hdrbish et al., 2008) decided, therefore, that | would restrict

the cope of my thesis to an analysis of the prevalence and diagnosis of T2DM, reaching a better
understanding of risk factors for the disease, and combining these to gain insights into better ways

to control this epidemic in the Kingdom.



Chapter 1

In 2010,the SaudiBurden of Diseasaeport showedthat diabeteswasrankedthird in a list
of the mostimportant riskfactors for disabilityadjustedlife years(DALY$)with anincreaseof 8%
in the proportion of yearsof lost to disability(YLDsYlue to diabetes(EIBcheraouiet al.,2014) As
aresult,the Saudigovernment togetherwith the Ministry of Health(MOH) havemadeextensive
efforts to reducethe prevalenceof T2DMandits riskfactors. Thesencludeseveralpreventionand
intervention programmes alongside increased health education to raise awarenessof the
importanceof adoptinga healthylifestyle Theseinitiatives however,are hamperedby our lackof
understandingdf how social,economicandculturalchangesnteractto increasethe riskof T2DM
Todate, there havebeenlimited studiesof T2DMin relationto socialdeterminantsin SaudiArabia
and the GCCregion Although Europeanand other Western countries have carried out much
researchinto the socialdeterminantsof T2DM,mostdevelopingnationsareat anearlystagein this
field, largely due to the complexity of measuringsocioeconomicstatus and inequality factors
relatedto T2DM.It isevenquestionablewhetherthesecharacteristiceanbe investigatedn some

developingcountries.

1.2  Contribution to knowledge

To date, most researchinto the prevalenceof T2DMin SaudiArabiahas only evaluated
demographicand lifestyle factors (AFRasheedi,2015) Therefore, the first analytical study,
presentedin Chapter5, investigateshe associatiorbetweeneducationleveland T2DMprevalence
in SaudiArabia.In this analysis, | adopt an approachsimilarto two establishedframeworks- the
& a 2 Oeteknfinantsof K S | f(Nakmot and Health, 2007) and the & & 2 @adelbf K S | f
(Dahlgren and Whitehead,1991)asthe bestexamplesof approachego mappingrisk factorsthat
includesocioeconomicstatus.l usethis modelto forecastfuture trends of diabetesprevalencen
SaudiArabia.Thischaptertherefore addresses significantresearchgap,enrichingandimproving
our knowledgeregardingthe relationshipbetween socioeconomicfactorsand diabetesin Saudi
Arabia.lt will contributeto the developmentof policiesandinform interventionprogramstargeted
at individualswho are more likelyto developdiabetes.In the secondanalyticalstudy, presentedin
Chapters6 and 7 of this thesis | investigatethe associationbetween educationlevel and the

diagnosiof T2DManddeveloparisk scoremodelfor undiagnosedr2DM.

0Ké
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Giventhe increasingimpact of T2DMon healthcarespendingand individual well-being
discussedn the previoussection,this secondanalysisis alignedwith the SaudiVisiongoal of
improving the quality of life for all Saudicitizens.In the first part of this chapter, | analyse
differencesbetweendiagnosedand undiagnosediiabetesin terms of their relationshipto socio
economicand health care accesdactors. | build on these findingsto develop a risk model for
undiagnosedliabetescasedasedon thosesocioeconomicfactorsin the GCQGegionidentified as

importantin the previouschapter.

Althoughasimplediabetesrisk scoremodelfor the regionhasbeenalreadybeendeveloped
(AFLawatiand Tuomilehto,2007) this model did not include a considerationof sociceconomic
characteristicand wasconfinedto Oman.In contrast,the model | developusesdata from Saudi
Arabiato develop a predictive model for T2DM and gives a likelihood score basedon socic
economidactorsaswell asother knownriskfactors(e.g.age,weightetc.). Theseresultswill further
inform the current diabetespreventionprogramin SaudiArabiaby better identifying high priority
socioceconomt groups thereby increasingthe efficiency of screeningand early intervention
programs. This aim is closely aligned with the goals of The DiabetesPreventionand Control
programmein SaudiArabia.Thesehighlightthe needto developguidelinesfor diabetes screening
and decreasethe incidenceof new cases Althoughexistingrisk scoremodelsin the regionhave
beeninternallyvalidated,recentresearchhasnot beenableto validatesuchmodelsusingdatasets
from outsidethe GCGegion.Forthe purposesof this chapter,therefore, | usedinternal validation

approachedasedon bootstrappingto validatemy Saudidiabetesrisk scoremodel.

Inthe final analyticalchapterof this thesis,Chapter8, | investigatethe relationshipbetween
educationlevelandthe control of diabetes.Throughthis analysis] attemptedto understandhow
sociaeconomic,demographicand behaviouralfactors operate at the level of the individualwith
conformed diabetes to affect outcomes. These findings will contribute to Saudi diabetes
managementprogrammesin particular, as considerationof sociceconomicand behavioural
factors in diabetesintervention programmescould help health care providers.Not only would
definingthe relationshipbetweencontrolledof diabetesandthesefactorsinfluenceanA Y RA @A Rdzl f Q&
diabetesstatus,but it would alsohelpreducethe riskof diabetescomplicationsandearlymortality.

The three analyticalstrandsdescribedabove therefore make an important contribution to the
designof effective diabetes prevention programmesand wider public health policiesin Saudi

Arabia.
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1.3 Aims of the thesis

Theoverarchingaim of this thesisis to study T2DMwithin SaudiArabia,primarily focusing
on sociceconomicfactorsthat influencediseasesusceptibilityand outcomes Thefirst aimis to
studythree different outcomesrelatedto T2DM Thefirst of theserelatesto T2DMsusceptibility
andthe factorsinfluencingwhy anindividualhasdiabetes.Thesecondoutcomeaddressegactors
influencingan individual'sknowledgeof their T2DM,focusingon why peopleare aware or not of
their diabetesstates.Thefinal outcomerelatesto factorsthat predict successfumanagemenif
T2DMin anindividual Thesecondaimisto predictfuture trendsin T2DMprevalenceandidentify
the key factorsthat shouldbe targetedto reducethe high burdenof T2DMin the Kingdom.The
third aim is to develop a diabetesrisk score model, includinga sociceconomicdimension,to
identify individualswho are at risk of havingthe disease The final aim is to identify different
patterns of diabetesmanagementin the Kingdombasedon mediction and behaviourallifestyle

factors.

1.4  Research questions

The proposedstudy will addressthe following researchquestionswithin the Saudipopulationin

four analyticalchapters:

1. What is the association between so@oonomic factors and the prevalence, diagnosis, and

control of T2DM? How are these associations affected by controlling for other factors
including demographic, administrative regi@ociceconomig lifestyle, healthcare access

and selfcare factors?

Wha is the association between education level and the prevalence of T2DM? More
specifically, is this association modifieddsndef? How are such associations affected by

controlling for demographic, administrative regi@ociceconomicand lifestyle factes?

What is the association between education level and diagnosed diabetes? Is this association
affected by interaction between education level and gender? More specifically, does this
relationship persist after controlling for demographic, regionsddo-economic, and

healthcare access factors?
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4. Which socieeconomic factors should be included in a prediction madeield a risk score
to identify individuals who are at risk of having undiagnosecpreT2DM? Dosocio
economicand health care factors contribute to moddiar prediction of undiagnosed
diabetes and highisk of diabetes in the whole populatigexcludinghose with diagnosed
diabeteg?

5. What factors relate to effective control of diabetes in individuals, with specific focus on
educational level? How do demographic, administrative region, health care access, self

care, and othesociceconomicfactors rdated to controlled diabetes?

1.5 Structure of this thesis

Thisthesiscontainsnine chapters.Thecurrentchapterreviewsthe backgroundo the researchand
rationalefor the study,discussesiow | expectit to contributeto our knowledge detailsthe specific
aimsof the studyandthe researchquestionsaddressedChapter2 surveys the burdenpresented
by diabetesby reviewingT2DMprevalenceat variouslevelsincludingglobal regionalg i.e.the EMR
MENA and GCCregions - and specificdly SaudiArabian estimates In it, | highlight different
definitions of diabetes their correspondingdiagnosticcriteria and review risk factors associated
with the three T2DMoutcomes(overall prevalence diagnoseddiseaseand controlled diabetes).
ThechaptersummarisesSaudistudiesthat haveinvestigatedhe prevalenceof diabetesandits risk
factors. | concludethe chapter by presentinga conceptualframework for understandingthe
relationship between the three main diabetes outcomesand their associatedrisk factors. In
Chapter3, | discussthe SaudiArabiancontextto provide backgroundinformation. It highlights
sodo-economicand behaviouralpatterns such as educationalattainment, lifestyle factors, and
environmentalfactors. Finally,l review health care servicesin SaudiArabiaand concludewith a

discussiorof Saudipolicyregardingthe prevention,screeningand managemeniT2DM.
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Chapter4 providesdetails of the SaudiHealth Interview Survey(SHIS)the main datasetused
throughout this thesis. In it, | outline the surveyflows, design,and questions,and discussthe
implicationsof the study designand its limitations. Other aggregatedatasets from the United
Nations(UN)andthe GeneralAuthority of Statistic§ GASTATgre alsopresentedin this chapter.|
concludewith a descriptionof the statisticalmethods and data analysisusedto addresseach
researchguestion;however,somedetaileddiscussiorof statisticalmethodsis deferredto the most

relevantanalyticalchapter.

The first analysisis presentedin Chapter5. Here | assesghe implicationsof weighting
estimatesand generatethe HbAlcweight. | then assesghe assaiation betweeneducationlevel
and T2DMin the KSAby applyingbinary logisticregressioncontrolling for demographicfactors,
administrativeregion,and other sociceconomicand lifestylefactors.Finally,| use UN projections
and cohort componentprojectionsto project T2DMprevalencein SaudiArabia Buildingon the
findings from the previouschapter, Chapter6 presentsthe secondanalysis,in which | aim to
investigatethe associatiorbetweeneducationallevel and diagnosedT2DM. Thisanalysisapplied
nested binary logistic regressionto investigatethe relationship,controlling for sociceconomic

demographicandhealthcareaccesdactors.

In Chapter7, | describethe developmentof arisk predictionmodelfor undiagnosedr2DM
and pre-diabetes. Binary logistic regressionwas used for model developmentand | applied a
bootstrappingmethodfor modelvalidation. Themodelswere evaluatedon the basisof sensitivity,
specificity,Areaunder the Curve(ROChnd the HosmerLemeshowChisquare test. Chapter8 is
the final analyticalchapter, and investigatesfactors influencinghow well diagnosedindividuals
control their blood sugarlevel (i.e. achieveglycaemiccontrol), with a particular focus on the
relationshipbetweencontrol of diabees and educationlevel. | appliedlogisticregressiormodels
to investigatethe associationbetween controlled diabetesand education level, adjusting for
demographic,administrativeregion, sociceconomi¢ healthcareaccessand selfcare behaviour
factors. | go on to investigatethe relationshipbetween medicationmanagementstrategiesand
control of diabetesand then examinehow these strategiesrelate to the administrativeregion. |
concludewith an analysisof the interaction betweenthe effectivenessof different behavioural

interventions- suchasdiet and exerciseprogrammes andsociceconomicfactors

In Chapter 9 summarisehe mainresults of this thesis based on the resydtesented in the
four analyticalChaptes (5, 6, 7 and &nddiscuss the strengths and limitations of my appradch
assesghe possible impact of my findings and propose a number of recommendations for policy
interventions aimed to reduce the risk of T2DM and its complications in Saudi Arabiaclude

with suggestions for follovon studies and prospects for future research into T2DM in Saudi Arabia.
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2.1 Introduction

In this chapter, | reviewthe evidencesupportingthe associatiorbetween sociceconanic factors
and T2DM. In Section2.2, | summarisethe definitions of and diagnosticcriteria for diabetes,
followed by a review of the current burden and future trends for T2DMboth globallyandin the
EMR/GC@egionsin sections2.3 and 2.4. Section2.5 is a summaryof diabetesstudiescarriedout
in SaudiArabia.ln Section2.6, | briefly overviewthe definitions and theoriesthat underpinthe
SocialDeterminantsof Healthand presenta frameworkfor better understandingthe interaction
between T2DMand sociceconomicfactors.| first presentthe strategyfor identifyingappropriate
reviewsand articlesthat addressmy researchquestions.| follow this sectionwith a consideration
of how demographicgenetig lifestyleandbehavioura) sociceconomic andenvironmentalffactors
alsoaffect T2DMoutcomes.| then considerthe risk factorsfor T2DMand discusghe association
between T2DMand socieeconomicfactorsin more detail. | summarisefindingson how socio
economidactorsaffect T2DMoutcomesin countrieswith differentincomelevels. Thechapterends

in Section2.8, with a descriptionof the thesisframework.

2.2  Definitions of diabetes mellitusand diagnostic criteria

Diabetesmellitusis a commonchronicdiseaseresultingfrom aninability either of the pancreago
produce insulin or effector organsto respondto insulin. Left untreated, the condition causes
symptomsin multiple organ systems(Alberti and Zimmet, 1998) In 1999, the WHO defined
diabetes mellitus as & I metabolic disorder of multiple aetiology characterisedby chronic
hyperglycaemiawith disturbancesof carbohydrate,fat and protein metabolismresulting from
defectsin insulinsecretion,insulinaction,or 6 2 G(WIH0,1999p.1). Diabetesoften presentswith
symptomssuchasthirst, weight lossand blurring of vision. Thelong-term effects of diabetescan
be severe,includng amputation of limbs, blindnessand developmentof nervoussystemspecific
complicationssuchasneuropathyandretinopathy (WHQ 1999) Complicationsre largelydueto
accelerationof vasculardiseaseprocessegshat increasethe risk of coronary heart disease(CHD),

heart attack,strokeand chronickidneydiseasgWHQ 1999)
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Diabetesmellitusis dividedinto three maintypes:type | diabetes(T1DM) type Il diabetes
(T2DM) and gestational diabetes, however there are other rarer forms of diabetes such as
malnutrition-related diabetes.As mentioned in Chapterl, T2DMis much more common than
T1DM,typicallypresentslater andits incidenceincreaseswvith advancingage(Albertiand Zimmet,
1998) Oftendrivenby obesityor metabolicderangementeadingto insulinresistanceit isinitially

asymptomatic.

T2DMcanbe diagnosedpportunisticallyfrom routine blood testing, by formal screening
or at a later stagewhen presentedwith complications.If poorly controlled, T2DMcan lead to
episodesof hyperglycaend (excessivelhighBG:bloodglucoser hypoglycaena (excessiveljow
BG). Hypoglycaemiacan lead to coma; prolonged hyperglycaemideadsto vasculardamage.
Gestationaldiabetes(GD)refersto high blood glucoseor hyperglycaemidirst diagnosedduring
pregnancytogether with its impact on the pregnantwomen and the infant (AmericanDiabetes,
2014) In addition to these three clinically important types of diabetes, there is increasing
awarenesf pre-diabeticor intermediate statesof diabetescharacterisedby Impaired Glucose
Tolerancg(IGT)andImpaired FastingGlycaemigIFG) Suchindividualshavea highriskof goingon
to develop T2DM (Aberti and Zimmet, 1998, WHQ 2006a) Here, | focuson T2DMand its risk

factors.

Themostwidelyusedcriteriafor diagnosi©f T2DMare:fastingplasmaglucosg FPG)126
mg/dLor 2-h plasmaglucosex200mg/dLduringanoral glucoseolerancetest (Sacks2011) Table
2.1 summariseghe evolution of diagnosticcriteria defined by the WHOand AmericanDiabetes
Association(WHQ 2006a) The WHO first published diagnostic criteria for diabetes and its
classificatiorin 1965.Thesewere revisedseveratimesbasedon fastingblood glucosdeveland/or
oral glucosetolerancetest results The purposeof the Oral GlucoseToleranceTest(OGTT)s to
a S @ theHffidiéhcyof the bodyto metaboliseglucoseandfor manyyearshasbeenusedasthe
goldstandardfor diagnosiof R A I 6 SThe®VEI@rEé2006recommendedhat the OGTBhouldbe
retainedasthe primary diagnostictest for IGTand diabetes asseveralstudiesfound that the FPG

diagnosigriteriais lesssensitiveandfailsto detect30%diabetescaseWHQ 2006a)

10
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More recently,the WHOhasconsideredhe levelof glycatedhaemoglobinOo 6 both as
adiagnostidest for diabetesandasa screeningool for highriskindividuals(\WHQ 2011) Glycated
haemoglobin reflectsthe averaged t f I Baf YdzO éodic8ndrationover the previouss-12 weeks.
Areviewof the evidenceby the World HealthOrganisationWHQ 2011)led them to concludethat
the 'O® 6 test approacheghe sensitivityand specificityof OGTTand FPGmethods.However the
"O® dtest hasadvantagesn that it canbe performed at any time without the requirement for
fastingovernightbefore the test (Table2.2). My literature searchstrategyuseda combinationof

words,phrasesandsearchtermsrelevantto riskfactorsand diabetesoutcomes.

Keywordsrelatingto risk factorswere: 6Socieeconomicstatus,educationallevel,income
status,employmentstatus,gender,marital status,sex/genderage,ethnicity, socialand economic
factors,riskfactors,residenceplace,region,hypertension smoking physicahctivity, family history
of diabetes healthcareaccesdactors,selfcarefactors,obesity,publichealth,global, EMR MENA,
Gulf CooperationCouncil(GCC)SaudiArabia,high-middle-low incomecountries,and developed
developingO 2 dzy (i Ths&were doupledwith the following diabetesoutcome related terms:
Hyperglycaemiahigh blood sugar, blood glucose, selfreported diabetes, develop diabetes,
measured diabetes, prevalenceof diabetes, diagnoseddiabetes, controlled diabetes, type I
diabetes diabetestype two, undiagnosedliabetes pre-diabetes My searchstrategywasprimarily
carried out on the following databasesMedline, POPLINE]STORGoogleScholarand Science
Direct. My goalwasto identify referencesto associatiorbetweenthe prevalence diagnosisand
control of three T2DM outcomesand sociceconomicfactors in published studies. While the
emphasisvason studiesin SaudiArabia,l alsowantedto find comparablestudiesacrossa range

of other countriesrepresentinga rangeof incomeanddevelopmentlievels.
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Table2.1 Summary of diagnostic criteria for diabetes and intermediate hyperglycaemia based on the WHO anc

(WHQ 2006a, American Diabetes, 2014)
WHO 1965 WHO 1980 WHO 1985 WHO 1999 ADA 2003 WHO 2011
Normal Fasting Not specified Not defined Not defined < 6.1 mmol/l
glucose 06 6 can be used
_ as diagnostic test
2 h glucose* < 6.1 mmol/l Not specified but for diabetes with a
< 7.8 mmol/l recommended
implied value of 6.5% as
Diabetes Fasting Not specified %8.0 mmol/l %7.8 mmol/l 7.0 mmol/l X T én the cut point for
glucose And/or or or or diagnosing
diabetes.
2 h glucose 7.2 mmol/l »%11.0 mmol/l %11.0 mmol/l »11.1 mmol/l X MM®Pn
IGT Fasting Referred to as < 8.0 mmol/l < 7.8 mmoll/l < 7.0 mmol/l Not required
glucose borderline state and and and
2 hglucose | 6.1¢ 7.1 mmoll/l %8.0 mmol/l 7.8 mmol/l 7.8 mmoll/l X T Oy
And <11.0 and<11.1 and<11.1 and<11.1
mmol/l mmol/l mmol/l mmol/l
IFG Fasting Not defined Not defined Not defined %6.1 mmol/l 5.61t06.9
glucose and< 7.0 mmol/l mmol/l
2 h glucose and<7.8 mmol/l | Measurement
(if measured) not
recommended
(but if
measured
should be
<11.1 mmol/l)
Fasting blood glucose; *OGTThdurs after ingestion of 75g oral glucose load

12
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Glucose measurement

Advantages

Disadvantages

Fasting Plasma Glucose (FPG) | 1 Glucose assay easily automated 1 Patient must fask8 hours
1 Widely available 1 Large biological variability
1 Inexpensive 1 Sample not stable
1 Single sample 1 Numerous factors alteglucose concentration as stress or illness.
1 Concentration varies with source of the sample (venous, capillary, |
arterial blood)
1 Concentration in whole blood is different from that in plasma
1 FPG less tightly linked to diabetes complication than (Alc)
1 Refkcts a single point in time glucose homeostasis
Oral Glucose Tolerance Test (OGT { Sensitive indicator of risk of developing diabetes 1 Lacks reproducibility
1 Early marker of impaired glucose homeostasis 1 Extensive patient preparation
1 Timeconsuming and incorenient for patients
1 Expensive
1 Influenced by numerous medications
1 Subject to the same limitations as FPG, sample not stable, need to
performed in the morning
Glycated HaemoglobifiQ® 6 ) 1 Subject need not be fasting 1 May be altered by factors other than glucose as ethnicity
1 Sample may be obtained atiyne of the day 1 Maynot beavailable in some laboratories/ areas of the world
1 Very little biological variability 1 Cost
1 Sample stable
1 Not altered by acute factors as exercise, and stress.
1 Reflect longerm blood glucose concentration.
1 Assay standardised across instruments.
91 Accuracy of the test is monitored.
1 Single sampleamely whole blood.
1 Concentration predicts the development of microvascular
complications of diabetes.
I Used to guide treatment

13
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2.3 Global burden of T2DM and future trends

Rapidsocioeconomicdevelopmenthashada keyrole in enhancingh Y R A @Iivésbglprovidiag
better food resources.However,this improved accessto nutrition hasinfluencedeating habits
resultingin a transition to an unhealthydiet. ConsequentlyT2DM is becomingone of the major
public health issuesof the 21% century, with the increasein prevalenceoutstripping previous
estimates(Whitinget al.,2011) Onemeasureof the impactof this epidemtisthat globallyaround
5 million deathscouldbe attributed to diabetesamongthoseaged20 ¢ 99yearsin 2015and2017
(Choet al., 2018,0gurtsovaet al., 2017) representingabout 12.8%of all-causemortality within

this agegroup.

Furthermore,approximately1.8 million or 36.5%o0f these deathswere in those agedunder 60.
Africa had highestproportion of deathsattributed to diabetesin this age group. The absolute
highestnumberof deathsT2DMattributable deathswasin the WesternPacificRegia (1.7 million)
andwaslowestin SouthandCentralAmerica(0.27million). Almostthree quartersof deathsrelated
to diabetes occurredin those aged under 69 years (Ogurtsva et al., 2017) In highrincome
countries the proportion of diabetesdeathsin thoseagedunder60was29.6%jn markedcontrast

to the 72.7%amonglow-incomecountries.

Previousstudiesare in almost complete agreementthat the increasein T2DM prevalencewill
continuein comingyears.TheWHOestimatedthe prevalenceof T2DMfor the 20 ¢ 79 agegroup
couldincreasefrom 5.1%to 6.3%(Sicreeand Shaw,2007) and that globallybetween200 ¢ 300
million peoplemaybe diagnosedvith T2DMoverthe nexttenyears(Kinget al.,1998) Thesamatch
estimatesfrom the InternationalDiabetesFederation(IDF)that the prevalenceof T2DMin adults
will increasefrom 194 million in 2003to 333 million by 2025(Sicreeet al., 2003) Kinget al. (1998)
investigatedthe prevalenceof T2DMgloballyamongthoseaged20 andover at three time points:
1995,2000,and 2025.Theyestimatedthat the prevalencewould increasefrom 4.0%in 1995 (135
million), to 5.4%in 2025(300million).
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Recentstudieshave extendedthese projectionsto 2030 A report by Wild et al. (2004b)
projectedthat T2DMprevalencewould increasefrom 2.8%in 2000 (171 million) to 4.4%in 2030
(366 million). However,Shawet al. (2010)examinedthe period 2010¢ 2030and estimateda rise
from 285 million (6.4%)in 2010to 439 million (7.7%)in 2030.A more recent projectionfrom the
IDFisthat the diabeticpopulationwill increaseby about51%between2011and2030,from 366to
552 million (Whiting et al., 2011) Theseestimatesin the prevalenceof diabetesare in broad
agreementwherethere are differences thesecanbe explainedby the diversityof datasetsused,
the methodsusedfor projedions andthe agegroupsexamined Forexample Wild and Ogurtsova
built their model basedon extrapolationfrom similar countriesusing United Nations population
estimatesdue to a lack of data on prevalenceby genderand age. Estimatesof prevalencein the
report by Shawwere on individualsaged20-79 and usedvaryingdiagnosticcriteria, suchasWHO
or ADA definitions, relying on selfreported or registry data for unavailable blood glucose
measurementsThestudiesby King,Whiting and Ogurtsovausedlogisticregressiommodellingto

generateagespecificestimatesfrom the UNpopulationprojections.

A later globalreport estimatedthat the number of peoplewith diabeteswould increase
from 382 million to 592 million between2013and 2035 (Guariguateet al., 2014) TheGuariguata
modelfor adults20 ¢ 79 yearswasbasedon previousestimatesadjustedfor geographygeconomic
development.andethnicity. ThelDFglobalreport by Ogurtsoveet al. (2017)expeced the number
of peopleaffectedby T2DMto rise from 415 million to 642 million between2015and 2040.The
mostrecentglobalreport by Choet al. (2018)estimatedthat 451 million peopleaged18¢ 99years
were affectedby T2DMin 2017, projectinganincreaseo 693millionin 2045.Strikingly thisreport
alsosuggestghat some50%of peoplewith T2DMare undiagnoseda further 374 million people
havelGTand21.3million havegestationaldiabetes.A study by Beagleyet al. (2014)showedthat
estimatingundiagnosedliabetes,both regionallyand globally,is important for developingpolices
to addresghe highprevalenceof diabetes Critically they observedhat the mortality rate issimilar
for diagnosedand undiagnosedDM. Espeltet al. (2011)drew attention to the very significant
proportion of DM that is undiagnosedlt has been estimatedthat globally 45.8%o0f the adult
populationhasundiagnosedliabetes(Guariguateet al., 2014) further highlightingthe importance

of estimatingundiagnosedliabetesin drivinghealth policy.
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Moreover, Ogurtsovaestimatedthe prevalenceand number of people with diabetesat
6.7% (318 million) in 2015, risingto 7.8% (481 million) in 2040. The agespecific prevalence
estimatesin the Choreport were generatedusedlogisticregressionfor countrieswith available
data and extrapolationfor countrieswhere suitabledatawasunavailable Estimatesof the glohal
burden of diabetesused publishedstudiesfrom 1990to 2016 and took accountof age group,
gender,geographicategion,and World Bankreported incomelevels.Table2.3 below showsthe

globalestimatesof currentand projecteddiabetesprevalence.

Tabk 2.3 Summary ofjlobal estimates of diabetes prevalence studies

Study Diabetes diagnostic criteria Age groups in Global estimates
years

Years Estimate
King et al. (1998) WHO 1985 20 + 1995 135 million
2025 300 million
Wild et al. (2004a) WHO 1985 All age groups 2000 171 million
2030 366 million
Shaw et al. (2010) WHO 1985, ADA 1997 20-79 2010 285 million
and selfreported 2030 439 million
Whiting et al. (2011) WHO 1985, ADA 19906 6 20¢ 79 2011 336 million
2030 552 million
Guariguata et al. (2014) Selfreported and measured: WHO 20-79 2013 382 million
2035 592 million
Ogurtsova et al. (2017) | Reported and measured: fastitgpod glucoseoral 20-79 2015 415 million
glucose tolerance testglycated haemoglobin 2040 642 million

(HbAlc), selfeport, medical record, random bloo
glucose.
Cho 2018 Reported and measured: fastitgpod glucoseoral 18-99 2017 451 million
glucose tolerance testglycated haemoglobin 2045 693 million
(HbAlc), selfeport, medical record, random bloo
glucose.

Someof thesereports comparedprojectionsfor the numberof peoplelivingwith diabetes
in developedand developingcountries.Thesestudiesshowthat the increasein T2DMprevalence
will disproportionately affect developing countries. One estimate is that while in developed
countriesthe numberof peoplewith diabeteswill increasefrom 51 to 72 million (+ 42%increase),
in developingcountriesthe increasewill be from 28 to 228 million (+170%increase)Kinget al.,
1998) Thecountrieswith the highestnumberof peoplewith diabetesin 2025will be the US China,
andlIndia.Onecleardistinctionis that mostpeoplewith diabetesin developingcountrieswill be in
the 45-64 agegroup, while in developedcountriesmost peoplewith diabeteswill be aged65 or
over. Similarly,Shawet al. (2010)estimatedthat the number of peoplewith diabeteswill rise by
69%in developingcountriesasopposedio 20%in developedones.Overall therefore, theseresults
illustrate the continuedhighprevalenceof diabetes particularlyin developingcountries,andshow

how ageanda country'sincomelevelareimportant factors.
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Themajority of peoplewith diabetesin low- and middleincomecountriesare agedunder
50 (59%)(Guariguateet al.,2014). Thisis supportedby a similarobservation(Whitinget al.,2011)
that in low-and middleincomecountriesmost peoplewith T2DMare agedbetween40 ¢ 60 years.
Thepicture is very different in highrincome countries,where the highestnumber of people with
diabetes(74%)are over 50 yearsold (the Guariguatastudy) or aged 60 yearsor above (in the
Whitingstudy)./ K Zrépart presentssimilarfindings,with individualswith diabetesagedbetween
65 and 69 of age some 3 times more likely to have T2DMin high-income than in low-income
countries. Diabetesprevalenceestimatespeakedat 22%amongthe 75 ¢ 79 agedgroup in hight
incomecountries;19%in the 60 ¢ 74 agegroupin middle-incomecountries;and 8%in low-income
countriesamong55¢ 64 yearsold (Choet al.,2018) Theagecompositionpresentsabsolutevalues;
however,proportionscouldvarywidely dueto the different agestructure betweenhigh- middle-

andlow- incomecountries.

With regardsto genderdifference the prevalenceof diabetesis expectedto increasefor
both sexeghroughto 2045(Choet al.,2018) A previousreport by Kingprojectedagreaterincrease
in prevalenceby 2025amongfemales,particularlyin developednationsandin urbanareas,while
a later globalreport by Wild showeda similartrend extended to 2030.Thesestudiesindicatethat
urbanisationevelandgenderarelikelyto beimportant determinantsof future diabetesprevalence
and the number of peopleliving with diabetes.Theevidencediscussedbovepaintsa picture of
the globalimpact of the growingdiabetesburden. Theseestimatesare important to supportthe
substantialcommunity interventions neededto deflect the huge financialimplicationsof these

projectionsthroughthe adoptionof healthierlifestylesandareductionin obesity.

One of most important findingsis that the prevalenceof diabeteswill increaseamong
individualsaged65 andabovedueto demographicchange(Wild et al.,2004b) Rapidurbanisation
contributesto a sedentanyifestylethat is associatedyloballywith highdiabetesprevalenceThese
high rates of urbanisationtogether with demographicpatterns resulting from increasesin life
expectancyill leadto further increasesn T2DMprevalencgGuariguataet al.,2014) Toconclude,
it shouldbe anurgent priority for governmentgo developpoliciesfor the preventionand control
of diabetes. Three key requirements of such policies are the need to reduce exposure of
populationsto diabetesriskfactors;earlydiagnosi®of diseaseandearlyaccesgo interventionand
medicationfor thosewith T2DM.Studiesprojectingnational T2DMprevalencewill be reviewedin
Chapters.
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Additionally,in GCCcountriesmost affected by T2DM,the prevalenceis 10%abovethe
global average (AFRasheedi,2015) and the GCCcountries stand out as having the highest
prevalenceof T2DMamongMENAcountries(Majeedet al., 2014) Further,the top ten countries
with the highestdiabetesprevalenceworldwide, three of them are from the GCQegionnamely:
SaudiArabia, Kuwaitand Qatar (Guariguataet al., 2014) Projectionsfor SaudiArabiashow an
increasein adjusted prevalenceby 24.5%in 2030, which will placeit in sixth position globally
(Guariguateet al.,2014)

A combination of risk factors contributes to the high prevalenceof diabetesin these
countriesincludinglackof physicalactivity alongwith poor accesdo sportsfacilities. Thefollowing
sectionswill focuson thesetrendsandriskfactorsin acrosgshe EMRand GCCwith particularfocus
on SaudiArabia,andwill examinethe effectof immigration. Themajority of the estimatesdiscussed
here only consideredcountry nationals and not any immigrantsto the country. Where GCC
countries have experiencedwavesof immigration, the estimatesof diabetesprevalencemight
appearto be inflated if the immigrant population hasdifferent sociceconomicstatus or cultural

norms.Thiswill be consideredn more detailin the next section.

2.4  Overview of T2DM trends in Eastern Mediterranean region

T2DMhasbecomea considerablgublichealthproblemin the EasterrMediterraneanregion
(EMR)with anoverallprevalenceof diagnosedlr 2DMof 7.7%(Al Johaniet al., 2015) Collectively,
the Middle Eastand North African region (MENA)hasone of the highestdiabetesratesin world
(Majeedet al., 2014) Thelast WHOGIobalReporton Diabetes(2016)stated that the prevalence
of diabetesin the EMRhasincreaseddramaticallyfrom 5.9%in 1980to 13.4%in 2014 (Figure2.1)
(WHQ 2016a) Furthermore the IDFestimated that the numberof diabeticpatientswill increase
from 425in 2017to 629millionin 2045andthat the highestincreasewill be seenin the MENAand
acrosswider African regionswith obviousimplicationsfor mortality rates and health expenditure
(Figure2.2). Additionally,the EMRrecordedthe highestmortality rate dueto highblood glucosen
adults (people aged 20 and over) at 139.6 deaths per 100,000 population (WHQ 2016a) The
prevalenceof T2DMin the adult population,currently 9.2%,is expectedto riseto 11.6%by 2035
(Majeedet al.,2014)

2 Arab Health Market Series (2018) Diabesity, the Pulse: ninth Edition. Availahlgst/www2.colliers.com/en
AE/Research/Dubai/Diesity-Arab-HealthMarket-SeriesThe Pulse9th-Edition(Accessed 20 December 2018)
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Figure2.1 Trends of Diabetes Mellitus from the Global Report on Diab@#4Q 2016a)

North America

Figure2.2 The number of diabetic patients in different continents in 2Gid 2045

The previous section highlighted that the Middle East region (Figure 2.1) has the highest diabetes
prevalence globally and thacross the regionyith a rapid increase of diabetes prevalence in both
sexes(Khatib, 2004) According to IDF estimates, at 12.5% fM&NA region had the highest
diabetes prevalencevorldwidein 2011. This was predicted to increase to 14.3% by 208ting

etal., 2011)

3 https:/iwww2.colliers.com/erAE/Research/Dubai/Digesity-Arab-Health Market-SeriesThe Pulse9th-
Edition
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Most countries in theMiddle East have faced massive and ragndioeconomic changes over the

last few decades. These changes in social and economic status have played a key role in the
epidemiological transition that has increased the diabetes burden in the rilosaiger, 2004,

Taylor, 2009) The WHO estimated that the disease burden represented byaoommunicable
diseases (NCDs) in the EMR would rise from 47% to 60% bykit#ih, 2004)driven largely by
life-style changes causing increases in cardiovascular disease, obesity and T2D. In the Arab world,
the number of individuals with diabetes is expectedalmost double by 203fMusaiger et al.,
2011)(IDF, 2013)(Musaiger et al., 2011; IDF, 2013). Another recent report on Middle Eastern
countries observed that 25.8 million individuals in the region had diabetes, with National
prevalence up to 8.8% higher than the global average and further increases expected ttoough
2045(Al Busaidi et al., 201@I Busaidi et al, 2019).
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Figure2.3 Map of Middle East and North Africa Region

The International Diabetes Federation (IDF) estimates reveal that of the top ten countries
worldwide in terms of diabetes prevalence, three are frame GCQCegion: namely Saudi Arabia,
Kuwait, and Qatar (IDF, 2013). Of the top ten countries for diabetes prevalence in the MENA region
(listed in Table 2.4), the top five are GCC states led by Saudi Arabiaidédhg UAE, Kuwait,
Bahrain, and QatgiMajeed et al., 2014)

“4International Diabetes FederationDF Diabetes Atlas"@dition. Brussels, Belgium: International
Diabetes Federatior2013. Available fromhttps://idf.org/e-library/epidemiologyresearch/diabetes
atlas/19-atlas6th-edition.html

5 https://www.researchgate.net/figure/FigureMap-of-the-Middle-Eastand-North-Africaregion-as
definedin-in-this-supplement_figl 259294603
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Table2.4 Top 10 countries for prevalence of Diabetes Mellitus in the Middle East and North

African Region in 2013/ajeed et al., 2014)

Country Prevalence (%)
Saudi Arabia 23.87
Kuwait 23.09
Qatar 22.87
Bahrain 21.84
United Arab Emirates 18.98
Egypt 16.80
Lebanon 14.99
Oman 14.24
Jordan 11.40

Along with the increase im2DMprevalence in the MENA region, there is also a shift irate of

onset, with a marked increase in prevalence among younger age grivapsage 20 and even
extending to children in some countri@ishatib, 2006)Obesity appears to be the key factor driving

the increased prevalence among childréra 2 dza &+ S € ®X W nnyfhisisal mwe
worrying trend that highlights deficiencies in programmes to monitor and controtlibease. The
prevalence of T2DM has risen dramatically in the last two decades, driven by increase in the
prevalence of risk factors for NC@@$uyassin and Laher, 2016pr example, in 2004, the regional
WHO office based ithe Eastern Mediterranean region estimated that 43% of the adult population
(>= 20 yeanld) were overweight/obese, with a corresponding prevalence of diabetes at 14.5%
(Khatib, 2004)Although it is seen thagenetic factors play a significant role in the high prevalence

of diabetes (T2DM) in the regioit is the dualincrease in obesity and physical inactivity resulting
from rapid urbanisatiorthat are the key determinants of the rapid increagBadan and Laher,
2012)
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In addition to genetics, physical activity, and obesity, these include: multiparity, advanced age,
urbanisation, lack of health education and low educational level. These factors will be further
justified in the following se@ns and chapter thredn order fora comprehensive literature review
onpopulationbased diabetes prevalence studies in the regmbe undertaken, a literature search

was carried out using different databasasd terms such as: Google Scholar, Sci®imet. The

terms included RA I 6 S Sa WWediterrdndaa Begiod, IMiddieSE3t countries, type two
RAI0SGSas LINB@LEtSyOS¢é¢ F2ft26SR o0& | NBOASg 27

Results of these studies are presented in fo#owing tables. Inclusion studies were national
populationbased surveys; males and females; prevalence of diabetes and diagnostic criteria
reported; multistage stratified random sampling used. Studies were excluded if they were regional,
applied to onlyone gender, were selieported diabetes prevalence studies, or were duplicates
reported in different journalsThe selected studies used reliable and representative sampling
techniques as welisstandard diagnostic criteria for T2DM. Most excluded pregreomen and

some did not distinguish between type 1 and 2 diabetes. In this thesis, the diabetes prevalence in
adults is based on T2DM, as this represents around 90% of all diagnosed diabetes cases and is the

most common type among adults.

Table 25 summaise the prevalence of diabetes inididile Eastern countries from the studies |
identified. It is important to recognise that they are not directly comparable due to differences in
study design, diagnostic criteria, and population. Overall, the availalie ctanfirm that the
prevalence of T2DM is high, with highest rates in GCC countries, particularly in Saudi Arabia. The
lowest prevalence was reported in Egypt (3.7R®\weverthis was an old study. There were few
nationally representative studies for othédliddle Eastrn countries, however among the few
identified, overall prevalence was high in Jordan (17.4%) and Iraq (19.7%). Lower rates were

reported in Yemen, Tunisia, and Liblgayweverthese studies covered olderged groups.

A recent review of diabegprevalence in the Middle East BYyBusaidi et al. (2019¢ported that

the ageadjusted prevalence of diabetes was highest in Saudi Arabia (17.7%), followed by the UAE
(17.3%), Egypt (17.3%), Bahrain (16.5%), Qatar (16.5%), Kuwait (15.8%), Sudan (15.7%), Lebanon
(12.7%), Oman (12.6%), Jordan (11.8%), Litgadfo ), Iran (9.6%), and Irag (8.8%). Syria (8.2%)

and Yemen (5.4%) have the lowest prevalence in the region. The review confirms that the Gulf
Cooperation Council (GCC) countries have the highest diabetes prevalence among ME countries
and are among thedp ten countries globallyin the next section, | focus on the prevalence of

diabetes and its associated risk factors in the GCC countries.
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Table2.5 Summary of diabetes studies in the Middle Easintries based on a national survey

data by sex; age group

Study Country Age group Diagnostic criteria Prevalence of
diabetes (%)

Abddla et al. (1998) Kuwait 20 years and more OGTT and FPG 14.8
Al Khalaf et al. (2010a) Kuwait 20 years and more FBG 21.4
Alarouj et al. (2013) Kuwait 20-65 FPG 17.9
Al Zurba and Al Garf (1996 Bahrain 20 years and more FPG 25.5
Malik et al. (2005) UAE 20 years and more OGTT and FPG 21.4
Saadi et al. (2007) UAE 18 years and more FPG 10.5
lfn[ kel GA S Oman 20 years and mear FPG 11.6
Al-Moosa et al. (2006) Oman 20 years and more FPG 11.6

Al-Lawati et al. (2015) Oman 20 years and more FPG and OGTT 10.4¢21.1
Bener et al. (2009) Qatar 20years and more OGTT and FPG 16.7
Mansour et al. (2014) Iraq 19¢94 FPG 19.7
Al-Habori et al. (2004) Yemen 25-65 FPG 16.7
Gunaid and Assabri (2008 Yemen 35 years and more FBG and OGTT 10.4
Abdul Rahim et al. (2001) Palestine 30-65 OGTT 12.0
Ajlouni et al. (2008) Jordan 25years and more FPG 17.4
Albache et al. (200) Syria 25 years and more FPG 15.6
Lfotouh et al. (2008) Egypt 18 years and more OGTT 3.7
Hegazi et al. (2015) Egypt 20-79 - 15.6
Noor et al. (2015) Sudan 18-95 FBG 1.3
Romdhane et al. (2014) Tunisia 35-70 FPG 15.1
Kadiki and Roaeid (2001) Libya 30-64 OGTT 14.1
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2.5 Diabetes prevalence in the GCC region

The Cooperation Council for the Arab States of the Gulf (GCC) was established in 1981 between six
countries located on the Arabian Gulf coast (Figure 2.4); these are Saudi Arabia, Oman, Babhrain,
Qatar, Kuwait and the United Arab Emirates (UAE). They hatimad and homogeneous
characteristics in terms of religion and culture, leading to shared social, environmental and lifestyle
factors(Aljefree and Ahmed, 2(%). Building on this unique relationship, the GCC aimed to develop
joint investment by members in areas such as health and education. The GCC is dominated by Saudi
Arabia in terms of size and population (Saudi population 32 million compared to arddindlBon

in UAE, 1.5 million in Bahrain, 4.5 million in Oman, 2.7 million in Qatar and 4.2 million in Kuwait).

Gulf Cooperation Council Countries

Figure2.4 Gulf Cooperation Council Countries Map

Collectively, the GCC countries are the major supplier of oil in the world and accordingly have the
largest economies in the ME region. This wealth has resulted in rapid socioeconomic development
in recent decades, leading to dramatic changes lifestyle diethry habits(Mabry et al., 201Q)
providing a likely explanation for the high prevaterof diabetes in the regios discussed above,

with the exception of Oman, all GCC countries are within the top ten countries in terms of diabetes
prevalenceworldwide (Whiting et al., 2011)In the next section (section 2.6), | present the
published national populatichased studies of diabetes prevalence in Saudi Arabia. In the following
section (2.7) | go on to coider a conceptual framework for understanding the association between
the prevalence of diabetes and socioeconomic factors. The association between T2DM prevalence
and demographic, socioeconomic and lifestyle factors, together with a consideration ofidee w

healthcare system, is discussed in more detail in the next chapter.

6 https://gccstat.org/en/#
7 https://www.crowe.com/-/media/Crowe/LLP/foliepdf/Deatmakingin-the-GC@NebinarHandoutAS
18600:004Dpdf.pdf
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The previous summary table highlights the prevalence of T2Déidnbeyondhe GCC countries
based on national survey daf@iable 2.6)Overall, the table reveals the high prevalenééiabetes

in these countries and that prevalence is higher in females than males in all countries except Oman.
The highest prevalence was reported in Bahrain; however, this study covered older age groups (40
to 69 yearsold) who would be expected to hawa higher prevalence of diabeteghe prevalence

of T2DM in the GCC national studies ranged between -128%%with Saudi Arabia hangthe

highest prevalence followed by the UAE, Kuwait, and Qa&tas.lowest prevalence was observed

in Oman.
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Table2.6 Summary of diabetes studies in the GCC countries based on a national survey data by

SEex¢ age group

(2014a)

Study Country Age group Diagnostic criteria Prevalence of diabetes (%)
Females | Males | Both sexes
Em[Fél GA Oman 20 years and more FPG 11.3 11.8 11.6
Al-Moosa et al. (2006) 20 years and more FPG 11.3 11.8 11.6
Al-Lawati et al. (2015) 20 years and more| FPG and OGTT - - 10.4¢21.1
Abdella et al. (1998) | Kuwait | 20 years and more] OGTTandFPG 14.8 14.7 14.8
Al Khalaf et al. (2010b] 20 yearsand more FPG - - 214
Alarouj et al. (2013) 20-65 FPG 23.6 19.2 324
Al-Mahroos and Bahrain 40¢ 69 OGTT 35.3 25.4 29.4
McKeigue (1998)
Al Zurba and Al Garf 20 years and more FPG 25.0 26.4 25.5
(1996)
Bener et al. (2009) Qatar 20 years and more| OGTTandFPG 18.1 15.2 16.7
Malik et al. (2005) UAE 20 years and more| OGTTandFPG 22.3 20.4 21.4
Saadi et al. (2007) 18 years and more FPG - - 10.5
Al-Nozha et al. (2004)| Saudi 30-70 FPG 215 26.2 23.7
Arabia
Almajwalet al. (2009) 30 years and more FPG 18.6 15.9 17.2
Al-Rubeaan et al. 30 years and more FPG - - 25.4

Thesestudies revealthat the increasein averageincomeacrossthe GCQegionand the
accompanyingrapid socioeconomictransformation has had negative consequenceson the
prevalenceof NCDsparticularly T2DM.On its own, therefore, achievinga high economiclevelis
not sufficientto improvethe control and managementof diabetes.Thenext sectionprovidesan

overview of diabetes prevalence studies and risk factors in Saudi Arabia with a view to

understandindhow suchresourceanight be better deployedto control the disease.
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2.6 Overview of diabetes studies in Saudi Arabia

Inthe previoussection | establishedhat the prevalenceof diabetesis predictedto increasean most
nations.In a study of the regionalprevalenceof T2DM,Guariguataet al. (2014)found that Saudi
Arabiais amongthe countrieswith the highestprevalence both within the MENAregion and
worldwide.In another recentSaudistudy, A-FRubeanet al. (2014b)estimatedthat the prevalence
of T2DMin those aged 30 yearsand above was 25.4%,0f whom 40.3%were undiagnosedEl
Bcheraouet al. (2014)alsoinvestigatedhe T2DMprevalencen SaudiArabiaandfoundthat 13.4%
of Saudihavediabetesof whom 57.8%were undiagnosedind 20.2%were undergoingtreatment

that failedto control their condition.

Thefollowing Table2.8 summarieshe agesexspecificprevalenceof T2DMamongSaudiadults.
Threenational studieshighlightedthe increasingorevalenceof T2DMin both malesand females,
with prevalencerates for maleshigheracrossmost agegroups.All these studieswere nationally
representativeandobservedhat the prevalencencreasedrom 14.8%- 25.4%amongpeopleaged
30yearsor older. However it shouldbe noted that there is somevariationin the diagnosticacriteria
usedin thesestudies.Theoriginalcriteriawere basedon highOGTTandfastingplasmaglucosecut-
off valuesandthesehavenow changedto cut-off valuesbasedon low fastingglucosevalues.This
couldresultin increaseddetectionof diabetesmeaningthat recentstudieswill tend to givehigher

prevalencerates.

Inthis section,| highlightT2DMstudiesin SaudiArabiathat haveinvestigatedthe demographiand
healthrisk factorsfor T2DM.It will undertakea critical analysisof the argumentsusedto support
the commonly accepted diabetes risk factors in SA namely demographic,sociceconomic,
geographicalocation,andgeneticfactors.Moreover, it will arguethat the socioeconomicfactors
couldhaveabeneficialimpacton diabetesin SA althoughthisis highlydependenton other related
risk factors.In order to understandthis relationshipbetter, | here explorepreviousSaudistudies

that haveinvestigate diabetesriskfactors.
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Table2.7 Diabetes Studies in Saudi Arabia based on national surveys

data
(20071 2009)

Prediabetes: FPG = 100 mg/dL and 1

mg/dL (5.6 mmol/i 6.9 mmol/L).

Author and | Dataset year | Sample Diagnostic criteria Age Total T2DM Prediabetes
publication size range | prevalence
year
EFHazmi et National 23,493 | Diabetes: Fasting plasma glucd3é.7 030 | T2DM =14.75% Male = 17.32% Male = 1.30%
al. (1996a) Household mmol/L (0120 mg/dL) and/ or 4 IGT =1.75% | Female =12.18% Female =2.20%)
Survey 1991 postglucose load>10.0 mmol/L &
180 mg/dL); Praliabetes/ IGT: normal
fasting blood glucose level (<6.7
mmol/L) and 2h postglucose load
between 6.7 and 10.0 mmol/L
AlZNuaim National 37,000 Diabetes: OGTT: plasma glucose-at| 015 Urban = 13%j; Urban = 10.5%;
(21997) epidemiological h>11.2 mmol/L Rural = 7.5% Rural = 8%
household Prediabetes: OGTT: plasma glucose Male = 1%6; Male = 7%;
survey 7.8and <11.1 at-B Female = 14% Female = 7.7%
(1990- 1993)
Warsy and El Nationwide 14,660 WHO criteria using the fasting and 2| > 14 Male = 9.7% Male = 5.39% Male = 0.50%
Hazmi (1999) | study during hour post glucose load glucose level Female =7.0%| Female =3.65%| Female =0.72%)
(19921 1995)
Al-Nozha et | 5-year National | 17,232 Diabetes: FPG7.0 mmol/L (126 30-70 | T2DM =23.7%| Male =26.2% Male = 14.4%
al. (2004) epidemiological mg/dL) or random value at or >11.1 IGT =14.1% Female = 21.5%| Female = 13.9%
heath survey mmol/L (200 mg/dL).; Prediabetes:
(19951 2000) FPG =6.16.9 mmol/L (110 and 125
mg/dL)
AlRubeaan Nationwide, 18,034 Diabetes: FPG126 mg/dL (7.0 030 DM = 25.4% Male = 29.%, Male = 26.4%
et al. (2015) | and household mmol/L) IGT =25.5% | Female =21.9%| Female =24.7%)

Inthe lastthree decadesSaudiArabiahasfacedeconomicgrowth andurbanisationeading

to demographidransitionsandanincreasinglysedentarylifestylewhichhavehad epidemiological

consequences ! f 1 b1887)D¥shitethis, few studieshaveinvestigatedthe high prevalenceof

T2DMin SaudiArabiafrom a sociceconomicperspective Warsyand EIHazmi(1999)highlighted

epidemiologicalstudies that attempted to determine the key risk factors driving the high

prevalenceof DM in SaudiArabia. Thesemainlyfocusedon traditional riskfactorsasage,sex,BMI,

andfamily history.
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Table 2.8 below summarisegreviousdiabetesstudiesin SaudiArabia. Thirteen studies
aimedto investigatethe prevalenceof diabetesandits riskfactors.Eightstudieswerenot nationally
representative focusingfor exampleon rural areas(Bacchuset al., 1982) on Saudimalesonly
(Fataniet al., 1987)andin urban areas(Anokute,1990) Onestudyrelied on selfreporting of the
diabetesdiagnosigAlqurashi2011),one wasonly in the Centralregion (AFBaghliet al., 2010, Al-
Daghriet al.,2011)and one wascentredon the Al-KharjMilitary Hospital(Karimet al.,2000)

Overall,the prevalenceof diabetesincreasedbetween1987to 2014 and howevermales
were more likely to be diabetic, femaleswere more likely to be diagnosedwith the disease.n
addition, it shouldbe noted that previousresearcherseldomclassifieddifferent typesof DM and
often relied on selfreported surveyswith few studiesusingdata from national surveys.Several
studiesclaimedthat older agedindividualsare at higherlikelihood of beingdiabeticcomparedto
youngerindividualsd ! f 1 w d2@lS2015)Fataniet al., 1987,EFHazmiet al., 1995a,EFHazmiet
al.,1996aWarsyandEIHazmi1999,! f 1 b dA97% ArBaghliet al.,2010) Howeverthesituation

with respectto genderis more complicated.

In terms of gender differences,severalstudiesarguedthat Saudimaleshave a higher
likelihoodof beingdiabeticcomparedto Saudifemalesd ! f 1 w @2@ISA015 Fataniet al., 1987,
ElHazmiet al., 1995a,EFHazmiet al., 1996a,Warsyand EIHazmi,1999) However,somestudies
found that the prevalenceof diabeteswashigherin females(Karimet al., 2000,! f 1 b d®9%,Y Z
Al-Baghliet al., 2010) Thesedifferencesbetween studies likely reflect diversity in the study
populatiors, with somestudiesfocusingon citiesor regions.Furthermore,most studiesreported
that high BMI is positivelyassociatedwith the prevalenceof diabetes(Fataniet al., 1987, Warsy
and EIHazmi,1999,! f 1 b d®9X,Xlqurashiet al., 2011, AFRubeaaret al., 2014b)and that a
familyhistoryof DMin first-degreerelativesisassociatedvith highriskof diabeteso ! f 1 b1887,A Y X
I £ 1w dzet 8.1201%)

As previouslydiscussedn Chapterl, however, the combinationof demographic socio
economicand cultural contextsare important factorsthat influence the increasingprevalenceof
T2DMin SA.Analysingsocioeconomicand demographiccharacteristicswould contribute to a
better understandingof how bestto applyeconomicresourcedo addresghe healthneedsof the
Saudipopulation in relation to T2DM (Albejaidi,2010) Previousresearchinvestigatingthe risk
factors for T2DM have tended to underplaythe importance of sociceconomicfactors suchas
educationallevel, employmentstatus and householdincome. Yet as a result of rapid economic
growth and urbanisation SaudiArabianow ranksasthe countrywith the third highestprevalence

of diabetesworldwide (Bennett,2007)
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Thisstudyfound that monthly incomeand urbanisationwere significantlyassociatedvith
diabetes Bennettnoticedthat diabetesprevalencein urbanareaswashigherin low and middle-
incomegroupscomparedto high-incomegroups.Thisfindingwasalsoobservedin Saudinational
studies, highlighing that individualswho live in urban areashave a higher likelihood of being
diabeticcomparedto thosein rural areas(AFNozhaet al.,2004,! f 1 b dA9X) Menhce the place
of individualresidencecould be an important determinant of T2DM.In urban areas,individuals
with low-incomestatushavea higherlikelihoodof beingdiabeticor pre-diabeticthan high-income
individualso ! f 1w dt@IS2015)

Limited studiesconsideredsocioeconomicfactors suchas educationlevel, employment
statusandincomestatus.With regardsto sociceconomicfactorsin relationto diabetesin SA,one
study found that low-educatedindividualshad a higherlikelihood of beingdiabeticcomparedto
highreducatedindividualsin the Easterrregion(AlBaghliet al.,2010) Additionally,incomestatus
is signifcantlyassociatedvith diabeteso ! f 1 w dt@I$S2015 fataniet al., 1987,Al-Baghliet al.,
2010) In the Westernregion, highincomemales and thosewho lived in rural areashad a higher
risk of being diabeticcomparedto low-incomemales(Fataniet al., 1987) Converselytwo later
studiesobservedthat low-incomeindividualshavehigherrisk of beingdiabeticcomparedto high
incomeindividuals(AFBaghliet al., 2010,! f 1t w dzét &ll, 2035) With respectto employment
and marital status,unemployedindividualsare more likely to be diabeticthan thosein work (AF
Baghliet al., 2010) Individualswho are currently or were previouslymarriedare more likelyto be

diabeticthanthosewho nevermarriedin the Eastermregion(AlBaghliet al.,2010)

Despite these observations,few national studies have investigated the relationship
betweenindividualandregionalrisk factorsand how theseare related different T2DMoutcomes.
Inthe followingsectionl will criticallyevduate andreviewthe literature surroundinghe riskfactors
for T2DM.Thissectionwill first addressone of the main conceptualmodelsfor understandinghe
associatiorbetweensocioeconomicfactorsandhealthoutcomes. Secondlythis sectionwill divide
basedon this framework.In this thesis,| will attempt to fill this gapby investigatinghow the three
main diabetesoutcomes(prevalence,diagnosed,and control) relate to sociceconomicfactors

basedon nationalsurveydata.
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Chanpter 2

Study Year of data | Sample size Diagnostic criteria Summary of key findings / estimates Method Exposuremeasures
collection
Fatani et al. Western 5222 Random Blood Glucose/| §  They found a high prevalence of diabetes in rural areas in the western region. Chisquare test | Age, sexBMI,and
(1987) province Oral Glucose Tolerance | 1  The overall prevalence was 4.3%, (5.9% for females and 2.9% for males). income
1987 Test 1  The prevalence was highly associated with advanced age andhisigie groupsMost diabetic
patients wee obese by 41.2%.
ElHazmi et al. Riyadh city 3981 WHO criteria 1  They investigated the prevalence of IGT and DM type Il and I. Multiple logistic Sex and age
(1995a) Central 1  The prevalence of T2DM was 4.76% for men and 4.10% for women from two to 70 years old. regression
Region 1 The IGT was high for femal&8hile males have &igher prevalence of diabetes than females.
19911993 1 The prevalence of diabetes increased with age increases.
EFHazmi et al. National 23,493 CladAy3 LI {T Theyestimated the prevalence of IGT, diabetes type Il and | for females and males. Linear model Sex and age
(1996a) Household (2¢70) c®1 YY2tk[ {9 The prevalence of type Il diabstevasl7.3%in males and.2.2%in females between (3¢ 70
Survey 1991 years and/ or 2h postglucose years).
34 areas f2FR % mMn®n | § The prevalence of diabetes increased with age increases.
mg/dL)
ElHazmi et al. AlBaha 2060 Fasting blood glucose leve | In this study, they added BMI as an important indicator of DM. The prevalence of DM was Chisquare test Age, sex and BMI
(1996b) population X c®1 YY2fkt associated with agesex,and BMI.
Southern and 2h post glucose load| §  The overall prevalence was 7.1% (type Il = 6.9%, type | = 0.2%, IGT= 0.8%).
Region X Mn®n YY2f q Thereis a significant association between diabetes agld BMI. Most diabetic patients were
mg/dl) obese.
AlNuaim National 13,177 Random Blood Glucose/| 1  The prevalence of diabetes in urban areas was higher than rural areas. He added residence ¢ Multiple Age, sex, residence
(2997) epidemiologic| (15years | OGTT: plasma glucose at (rural and urbany; family history of DM; BMI. regression place, family history
al household | and above) h>11.2 mmol/L f  Residence, family history, age and BMI wegaificantly associated with diabetes. analysis and BMI.
survey bl Females in rural and urban areas diagnosed with diabetes more than males.
Rural and 1 The DM prevalence: urban area (12.0% males, 14.0% ferqdRes}l area (7.0% males, 8.0%
Urban areas females).
(1990- 1993) 1 The prevalence of IGTirhan area (10% made 11% females) Rural area (8% males and females)
AlBadli et al. Eastern 197681 Fasting Plasma Glucose| 1  The prevalence of DM is 17.4% and IFG 2.7%. The univariate Age, sex, marital
(2010) Province oF3s 1  The results indicated that individuals who are older age, being madied;ced,and widowed, difference status, occupation,

FPGK126 mg/dL (7.0
mmol/L)

illiterate, low-income,women and unemployed were positively associated with diabetes.

tested by using
Chisquare test
Multiple logistc
regression
analyses for
explore the
association and
risk factors of
DM and IFG

education level, and
income level
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Table2.8 Summaryof diabetes studies in Saudi Arabia (cont.)

Study Dataset Year Sample size Diagnostic criteria Summary Methods Exposure measures
El Hazmi (1998) | National survey 25,337 ChradAay3a o6ft22R 3 1 The prevalence of diabetes increases with advanced age. Proportions and Age, sex.
(19921996) yy2tkt o6x wmHuposty 1  The prevalence of DM was 4.53% for females and 5.63% for males. Chisquare test
3t dz02asS t2FR x 1  The IGT in females was higher than in males.
mg/dI) f  Although it is not surprising that the prevalence of DM increased more with
advanced age groups, the midefige group have the highest prevalence
compared with other age groups.
Warsy and El Nationwide 14,660 WHO criteria using the fasting an 1  The prevalence of diabetes was 9.7% males7a@éb females. Proportions and Age, sex and BMI
Hazmi (1999) study during (age > 14) 2-hour post glucose load glucose| Chisquare test
(1992-1996) levels
Karim et al. AFKharj city 3,747 Random Blood Glucose/ Oral 1  The prevalence of DM was 5.3% in females and 2.6% in males. DM incrg Age proportions Age and sex.
(2000) 038 x Glucose Tolerance Test with age. of DM.
AlNozha etal. | 5-year National 17,232 CtD Aa x1®n YY2 1 The prevalence of diabetes was 23.7% (diagnosed). Agesex Sex and residence
(2004) epidemiological (30¢ 70 arandom value at or above 11.1 1 High prevalence of DM in urban areas compared with rural areas (25.5% proportions of place, age, region
health survey years) mmol/L (200 mg/dL) 19.5%). (Further longitudinal studies are required) 26.2% na2ds5% DM.
(1995¢ 2000) females.
AlDaghri et al. Central region 9,149 fasting plasma glucose (FPG) lev| §  Theoverall prevalence of diabetes was 23.1% {adjisted = 31.6%, 34.7% males, Agesex Age and sex
(2011) Riyadh XTd®n YY2fk[ o 28.6% females). proportions of
Cohort DM.
Algurashi et al. 2009 6024 Selfreported 1  The prevalence of diabetes is 30.0% (34.1 in n@aR¥%6% in females). Linear regression Age, sex and BMI.
(2011 Crosssectional 1  Females have a higher prevalence of diabetes than males for ages less than 50
Jeddah city old.
1  Obesity has a high@revalence within females than males.
I f mwdzo S| Crosssectional 18,034 R D Aa xmMHC Y3Ik|T Theoverall prevalence of DM25.4%while 40.3% are unaware of having diabete ANOVA test Age, income, BMI,
(2015) National 6138 1  Risk factors of DM are history of gestational diabetes, family history of DM in firy Logistic regressio GDM, gender,
household degree relatives, residence place and income. analysis residence placefamily
survey 1 BMI associed with diabetes and prediabetes. history
(2007- 2009) 1 Urban areas have higher prevalence of DM than rural areas, and individuals wit
monthly income <4,000 and 4,0@(,000 SR.
T IGT prevalence associated with individuals with 4,800 SR.
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2.7  Conceptual framework for understanding the association between

socio-economicfactors and T2DM outcomes

This section provids a critical evaluation of the risk factors for the three main T2DM outcomes
(prevalence, diagnosed and controlled) drawing on relevant literature with a focusooic
economicfactors. This section first presents onetloé main frameworks the Social D&rminants

of Health (SDHNodel- by (Dahlgren and Whitehead, 199T}his framework has been usgxgain

a better understanding the complex relationship between sestwnomic factors andarious

health outcome. However, in this chapter, | will address the main demographic, genetic, lifestyle,
sociceconomi¢ and environmental risk factors for T2DIMingthe SDH framework. | also review
studies from other countries examining the impactsoticeconomicfactorson T2DM outcomes.

| conclude by summarising the characteristics of T2DM based on past research and examining
theories addressing the association betwesociceconomicfactors and T2DM outcomes to

provide a conceptual framework for this thesis.

2.7.1 The SociaDeterminants of Health Model (SDH)

Dahlgrenand Whitehead establisheda model to understandthe relationship between
sociceconomicfactors and health outcomesas they relate to T2DM. A systematicreview by
Bambraet al. (2009)illustrated the importance of socialdeterminantsof health (SDH)usingthe
DahlgrenandWhiteheadd NJ A ¢ & 2 BrSigframeworkwasdevelopedio addresshe concept
of health equity together with its policyimplications(Dahlgrenand Whitehead,1991)and canbe
usedto help identify a wider range of SDHand better understandtheir interactions. The model
identifiesfour major layersof socialdeterminants.Thetwo externallayerspresentenvironmental
factors(externalfactors)aslivingandworkingcircumstancesThetwo inner layersidentify factors
relatingto the individual(internalfactors)suchaseducation,unemploymenthousing,andaccess

to healthcareservices.
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Source: Dahigren and Whitehead, 1991

Figure2.5 Dahlgren and Whitehead model of the social determinants of h¢&#mbra et al.,
2009)

| usedthis modelasa frameworkfor integratingthe factorsidentified asimportant for T2DMfrom
the literature review. Forexample Jifestyle, health careaccessand selfcarefactorsare likelyto be
associatedvith anindividual'ssociceconomiccharacteristicandrelatedto T2DM(seeFigure2.6).
Basedon my review of previousstudies,individualswith lower SESre more likely to have poor
health outcomes.Thislack of equality in health statusin most populationsreflectsthe unequal
distribution of sociceconomicresourcesbetweenindividuals.The SDHmodelis therefore useful
for understandingthe true relationship between unequal accessto health care for socially

disadvantagedjroups(Marmot and Health,2007)

| Environmental and community factors |

|

| Lifestyle and behavioural factors ’J
| Demographic and genetic factors ’J

Socioeconomic and health care access factors

Source: Dahigren and Whitshead, 1991

Type two diabetes mellitus |

Figure2.6 Thesis conceptual framework
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Inthe article entitled: & / f 2tldeXap B a generation:health equitythrough action on the social
determinantsof K S | Mandthasdefined socialdeterminantsof healthas & (i BoSditionsin
whichpeopleareborn,grow, live,workandage,includingthe healthsystem.Thecircumstanceare
shapedby the distributionof money,power,andresourcest global, national,andlocallevel. The
social determinantsof health are mostly responsiblefor health inequalities¢ the unfair and

avoidabledifferencesn health statusseenwithin andbetweenO 2 dzy (i (Marr§o&2008).

Forexample womentend to live longerthan mendueto biologicaldifferences However,
in somesocietieswomen havea similaror lower life expectancythan men, which couldindicate
that there are social conditions that negatively affect females (Marmot and Health, 2007)
Researcherhavetendedto focuson factorsdirectly implicatedin the high prevalenceof diabetes
suchasobesityandlackof education.Thisapproachhasneglectedkey socialdeterminantssuchas
poverty,despitethe fact that public health policiesthat providetargetedeconomicsupportcould

providebetter healthcareaccessandaddresssomeof the other riskfactorsin the longerterm.

By understandingand addressingthese determinants through policy intervention, inequality
betweenthe poor andrich individualswithin societycanbe minimised.A better understandingof
the socialdeterminantsof health could therefore reduce health inequalities,improve the health
status of the whole of societyand reducethe burden of diseasefor future generationsd a I N 2 & =

H N sdip donclusionit is clearfrom Figure2.5 andthe aboveconsiderationghat:

Socialdeterminants of health are key to understandingthe variation in health outcomes

betweensocieties

Socialdeterminantshavea wide influenceon populationhealthandare keyto tacklinghealth

inequalitieswithin society
Theimprovementof healthcareserviceds a high priority in reducinghealthinequality

Policymakersshouldtherefore considerthe relationshipbetweensocialdeterminantsand health
by managinghe mismatchbetweenhealth careprovisionandhumanneedso a I NJ¥ 21 idBhis
improvedprovisionshouldtake accountof sociceconomicdiversityat the individual,regionaland
national level. Basedon this framework, the following sectionsprovide a discussiornof the risk
factorsfor the prevalencediaghosis,andcontrolled diabetesoutcomes Thefollowingstudiesused

different measuresf T2DMstatusand outcomessuchas:

1 Measred @ 4 dzNRIAS &Yy 2aSR RAIFI0SUGSA dzaAy3d RAIF3Iyz22al
diagnostic criteria e.g. OGTT, FPG, and HbA1c as discussed at the beginning of this chapter
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T SeiNBLR2 NI SR o0& Fa1Ay3aY all @8 282dz SOINFatS Sy RAL Iy 2:
LNEPFTSaaiz2yl tKé ¢KAa Aa y2G O2yaARSNBR a YSI &dNBE

1 Measured and selfeported for allowing classification of individuals as previously diagnosed or

undiagnosed, controlled or uncontrolled.

(@]}
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N
w»
QX

1 Hospital or medical records thaicluded2 yf @ RALF I3y 2aSR RAL LI (@

[amN
>
w
<,
=
QX

1 Some studies considered medication or afifibetic treatments.

2.8 Risk factors for T2DM outcomes

In this sectionl will addressthe main socioceconomi¢ demographiclifestyle, environmentaland
geneicriskfactorsfor T2DM.Thesectionaimsto providea criticalevaluationof the riskfactorsfor
the three main T2DMoutcomesdrawing on relevant literature with a focuson socioeconomic
factors.After that, | evaluatethe impactof healthcareaccessand selfcarefactorson the diagnosis
and managemenbf diabetes.| alsoreview studiesfrom other countriesexaminingthe impact of
sociceconomidactorson T2DMoutcomes.| concludeby summarisinghe characteristico®f T2DM
basedon pastresearchandexaminingtheoriesaddressinghe associatiorbetweensociceconomic

factorsand T2DMhealth outcomesto providea conceptualframeworkfor this thesis.

2.8.1 Demographic factors

Inthis section,| considerthe associatiorbetweendemographidactors(ageandgender)and
diabetesprevalence/controbf diabetes With respectto age,astudyby EIHazmi{1998)highlighted
the high prevalenceof diabetesin the middlie-agedgroup (45 yearsold) in SaudiArabiaand how
prevalenceof DM increaseswith age.In a UK study, Connollyet al. (2000)investigatedthe high
prevalenceof diabetesin the middle-agedgroup andfound a significantassociatiorbetween SES
and T2DM. All studiesdiscussedabove indicated diabetes prevalenceincreasedwith age. The
reviewsby Sicreeand Shaw(2007)and Whiting et al. (2011)discussedbovedescribehow T2DM
prevalenceincreasedn the middle-agedgroup, but alsounderlinethe importanceof considering

genderin view of the biologicaldifferencesbetweenmalesandfemales.
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In fact, most previous studies reveal a relationship between gender and T2DM prevalewesger

the size and timing of these effect vary according to the study setting. The most consistent finding
is that males are more likely to have T2DM than females. Examples of this are two Saudicstudies
those ofEl Hazmi (1998nd Warsy and El Hazmi (19999nd a study byConnolly et al. (2000

the UK,all of which report that T2DM prevalence is lower in women than men. These authors
further investigatedthe relationship by considering social class. This revealed that there was a
signficant association between T2DM and SES, for both men and women and that this was most
marked in the 4849 age bandHoweveroverall women showed a lower prevalence of T2DM than
men irrespective of age or SES, they appeared more sensitive to changeslepthation score

(a proxy for SESThese studies were based on different age bands, whimimplicates direct

comparisons between them

Similarly,Robbinset al. (2005) Reisiget al. (2007)and Agardhet al. (2011) published
studiesshowingthat SE$hasa stronginverseassociatiorwith the prevalenceof T2DMin women
acrosdifferent populations Areviewof diabetesin Europeby Espeltet al. (2011)found subgrous
of females,characterisedby lower levelsof physicalactivity, high BMI, and other psychosocial
factors,who have a higherincidenceof T2DMthan males.Thisreflects the greater variation of
diabetesprevalencadueto SEStatusin womendiscussedbowe. Connollyet al. (2000)hadalready
suggestedhat the relationshipto SESeflectedthe levelof exposureto modifiableriskfactors.In
accordwith this view, Robbinset al. (2005)found that correctingfor these factorsreducedthe
associationbetween SESnd T2DM. For females the bulk of the residualassociationwas with
occupationalstatus. However,for males,only the poverty incomeratio emergedas a significant

risk factor after correction.

Studieson the influence of demographicfactors suchas age on the control of diabetes
presenta complexpicture.Biet al. (2010)reportedthat in the Jiangsuegionof Chinaolder adults
with T2DMwere lesslikelyto havegoodglycaemiacontrol. Other studieshavealsoreported that
middle-agedandolderadultsshowed poorerglycaemicontrol thanyoungeradultsé 5 Q { & alz] |
2015,Al-Baghliet al.,2010,Alramadaret al.,2018,Ajlouniet al.,2008,Cowieet al.,2010,Al-Kaabi
et al.,2008) Howeverin anotherangleon this debate,a USstudyfound that youngeradultswere
more likelyto be facingfinancial,workingand family respongbilities asreflectedin highscoreson
a DiabeticDistressScale,perhapscontributing to a lack of awarenessasto their health status
(Wardianand Sun,2014)
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Similarresultswere obtainedin a Canadiarstudy showingthat agecaninfluencepatient
selfmanagementindirectly through Diabetesrelated distress (Aghili et al., 2016) A study
conductedin Omanalsofoundthat older patients(>40)hadbetter glycaemiaontrol thanyounger
patients (20-39) (AlLawatiet al., 2012) Finally,in an alternative perspectivecontrasing with the
evidencepresentd above,a numberof studiesfound no evidencefor anassociatiorbetweenage
andcontrol of diabetesin either direction (AFHayeket al.,2012,Al-Kaabiet al.,2009,Al Balushiet
al.,2014,Ajabnoorand Laajam 1987,Al-Nuaimet al., 1998, Abdelmoneimand AlHomrany,2002,
Malik et al., 1999)

Severalstudieshave investigatedthe associationbetween genderand control of diabeteswith
mixedfindings.Onestudyreported that male patientswere more likely to exhibitgoodglyaemic
control (AOR= 2.84) (Abdelmoneimand Al Homrany,2002, Al-Baghliet al., 2010) However,a
similarOmanistudyfound the oppositeeffect, with femalepatientsmore likelyto showglycaemic
control (AOR=1.5)(AlLawatiet al.,2012) Otherstudieshavenot foundanysignificanassociations
betweengenderand glycaemiaontrol (AtHayeket al., 2012,AlKaabiet al., 2009, Al-Kaabiet al.,
2008,AlBalushietal.,2014,5 Q{ 2etial.,2015,AjsbnoorandLaajam1987,A-Nuaimet al.,1998,
Malik et al., 1999, Alramadanet al., 2018) Theevidencehighlightsthat the associatiorbetween
demographicfactors and controlled diabetes could be related to differences between study
populations.Toconclude the majority of the previousevidencehighlightedthat there are likely to
be genderdifferencesin relation to control of diabetes howevertheseare complicatedby other

demographicand SESactors

2.8.2 Genetic factors

In addition to age and gender, ethnicity is another factor to take into considerationwhen
investigatingthe associatiorbetween SE&nd prevalenceof DM (Agardhet al., 2011, Calixtoand
Anaya, 2014, Piccoloet al., 2014) A study by Robbinset al. (2005) found that ethnicity is a
significantfactor in developingDM amonglow SESndividuals.More specifically Piccoloet al.
(2014)convincinglyshowedthat Africansand Hispanicswith low SES$havea higher prevalenceof
T2DMthan Caucasiaimdividuals However studies by Bhopalet al. (2002)andWalkeret al. (2014)
suggestedhat further evaluationof the interactionbetweensocioeconomicfactorsand ethnicity
as they relate to prevalenceof T2DMwas required, particularly with regardto genderrelated
differencesandagestratification.Kumariet al. (2004)found significantassociatiorbetweenT2DM
and ethnicity; for example SouthAsiancountrieshavea high prevalenceof T2DMcomparedwith
Europearcountries.Furthermore, T2DMprevalencdsincreasingn Europearcountrieswith a high

immigrantpopulation,predominantlythosewith poor SESEspeltet al.,2011)
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It isknownthat afamily historyof T2DMisanimportant riskfactorandthat thisalsoapplies
in the Saudipopulation (Warsyand EIHazmi,1999) Geneticfactorslikely contribute significantly
to the high prevalenceof T2DMwithin certain ethnic groupsin e.g. South EastAsiancountries
(Hussairet al., 2007, Agardhet al., 2011) Further studiesof geneticrisk factors within specifc
ethnic groups might therefore help clarify the relationshipbetween T2DM and sociceconomic
factors (Agardhet al., 2011) Three studies have investigatedthe relationship between family
history and glycaemiccontrol with conflicting results. Malik et al. (1999) observedthat good
glyaemiccontrol wasassociatedvith a family history of T2DM.However,another studyreported
that poor glycaemiacontrol wasassociatedvith havinga family history of diabetes(Ajlouniet al.,

2008) Athird studyby Abdelmoneimand AlHomrany(2002)found no significantrelationship.

Consanguinityn marriageis anotherimportant factor contributingto the highprevalenceof
T2DM(ElHazmiet al., 1995b) Most researchnotesthat there is a positive associatiorbetween
T2DMandconsanguineoumarriagein this region(EIMouzanet al.,2008,Midhet et al.,2010) For
example pnestudyreportedthat 80%of relativemarriageshada family historyof T2DMcompared
to 20%in non-relativemarriagegBadan andLaher,2012) Thus,geneticrisk factorscontribute to
the high prevalenceof T2DMin the region (Abuyassirand Laher,2016) Thesegeneticinfluences
have probably remained constant, however, and the lifestyle changesresulting from rapid
urbanisationand economicgrowth have probablybeenthe major causeof the increasein T2DM

prevalenceoverthe lastfew decades

Fewstudieshaveinvestigatedthe associatiorbetween ethnicity and control of diabetes.
OneDutchstudy reported that AsianAmericanshavea higherlikelihood of havingdiabetesthan
non-HispanicWhites,and that ethnic minorities had poor outcomesthat could not be attributed
solelyto differencesin selfmanagemeniLantinget al., 2008) A similarfindingwasreportedin a
USstudy showingthat non-HispanidWhites havebetter diabetescontrol comparedthan Mexican
Americanandnon-HispanidBlackgRothmaret al.,2008,Welchet al.,2006) Finally althoughone
study in the UAEby Malik et al. (1999)did find a significantrelationshipbetween ethnicity and
glycaemiccontrol, interpretation of the observationwas complicatedby ethnic differencesin
preferencefor hospital or health-centre management.The evidencepresentedhas shown that

ethnicity andfamily historywere meaningfulrisk factorsfor prevalenceand controlleddiabetes.
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2.8.3 Lifestyle and behavioural factors

Previougesearchashighlightedthat sociceconomidactorsinfluencelifestyleandbehaviourand
that better understandinghe associatiorbetweenlifestyle factors(suchasdiet, physicalactivity,
obesity,diet and smoking)and T2DMis important in the preventionand better managementof
diseaseForexample changesn diet and physicahctivityhaveledto anincreasen the prevalence
of obesity,a key risk factor for T2DM(Popkinet al., 2012) Consequentlyhealth educationhasa
keyrole in increasingawarenesof unhealthybehavioursuchas smoking,physicalinactivity,and
poor nutrition, centralto health policiestargetingT2DM(Wray et al., 2006) Physicahctivity, diet
and smokingare significantlifestyle factorsassociatedvith T2DM.Furthermore thesefactorsare
unequallydistributedwithin different sociceconomicgroups(Solarand Irwin, 2007) Urbanisation
isarelatedfactor that leadsto populationchangesn lifestyleand subsequentincreasesn obesity
asdiscussedn Chapter2. Hence,obesityis a key factor directly linkedto the metabolicchanges

underlyingthe developmentof T2DM.

Physicalinactivity is a major risk factor that is known to lead to an increasein the
prevalenceof both obesityand T2DM(Sicreeand Shaw,2007,Guariguateet al.,2014,Conndly et
al.,2000,Hussairet al., 2007, Lidfeldtet al., 2007, Tamaycet al., 2010,Kumariet al., 2004,Espelt
etal.,2011) It hasbeenreportedthat there are highratesof physicainactivityin the MENAregion,
rangingfrom 21.6%- 86.8% with femaleslessactivethan males(Mehio Sibaiet al.,2010) Thereis
therefore a relationship between physicalinactivity and obesity, leadingto an increasein the
prevalenceof T2DM.A commonfactor underlyingthe highprevalenceof obesityamongfemalesin
the GCCcountriesis limited accessto sports facilities, contributing to sedentarylifestyles (AF
Rasheedi2015) A study in Omanevaluatedthe reasonsfor the high prevalenceof obesity and
physicainactivityin the GCQountries(AlLawatiandJousilahti2004) Theauthorshighlightedthat
the increasean obesityin Omanwasrelatedto the oil boomin the early 1980s.Thediscoveryof oil
wasassociatedvith rapid sociceconomiadevelopmentsaandanadoptionof westernlifestylessuch
as: physicalinactivity, dietary changesand smokinghabits. The increasein urbanisationdue to
internal migrationof Omanisfrom rural and agriculturalregionsalsocontributedto anincreasingly

sedentarylifestyle.
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SubsequentlygbesityhasdecreasedsomewhatamongOmanifemalesdueto anincrease
in educationakttainmentandreductionin fertility rates(AFLawatiandJousilahti2004) Thistrend
beganin the 1970s,when culturally driven genderdifferencesin Omanbeganto decreaseln the
early 1970sthe illiteracy rate wasamongOmanifemaleswashigh, fallingto 21.2%by the end of
the decade,howeverstill higherthan the value for Omanimen (15.8%) However,sociccultural
restrictionsapplyingto public facilitiesremainin Oman,with mixed genderexercisefacilitiesless
acessibleto women and womenonly facilities scarceand expensive(AlLawati and Jousilahti,
2004) In addition, cultural norms makeit lessacceptablefor women to walk or exercisealone
outdoors. A Saudistudy by A-Nozhaet al. (2007)reported that 96.1%of adults were phystally
inactiveasdefined usingthe InternationalPhysicalActivity QuestionnairgIPAQ).Thehot climate
in mostregionsmeansthat individualsare lesslikely to participatein physicalactivity, leadingto a
highdependenceon, andculturalacceptancef, caruse- evenfor shortjourneys(AlOthameenet
al.,2007,Al Johaniet al.,2015)

Moreover, obesity is known to be one of the largestcontributorsto both morbidity and
mortality asmeasuredy disabilityaffectedlife years(DALYS|Ezzatet al.,2002) Severaprevious
studieshavehighlightedthe high prevalenceof overweightand obeseindividualswithin the EMR.
Asimilarprevalene of obesitywithin the MENAregionwasconfirmedby (Mehio Sibaiet al.,2010)
Theseauthorsreported obesityratesof 40%amongwomenin oil rich states,muchhigherthanin
Europe(10-20%)andthe United States(32.2%) Controland Prevention,2006,0gdenet al., 2006,
Seidell,2000) In the ArabianGulfregion, sincethe oil discoveryin 1960,the GCCountrieshave
experencedan increasein populationsize,per capitaincomeand total wealth (Nget al., 2011)
Thishasled in turn to anincreasein socialand economicstatus associatedwith major lifestyle
changesAsa result, the growth in unhealthydiet and physicalinactivity are the two main risk

factorsdrivingthe regionalincreasein obesity.

Overd0%of the GC@ountrieshavehighratesof obesity,with prevalencehigherinwomen
(Mehio Sibaiet al.,2010) Theprevalenceof obesityis particularlyhighin SaudiArabia,Kuwaitand
Qatarin the 30- 60 agegroup (70 - 85%in malesand 75 - 88%within females)(Nget al., 2011)
Mehio Sibaiet al. (2010)highlightedthat the prevalenceof diabetesparallelsobesityrates, and
exceed23.0%amongadultsin Bahrain,the UAE,and SaudiArabia.In SaudiArabiaover 50%o0f
femalesare classifiedas obese,one of the highestrates worldwide. Thisis perhapsthe most
significantof the risk factorsassociatedvith the high prevalenceof DM in the Kingdom(EIHazmi,

1998)
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Asmentionedabove diet is widely recognisedasanotherimportant risk factor of T2DM,
asa highintake of carbohydrateandfatsis stronglyassociatedvith obesityandconsequenhigher
risk for T2DM (Hussairet al., 2007, Calixtoand Anaya,2014, Espeltet al., 2011) Poordiet and
obesityduring earlyadulthoodoften resultsin diabetesin later life (Connollyet al.,2000,Sommer
etal.,2015) Suchunhealthydietsbecamemorewidespreadn the MENAcountiesasthey obtained
more caloriesfrom highfat and protein dietsdueto anincreasen the availabilityof meatproducts
(Mehio Sibaiet al., 2010) Theeconomicboom resultingfrom oil productionin Kuwaitand Saudi
Arabiacontributedto this by drivingthe adoptionof a westernlifestyle. Thisis a major factor that
has influenceddietary habits and physicalactivity and driven a declinein production of cereal
products,fruit, andvegetablesThisillustrateshow behaviouraimodificationhasplayeda keyrole

in the nutritional transitionawayfrom a traditional healthydiet.

Increasesn smokingand changesn smokinghabitsare further examplesof behavioural
factorsassociatedvith anincreasen the prevalenceof T2DM(Connollyet al.,2000,Sommeret al.,
2015,Espeltet al., 2011) Thereis a high prevalenceof smokingacrossthe MENAregion (Mehio
Sibaiet al.,2010) whichpeaksat 55.8%n the middle-agedmales.In additionto a highprevalence
of smoking GCQountriessuchasBahrain Kuwait,Qatarandthe UAEsufferfrom similarhighlevels
of physicalinactivity, particularly among females (Mehio Sibaiet al., 2010) In SaudiAraba,
however,the prevalenceof smokingis low comparedto other countriesin the region (DarOdeh
andAbuHammad2011) perhapsbecausehereis greaterawarenes®f the risks.However there
is a highprevalenceof physicainactivityand obesityin the Kingdom both of whichare associated

with highriskof T2DM.

Forcontrolled diabetes,the converseof the role of obesity asa risk factor for controlled
T2DMisthat achievingveightloss(reducedbody massindex)is stronglyassociatedvith control of
diabetes.Uncontrolleddiabetespatientsshowingpoor glycaemiaontrol were more likelyto have
ahighBMlvaluex25in comparisorto cortrolled diabetespatients(Baeet al.,2016,Khattabet al.,
2010,Ajlouniet al.,2008,Costaniaret al., 2014) A studyin Pakistarreported that obesepatients
tended to have irregular meal patterns leadingto body-insulin instability and poor control of
diabetes(Ercanand Kiziltan,2013) Alramadanet al. (2018)reported a high prevalenceof poor

glycaemiaontrol amongpatientswith highwaisthip ratio.
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However other reportsobservedhat bodyweightwasnot associatedvith HbAlcstatusandnoted
that not all high-BMlindividualshad T2DM(Anariet al.,2016,Alramadaret al.,2018) Nonetheless,
the bulk of studiessupportthe inclusionof BMI in evaluationof anA y R A @ heRittidtatus) &
conclusion,most studieshave indicated that sociceconomicinequality can influence health in
generaland prevalenceof T2DMin particular. However,the relationship cannot be explained
without consideringthe significanceof behaviouralrisk factors suchas smoking.Keylifestyle and
behaviouralrisk factors are likely to be unequally distributed among different sociceconomic
groupsin waysthat might be unpredictableandthat might vary betweencountriesin responseto

different culturalnorms.

2.8.4 Socieeconomicfactors

Thissubsectionwill shedlight on the sociceconomicrisk factorsfor the development,diagnosis,
and inadequate control of T2DM to addressthe thesis research questions. Some studies
investigatedthe socieeconomicasfactorsand while others consideredthem asindices.| review
studies that have investigatedthe relationship between sociceconomic factors and T2DM,

particularlythosethat are the focusof this thesis.

2.8.4.1 Socieeconomicfactors and the risk of developing T2DM

Severakesearchstudieson T2DM prevalencecarriedout over the lastthirty yearshaveshowna
significantrelationshipbetweensociceconomidactorsand T2DM .Internationalstudiesinthe USA
and GermanyhavealsoobservedaninverseassociatiorbetweenSE&ndthe prevalenceof T2DM
(Lidfeldt et al., 2007, Reisiget al., 2007) A review of global diabetes prevalenceidentified
populationsizeand currentincomestatusare important factors (Whiting et al.,, 2011) Thisstudy
showedan inverserelationship between diabetesand income status underpinningprojections
showingthat the greatestincreaseof diabetesis likely to be in low-income countries(Whiting et
al.,2011) Anothersystematiaeviewof studiesexamininghe associatiorbetweensociceconomic
factorsand T2DMincidencein Europeconcludedthat there wasan inverserelationshipbetween
SE&nddiabetes(Espeltet al.,2011) However the influenceof this associatiorwasmore marked
in womenthanin men,with respectto both prevalenceandmortality. In addition, sociceconomic

factorsare more associatedvith diabetesamongmiddle-agedgroups(40¢ 69 years).
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Previouspublishedstudieshighlightthat the effect of sociceconomicfactors on diabetes
prevalenceare conditionedby the incomelevel of the country where the study was conducted.
Somestudiesshowedan inverserelationshipbetween sociceconomicfactors (educationlevel,
occupationstatusand incomestatus)and T2DM.Forexanple, crosssectionalstudiesattempted
to identify the mainrisk factorsbehindthe high prevalenceof T2DMin the MENAregion (Ajlouni
et al., 2008, Costaniaret al., 2014) Onepoint to emergefrom these studieswas high-educated
individualswere lesslikely to have diabetescomparedto low-educatedindividuals(Hwangand
Shon2014,Suetal.,2016) Thismightbebecausdetter educationandfinancialresourcesesulted
in improvedaccesgo health care. Additionally,divorcedor widowed individualswere more likely
to be diabetic (Costaniaret al., 2014) Theoddsof havingdiabetesincreasedwith obesityand a
family history of diabetes Converselyiwo studiesin India and Bangladestound that high SES
individualshad a higher prevalenceof diabetescomparedwith low SESndividuals(Corsiand
Subramanian,2012, Rahmanet al., 2015) This implies that the associationbetween socio

economicfactorsanddiabetescoulddiffer basedon countryincomelevel.

Supportingthe findings of Ajlouni and Costanian, Rabiet al. (2006) investigatedthe
associatiorbetweenincomestatusand T2DMin CanadaTheauthorsfound aninverseassiation
between diabetesand income status. This associationwas more obviousin femaleswith low-
income status even after correctingfor BMI and physicalactivity (Winklebyand Cubbin,2003)
Existingliterature examiningthe relationshipbetween sociceconomicfactors and diabetesalso
focusedon gerder differences.Theresultsbroadlyindicatethat femalesshowa strongerinverse
associatiorbetweensociceconomicfactorsand T2DM,particularlyin the middle-agedgroupsin
SpainSwedenGermanyandltaly (Agardhet al.,2007,Ickset al.,2007,Gnaviet al.,2008,Larranaga
et al., 2005) A Finnishstudy evaluatedthat the associatiorbetweenincomestatusand diabetes
wasmost noticeablein the poorestwomenandrichestmen agedfor thoseaged70 yearsor over

(Hiltunen,2005)

A Koreanstudyto evaluatethe relationshipbetweenthe prevalenceof diabetesand SES
basedon householdincomeand educationallevel (Kimet al., 2015) found that the relationship
betweeneducationallevel and diabeteswas significantin both unadjustedand adjustedmodels.
Additionally,this associationwas more obviousamongfemalesagedover 30, but againindicated
that femaleswith low SESre more likely to be diabeticthan comparablemales.Similarly,Collier
et al. (2015)investigatedgenderrelated differencesin the relationshipbetween socio-economic
factors and T2DMin Scotland,and showed an inverse associationbetween the prevalenceof

diabetesandlevelof deprivation(asa measureof SESjor women (Anderseret al., 2008)
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Intermsof individualoccupationstatus,individualswith highoccupationaktatushavealower risk
of diabetescomparedto low occupationstatusindividualsin Japanand US(Nagayaet al., 2006,
Kumariet al., 2004) A USpopulation-basedepidemiologicalstudy found a similar relationship
amongwomen (Robbinset al., 2005) Similarto the findingsfrom the diabetesincidencestudies,
prevalencestudies also reveal an inverse associationbetween occupationstatus and diabetes
(Agardhet al.,2004,Lawloret al.,2007,Geyeret al.,2004)

With regardto the GCQegion,limited studieshaveinvestigatedthe associatiorbetween
sociaeconomicfactors and the prevalenceof T2DM. Three such studies used educationlevel,
marital status, and occupation.Two of these observedthat educationlevel, family history and
parity areassociatedvith prevalenceof diabetes(AFMoosaet al.,2006,AF-MahroosandMcKeigue,
1998) Thesdindingsarein line with two Saudsstudiesshowingthat low-educatedindividualshave
a higher prevalenceof diabetesin Easternregion and Jeddahcity, Westernregion (Murad et al.,
2014,AlBaghliet al.,2010) Theseresultsindicatethat the high-riskgroupsfor diabeteswerefirst-
degreerelativesof diabetics those who are or were previouslymarried, the unemployed,and
homemakeronalow monthlyincome.Additionally,one studyarguedthat urbanisatiorlevelcould
be an important factor related to diabetesprevalence(AFMoosaet al., 2006) Urbanresidences
have higher prevalenceof diabetesthan rural residencesn Omanand SaudiArabia¢ ! £ b dzI A
1997 AFNozhaet al.,2004,! f 11w dzét &.)201Y) Studiesconductedn Scotlandand Spairfound
that individualswho lived in deprivedareashad higher prevalenceof diabetes(Evanst al., 2000,
Larranagaet al., 2005) Thisevidencegives anindicationthat the urbanisationlevel of the placeof

residencecanbe significantlyrelatedto T2DMprevalence.

In an Omanistudy, the odds of havingdiabeteswere increasedin individualswho were
married,of advancecdhge,or who hadhighwaistcircumferenceTheauthorsin this studyproposed
that low-educatedindividualswere lesslikelyto be awareof diabetesandits riskfactors(AFMoosa
et al.,2006) Keyfactorsbehindvariationin the prevalenceof diabeteswere differencesin physical
activityanddietary patternsandinternalmigrationfrom rural to urbanregions.Theseactorswere
driven by rapid sociceconomic growth in Oman that had contributed to an increaseof car
ownership,smokingand consumption of foodshighin fat and calories(AFMoosaet al.,2006) This
study indicatesthat sociceconomicfactors and urbanisationlevel are likely to be important

determinantsof diabetesriskacrosshe GCGegion.
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Theauthorsdemonstratedthat the strengthof the associatiorbetweenSE&nd diabetes
was highly sensitiveto adjustment for obesity, smoking habits, and healthcare access.This
highlightsthe importance of behaviouraland health care accessfactors as contributors to the
associationbetween sociceconomicfactors and diabetes. Most studies discussedabove have
shown that high SESndividualswere lesslikely to be obeseand more likely to have a healthy
lifestyle. Thesefactorswill be discussedn more detail in the following sections.Additionally,the
abovefindingsstronglysuggesthat sociceconomicfactorsare important secondaryrisk factors
contributingto the increasingorevalenceof diabetesandrelated outcomes.Toconclude previous
studiesindicatedthat sociceconomicfactorsare important contributorsto the risk of developing
diabetes.It appeargthat the developmentof T2DMis associatedvith sociceconomicstatus(SES)
irrespectiveof whetherit is measuredoy educationlevel,occupationstatusor income.In the next
section, | critically evaluatethe associatiorbetween sociceconomicrisk factorsand diagnosisof

T2DM,a keychallengein managinghe conditionto improveoutcomes.

2.8.4.2 Socieeconomicfactors and the risk of late diagnosis of T2DM

The prevalenceof diagnosedT2DMis high amongindividualswith low SESplder people,andin
some ethnic groups. However, few studies have investigatedthe associationbetween socic
economic factors and undiagnosedT2DM, defined as individualswith no previous history of
diabeteswho are found to havehighblood sugarlevelin a populationsurvey.UndiagnosedM is
a major publichealthissue,asit contributesto the developmentof morbidity and the associated
personalandsocietalcosts.Theearlyscreennganddetectionof diabetesisthereforeahighpriority
(Wilder et al., 2005) Globaly the prevalenceof undiagnoseddiabeteshas been estimated by
analysinghe resultsof blood glucosetestscarriedout in the courseof nationalnutrition or health
surveys(seeWilder 2005, Beagley2014).Undiagnosedl 2DMaccountsfor nearly 50%o0f the 34
million people currently affectedwith diabetesin the EMRregion (Majeedet al., 2014) Further
investigationsare therefore urgentlyneededto identify the major causedehindthis highlevelsof
undiagnosediiabetes.Mehio Sibaiet al. (2010)carriedout a review of studieson CVDrisk factors
in the MENARegionand reported that there is high proportion of undiagnoseddiabetes. In
particular,theyidentifiedthat at 27.9% SaudiArabiahadthe highestrate of undiagnosedliabetes
in the region. Thus, individualswere not aware of their diabetes,despite the accessibilityof

healthcareservices.
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Supportingthis view, ! £ 1t[ letgal. (R002) found that two-thirds of diabeticswere
undiagnosedand unaware of their condition in the Omanipopulation. However, high-income
MENAcountrieshave a lower proportion of undiagnoseddiabetesthan low and middle-income
countriesin MENA(Majeedet al.,2014) In addition,acrosghe whole region,manypeopleare still
unawareof diabetesand its complicationsand routine screenings largelyabsent(Majeedet al.,
2014) It is therefore important that future studies shouldinvestigatethe factors contributingto
the highprevalenceof undiagnosedM in SaudiArabia.Previousesearchby Robbinset al. (2005)
andWilderet al. (2005)indicatedthat high SE$ndividualsare more likelyto be diagnosedvith DM
than low SESndividuals.However,Wilder pointed out that it isimportant to considerhousehold
income and health insuranceas factors when analysingthe relationship between diagnosed
diabetesandsociceconomidactors.Forinstance Clarkand Utz (2014)clearlyillustratedthat high
educatedindividualsin the USAare morelikelyto participatein healthcareservicesandadhereto
a healthylifestyle. Asaresult,low SESndividualswere both more likelyto haveDM andlesslikely

to bediagnosed.

Astudyinvestigatinghe prevalenceandriskfactorsfor T2DMin Qatarfoundthat the most
significantfactorsassociatedvith diagnosedl 2DMwere low-educationallevel,high BMI,a family
historyof diabetes highcholesterolandoccupation(Beneret al.,2009) Significantlythe studyalso
noted that in over half of the individualswith T2DM,the diseasewas undiagnosedIt shouldbe
noted, however,that the stronginverseassociatiorbetweeneducationlevel and agein the GCC
regionmeansthat diagnosedndividualsare more likelyto be low-educatedor illiterate compared
to undiagnosedindividuals(Beneret al., 2009) Similarly,Ajlouni et al. (2008) investigatedthe
prevalenceof T2DMand its associatedfactorsin Jordan.The study found that only 25%of the
subjectswith functional diabetes were aware of their condition. Males were lesslikely to be

diagnosedwith diabetesearlyand mostdiabeticmaleswere youngerthan 50 yearsold.

Aglobalreviewof diabetesepidemiologySicreeand Shaw(2007)concludedthat individuals
living in urban areasare more likely to be diagnosedwith diabetesthan those are livingin rural
areas A previousSaudstudyfoundthat femalesaremorelikelyto be diagnosedvith T2DMin both
ruralandurbanareaso ! f 1 b1887)AOviepossibleexplanationof this findingmight be provided
by astudyshowingthat peoplelivingin disadvantagedreasin Canadaarelesslikelyto haveroutine

blood or urine glucosetests(Tanget al.,2003)
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Arecentstudy showedthat generallythe prevalenceof undiagnosediiabetesis lower in
highrincomecountriesdue to the better quality of healthcare howeverthis protection might not
extendto individualswho are living in rural areas,who canalsosuffer from a high prevalenceof
undiagnoseddiabetes(Beagleyet al., 2014) Thisresults from regional variatiors in healthcare
quality, showing that a high prevalenceof undiagnosediiabetescanoccurevenin a highiincome
country. Thisperspectivewasdiscussedn Chapter2 and highlightsthe importanceof urbanisation

levelasafactor influencingthe diagnosiof diabetes.

In conclusionundiagnoseddiabetesis now a significantpublic healthissue.Reducinghe
burdenof T2DMis a nationalpriority and shouldbe highon the policyagendain SaudiArabia.One
important componentof a strategyto the tackle the problem will be population screenng of
individualsto ensureearly detection of diabetes(Clarkand Utz, 2014, Wilder et al., 2005) The
efficienttargetingof resourcesn suchascreeninggrogrammewill requirethe useof risk scoresin
clinicalpractice,particularlyin high-risk diabetescountriesas SaudiArabia.In Chapter7, | review

diabetesrisk scoremodelsfor undiagnoseddiabetesandriskfactorsin more detail.
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Country income | Setting and Design and Socieeconomic T2DM Exposure measures used to adjust Summary ofkey findings or association Methods Sex and age
level data sample size factors Outcome measure model estimates groups
collection
year
GCC countries
Abdella et al. Kuwait Crosssectional --- Measured Age, BMI, Systolic blood pressure, The prevalence of DM=14.8%, a strong | Multiple regression F3sS x
(1998) (1995) N=3,003 diastolic blood pressure, cholesterol, association between DM arage, obesity, analysis and
triglycerides, parental history of diabete;  family history, hypertension, cholesterol, | multivariate linear Males and
triglycerides, and parental history regression analysis females
Lt gl Oman Crosssectional --- Measured Age, sex and residence place. The prevalence of DM= 16%, high plemae | Two-sample ttest F3sS x
(2002) (2000) N=5,838 in urban, and males. Men =16%; Males and
women=15.4% females
AlMahroos and Bahrain Crosssectional Educational level Measured Family history of diabetesholesterol, | High prevalence of diabetes in leeducated, | Multivariate logistic (40-69)
McKeigue (1998) (1991) N=2,128 waist circumference, ethnicity, BMI, family history, high parity in women. regression analysis
physical activity. Males and
females
Al-Moosa et al. Oman Crosssectional Marital status Measured Age, residence, waist circumference, The prevalence was 17.7% in Muscat Multiple logistic F3asS x
(2006) (2000) N=7,179 systolic blood pressure. compared to rural 10.5%. Urban area OR= regression
Educational level (1.4¢ 2.1); rural area OR=0.6 (0;4.9). Males and
Education related to the prevaiee of females
diabetes.
Bener et al. (2009) Qatar (2007| Crosssectional Educational level Measured Age, family history of diabetes, BMI, | The prevalence was 16.7%; 53.2% in Qat Multiple logistic (20-59)
-2008) N=1,434 Occupation physicalctivity, smoking habits, meals| women and 31.2% in Qatari men. The DM regression nationals
status per day. was related to obesity, HTN, smoking and Males and
family history. females
Saadi et al. (2007) UAE (2005 | Random sarple --- Measured Age, BMI, waist circumference, The prevalence of DM = 10.2%. Only age § Logistic regression | Females and
2006) in AFAin city hypertension. BMI. analysis males
N=2,396 . 20K
High-income
Ezeamama et al. USA Cohort Educational level Selfreported Age, sex, smoking status and-un Inverse association with SES Multivariate logistic 25¢ 58
(2006) 4-year N=1,289 employment. regression Not
follow-up combined
gender
Kumari et al. United Cohort Occupation Selfreported Age, followup length, ethnicity, diabetes Occupation status showed an inverse Cox regression Males
(2004) Kingdom status family history, height, BMI, systolic bloo! association with DM risk. analysis (35-55)
(19851999) N=10,308 pressure, smoking status
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Table 2.9Summary obociceconomicfactors and T2DM published studies in the GCC and different income levels countries

Country income level Setting and Design and Sociceconomic T2DM Exposure measures used Summary of key findings or association estimateg Methods Sex and age
data collection | sample size factors Outcome adjust model groups
year measure
High-income
Nagaya et al. (2006) | Japan (1988 Cohort Occupation status Measured Age,sex,and survey year High occupation status has lower risk of diabetg | 2EQA Males (30 49)
1991) N=5,130 Age, BMI, drinking, smoking incidence 6 being diabetic compared to low proportional
status, physicaactivity,and occupation status. Hazard models
educational level
Robbins et al. (2005) USA Cdort Educational level, | Medical records Low diabetes incidence with high income and /| 2EQa Males (29-84)
(1971¢ 1992) N=11,069 income,and education. No inverse association between Proportional
occupation diabetes incidence and occupation status. hazard models | Females (2984)
Su et al. (2016) China Cross Educational level Measured Sex, Age, ethnicity, medical Higher educated level associated with higher Multilevel Males and females|
(20132014) sectional services accessibility, annual awareness, treatment, adhere medications ang logistc 38 6x
N=5,532 household income Y2YAG2NAY3 2F o6f22R 3 regression
socieeconomicfactors, but contextual SE factors
Tang et al. (2003) Canada Cross Education Selfreported Age, sex, residence, BMI, physiq The prevalence of DM increases with decreasiif Multiple logistic | Males and females|
(1996¢ 1997) sectional attainment and activity income and education in both females and malg regression F3S 6x
N=39,021 income adequacy The prevalence of DM: 6.6% in men and 5.5% Not combined
women.
Hwang and Shon Korea Cross Education level Selfreported, Age, sex, marital status, region High prevalence of diabetes mellitus in low Logistic Combined and not
(2014) (2010¢ 2012) sectional income measured and | house ownership, BMI, physica educated and income status individuals. regression combined models
N=14,330 diagnosed activity, smoking status, alcohol analysis for males and
consumption. FSYIFfSaAT
Evans et al. (2000) Scotland Cross Deprivation index | Register records Age Higher prevalence of diabetes among deprive: Logistic 35+
(1993) sectional pre-diagnosed areas. regression Men and women
(N=366,849) (jointly)
Espelt et al. (2008) 10 European Cross Education level Selfreported Age The SEP inequalities obsens@gher in women Poisson 30¢ 64 years
countries sectional than men in some countries. regression Men and women
(2000) (N=137,636) model for DM (separately)
mortality
Logbinomial
modelfor DM
morbidity
Geyer et al. (2004) Germany Cross Occupation status Hospital Age and sex There is aelationship between occupation and Logistic 20+
(1995) sectional records, DM. regression Men and women
(N= medication,and (separately)
124,151) anti-diabetic
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Country income level Setting and Design and Sociceconomic T2DM Exposure measures used to Summary of keyindings or association Methods Sex and age groups
data collection sample size factors Outcome adjust model estimates
year measure
High-income
Agardh et al. (2004) Sweden Crosssectional | Occupation status | Measured (OGTT| Age, BMI, smoking, activity, | There is a relationship betweetcupation Multiple logistic 35¢ 56 years
(19921994) (N =8,108) family history,coherence and DM (higher in women). regression Men and women
(1996¢ 1998) sense, decisiomaking at work (separately)
Escolar (2009) Spain Crosssectional Selfperceived Selfreported Age, BMI, physical activity | Only women with economic difficulties wa Regression 16 years and over
(2003) (N=6,708) economic difficulties significantly associated with diabetes, eve| analysis Women andmen.
after adjusted by BMI and activity.
Hiltunen (2005) Finland Crosssectional Education, Diabetes age, marital status Income only associated with DM (highest| Logistic regression 70+
(2991) (N=379) occupation, income,| treatment and income men and loweshcome women). Womenand men
and economic status OGTT
Lawlor et al. (2007) United Crosssectional Adult: education, Diagnosed: self Age, smoking, BMI, activity, | Education and occupation associated witf Logistic regression 60 to 79 years
Kingdom (N=4,277) occupation. reported waisthip ratio, blood pressure| diagnosed M, and no differences for women
(1999¢ 2001) /| KAf RK2 2 R| Undiagnosed: undiagnosed DM.
occupation, Glucose plasma
household amenities| test
Larranaga et al. (2005] Spain Crosssectional Area deprivation Medical records Age SEP inequalities associated with T2DM al Logistic regression 24 +
(2000) (N =65,651) index observed among woen than men. Men and women
(separately)
Gnavi et al. (2008) Italy Crosssectional | Education level and| Individuals with Age There is relationship between diabetes an| Loglinear models Men and women
(2003) (N=897,743) income diabetes,medical SEP and higher within women and (separately) age 20+
and hospital individuals aged <65 years old.
registers
Andersen et al. (2008) United Crosssectional Deprivation index Selfreported Smoking, age, activity, obesity There is a relationship between T2DM an Regression Women aged 6079
Kingdom (23 (N=4,286) Individual lifecourse | Medical records waisthip ratio, cholesterol deprivation level even after adjusted with analysis
towns) SEP level, triglycerides, and individual lifecourse SEP.
(1999¢ 2001) hypertension.
Agardh et al. (2007) Stockholm Crosssectional | Education level and OGTT Physical activity, smoking CliKSNDa 2 00dzLJ (A 2| Logistic regressiol  Men and women
(1996¢ 1998) (N =7,949) occupation¥ | {i K Measured status, BMIfamily history of | diabetes, occupation status associated wi (separatédy)
occupation diabetes, coherence sense, DM for both sexes, education level 35-56
decisionmaking at work appeared in women only.
Icks et al. (2007) Germany Crosssectional Education level Selfreported Age and BMI The relationship between educati and Multiple logistic Men and women
(1992¢ 1998) | (N =7,466 and diabetes appeared only among women. regression (separately)
5,583) 25¢ 69
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Table 2.9Summary obociceconomicfactors andT2DMpublished studies in the GCC and different income levels countries

groups.

Country income level Setting and Design and Sociceconomic T2DM Exposure measures used to adjustf  Summary of keyindings or association Methods Sex and age
data collection sample size factors Outcome model estimates groups
year measure
High-income
Wandell and Gafvels Sweden Crosssectional SEP Electronic Sex High prevalence of diabetes among Logistic regressior] Men and women
(2004) (2001) (N =72,347) records deprivation areas. (separately)
35-64
Connolly et al. (2000) United Crosssectional Deprivation index WHO criteria Interactions with age and sex The prevalence DM inversely associated Whole
Kingdom (N =285,157) with deprivation index population
(1994) Men and women
(jointly)
Middle-income
Ajlouni et al. (2008) Jordan Crosssectional Educational level Measured Age, sex, BMI, family history of The prevalence of DM = 17.1% and 54% Multiple logistic 138 06 x
(2004) N=1,121 diabetes uncontrolled diabetes. Higher level of regression Males and
education was associated with a decrease females
the odds of having diabetes.
Corsi and Subramanial India Crosssectional Educatimal level Selfreported | Age, sex, marital status, religion, BNV Highest SES group appear to be at greatd Multilevel logistic | Females (1819)
(2012) (2005- 2006) N=168,135 Household wealth residence risk for diabetesThere is substantial regression models| Males (18 54)
Social caste geographic heterogeneity in the prevalenc
of DM.
Costanian et al. (2014) Lebanon Crosssectional Marital status Selfreported Age, sex, insurance coverage, The prevalence of DM was 8.5%. Males, Logistic regressior] 1'3S ox
(2008- 2009) N=2,195 Educational level smoking status, alcohol consumptiorl  high-educated, olderagegroupsmarried analysis Males and
physical activity, BMI, family history|  found controlled diabetes compared to females
of diabetes others.
Low-income
Rahman et al. (2015) Bangladesh Crosssectional | Employment status Measured Age, sex, residence place, family si The prevalence of DM = 10.8%; 7.2% in Iq Multivariate Females and
Marital status number of adults in the household | SES, and 17.9% in high ESE. The prevalg logistic regression males
6K2 6SNB x opZ & ofDMwasmore prevalentamong high SE 138 06x
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2.8.4.3 Socieeconomicassociations with inadequate control of T2DM

Todate, mostresearchinto T2DMtreatment hasfocusedon better waysto managehighlevelsof
blood glucose.However,it could be arguedthat this shouldbe complementedby an increased
emphasionunderstandinghe sociceconomidactorsbehindthe highprevalenceof undiagnosed
anduncontrolledT2DM.Thissectionwill reviewstudiesthat investigatedthe associatiorbetween
sociceconomicfactors and the prevalenceof uncontrolled diabetes. Subjectswith controlled
diabetesare typicallydefinedasindividualswho are awareof their diagnosidut who haveHbAlc
< 7.0%.With regardto sociceconomicfactors,in high-income countries,individualsin low SES
groups were more likely to have uncontrolled T2DM (Fisheret al., 2010) Other studies also
observedthat individualsin high SEQjroupsare more likely to have controlled diabetes(Biet al.,
2010, Houle et al., 2016, Alramadanet al., 2018, Al-Baghliet al., 2010) 5 Q{ 2edzil.|(2015)
however, reported that in Oman, high educated individuals (i.e. who had completed
diploma/technicallshowedpoorerglycaemiaontrol comparedto low educateddiabetics(i.e. only
completed high schoolor lower). This Omani study also observedthat interventionsinvolving

empowermentand selfmanagemenincreasedhe likelihoodof goodglycaemiaontrol.

Empowermentievelis anothersignificantfactor associatedvith educationlevel (Tolet al.,
2013) Aspreviouslydiscussededucationlevelis associatedvith individualsbetter understandiny
their conditionandachievingmprovedglycaemiaontrol. Other studiesobservedthat approaches
basedon empowermentcontributed to improve selfmanagementamongT2DMpatients (Tolet
al., 2013, Schmuhlet al., 2014, Pulvirentiet al., 2014) Thisapproach has been evaluatedin a
randomised/controllectlinicaltrial and shownto improveselfmanagementndglycaemicontrol
(Chenet al., 2015) In conclusiontherefore, educationlevel is an important factor affectingthe
controlof T2DMandlow educationisariskfactor for uncontrolleddiabetes Howeverseverabther
studiesreported that low-educatedindividualswere more likely to have uncontrolled diabetes
(Khattabet al.,2010,Ajlouniet al.,2008,Costaniaret al., 2014) two UAEstudiesdid not find any
associationbetween educationlevel and glycaemiccontrol (AFKaabiet al., 2008, A-Kaabiet al.,
2009) Two Saudistudieshaveinvestigatedthe sociceconomicriskfactorsof inadequatediabetes
control. Thefirst studyin the Eastermrovinceobservedetter glycaemicontrolamongindividuals
who were singleand thosein professionalemploymentcomparedto those who were widowed,
poor and selfemployed(AFBaghliet al., 2010) Thisstudy alsoobservedbetter glycaemiacontrol

in urbanareascomparedto rural areas.
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A more recent Saudistudy Alramadanet al. (2018) investigatedthe risk factors of
inadequate control among T2DM patients in three cities (Riyadh,Jeddah,and AlHofuf). This
revealed poor glycaemiccontrol among patients living in remote areas, housewivesand the
unemployed. Glycaemic control was not associatedwith nationality, income, and region
(Alramadaret al., 2018) howeverthesethree cities are classifiedas advantagedareasin SA.To
conclude individualswith low SE&remore likelyto haveuncontrolleddiabetescomparedto high
SE$hdividuals One reasonfor this is presumablythat low-incomeindividualsare lesslikelyto have
accessto advancedhealth care servicesand routine screeningfor diabeteswithin health care

centres.

Suchvariationsin healthcareservicesprovision, together with differencesin accessto
healthy food and exercise facilities highlight the importance of sociceconomic factors in
understandinguncontrolleddiabetes(Stringhiniet al., 2012) Theseauthorsarguedfor managing
T2DMin awider context,asthey concludedthat modifiablerisk factorssuchasobesityand health
behavioursaccountfor about half the differencein T2DMprevalencebetweengroupswith high
and low SESA systematiaeview by Grintsovaet al. (2014)noted that individualSESould affect
adherenceto treatment as well as healthcareaccess.The authors observedthat the quality of
diabetescare servicesvasassociatedvith SESasserviceswvere usuallyworsein deprivedareas.
Theyconcludedthat it wasimportant to considerdifferencesat the levelof the individualaswell
asregionalprovision.Assessin@ESt the individuallevel highlighs problemssuchaspoor social
support(Grintsoveaet al.,2014) Atthe sametime, it isimportant to identify differencesin resource

availablity betweenregions for examplethe availabilityof specialiseghysicians.

Additionally, most medical studies have focusedon investigatingthe individual socic
economicfactorsthat leadto better sdf-managemenbf DM (Clarkand Utz,2014) Theseauthors
argue that this narrow focus neglectswider factors such as environmentalfactors and cultural
conditions, accessto health care, education, employment, community, and social support.
However,a2011reviewconsideedthat the quality of healthcareservcesandblood sugarcontrol
werethe mostimportant factorsinfluencingthe associatiorbetweendiabetesmortality andsocio
economidactors(Espeletal.,2011) Inthe nextsection,| reviewstudiesexamininghe association
between diabetesoutcomesand non-modifiable risk factors suchas age, gender, ethnicity, and

family history.
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In summary,studies have used various measuresof SESuchas educationstatus and
occupationstatus separatelyor combinedasadulthood sociceconomicstatus,deprivationindex
by geographicalocation, ¥ I (i Ko&Ndatiénto define childhoodsocioeconomicstatus, marital
status,simpleemploymentstatus,incomestatusandhouseholdncomestatus.Theprevioustable
is a summaryof T2DM and socioeconomicfactors studiesin GCCcountriesand international
comparatorcountrieswith differentincomelevels(Table2.9). Ofallthe sociceconomidndicators,
educationlevel was the most commonly observedand significantin terms of associationwith
diabetes However educationlevelisessentiallyffixedat adulthood,it couldimpacton healthstatus
in later life. Furthermore educationlevelswithin alargebirth cohortmightdiffer dependingon the
ageof the subjectgeflectingeconomicdevelopmentinthisthesis,| haveusedboth measuredand
seltreported outcomesasan inclusivemeasureof diabetesstatusto examinethe associatiorwith
SES.choseeducationlevelasthe primarysociceconomidactorbasedon areviewof the literature

andits availabilityin the dataset.

2.8.5 Environmental and community factors

Inthis section,| discusghe impactof environmentalfactorssuchasclimateand geographyon the
prevalenceof diabetes.In a review of the impact of SESn autoimmune diseasegCalixtoand
Anaya2014) the authorsexplainthat environmentalfactorsareimportant determinantsof health
outcomesin different populations.They note that geographicalifferences,local cultures, and
mobility are significantdeterminantsof health that should be taken into consideration.Some
environmentalfactors interact with sociaultural barriers. For example,a lack of public exercise
facilities,hot climateandthe restrictionof employmentopportunitiesfor womencould contribute
to high prevalenceof diabetesin the wider MENAregionandthe GCQegionin particular(Mehio
Sibaiet al., 2010) Thus,environmentalfactors should be regardedas significantrisk factors for
T2DMand SaudiArabia. The absenceof an appropriateenvironmentfor female physicalactivity

contributesto the highprevalenceof obesity.
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Thiseffectis compoundedby nutritional changescausedby a lackof healthyfood shopscoupled
with readyaccesdo fastfood. We needa more detailedunderstandingof the associatiorbetween
healthand SE¥ we areto addresshe problemof T2IM in SaudiArabia.Thisperspectivebringsa
focuson keyissuessuchasquality of health servicestransportation,and accesso healthyfood.
Forexample the influenceof inequalityon health outcomesmight reflect a critical lackof human
resourcedn the health caresystem.Brownet al. (2004)and Sommeret al. (2015)note that SESs
a surrogate measurereflecting the quality and availability of healthcare servicesin different

regions,coupledwith accesgo transportationandexercisfacilities.

The effect of regionalvariationor individualplaceof residenceon diabetesoutcomesboth
reflected and provided evidencethat the diversity of sociceconomicstatus between regions
reflects disparitiesin accessto and/or quality of resourcessuch as healthcareand educational
institutions. Thisinequalitydrivesdifferencesn healthoutcomeshetweenindividuals Theprevious
section evaluatedthe associationbetween sociceconomicfactors and T2DM, independent of
demographicifestyle, health care accessand selfcare factors. As previouslydiscussedseveral
studiessupporteducationlevelasthe mostimportant sociceconomicrisk factor for T2DM.Other
significant contributory risk factors are occupation status, employment status and household
income. Here, | presentan overview of the socialdeterminantsof health and health inequality
theoriesto highlightthe importanceof the associatiorbetween sociceconomicrisk factorsand
health outcomes.| then synthesisethis analysisinto a frameworkto guide the methodologyfor

analyticalchapters.

2.9 Summarising the literature review: Conceptual and analytical

frameworks

Overallmy reviewof the evidenceshowsthat little isknownaboutthe associatiorbetweensocic
economicfactorsand T2DMin the SaudiArabiancontext. Educationlevel, employment/working
statusand monthly householdincomeare the availablesocioeconoric factorsin our dataset.Of
these,| choseto focuson educationlevel asthe primary sociceconomicfactor in my analysisas
educationalattainmentlevelshaveincreasedsignificantlyover recentdecadesn the country (see
section3.3.3in the following chapter).l hypothesisedhat the increaseof educationalattainment

couldbe associatedvith the prevalencediagnosisand controlled T2DM.
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However,| also used employment/workingstatus and monthly householdincome as secondary
sociaeconomicpredidors. In addition,genderis a strongmaodifier of the riskassociatedvith most
sociceconomicfactorsandtherefore a keyvariableto includein anyanalysisThefollowingtable

summarisesll the possiblerisk factorsthat | identified from the literature.

Demographidactors Age,sex,marital status.

Socieeconomicfactors Educationevel,occupationstatus,employmentstatus,incomestatus,householdfamily

Environmentaland
Communityfactors

Geneticfactors

Medicalfactors

Lifestylefactors

Socioecultural factors

sized,annualhouseholdincome.

Administrativeregion,residenceplace(urbanisatior), Weatherconditions,geographical
location,insufficientmobility, availabilityof publicandwalkingplacesaccesgo exercise
facilitiesand healthyfood shops.

Familyhistory of diabetes,and ethnicity.

Waistratio circumferencepbesity(Bodymassindex),hypertensioncholesterollevel,and
triglycerides.

Physicahctivity, diet, meal per day,and smokinghabit.

Sociahorms,traditionsand supportfactors,religiousbeliefs,empowermentlevelthat effect
on lifestyleand behaviour.

Healthcareaccess Insurancecoverageaccessibilito medicalservicesroutine checkup, andvisitfor manage
factors diabetes.
Selfcarebehavioural Testblood sugarat home,lossweight (BMI),prescribeddiet, and physicakctivity.
factors
Selfcarefactors Useof medications/anti-diabetic,andinsulin.

It is aninescapabldact that the high prevalenceof T2DMin SaudiArabiais related to socio
economic change.|l decidedto investigatethis associationin more detail by applying three
frameworksbasedon my review of the literature relating to the risk factors for three different
outcome measures.Theseframeworksaddressthe four main sets of factors known to play an
important role in the developmentof T2DMandthat are availableasvariablesn the SHISlataset.
Theseare demographiclifestyle,health careaccessaind selfcarefactors.In this section,| present
the conceptualframeworksthat | developedafter reviewingthe literature and previousanalytical
approaches Basedon the discussionpresentedabove,the prevalenceof diabetesis primarily
dependenton demogaphic,community,and lifestyle factors. Asan outcome, | considerT2DMat
three differentlevels:prevalencgwhetheranindividualhasuncontrolledbloodglucose)diagnosis
(whether or not an individual has receiveda diagnosisof diabetes);and control (whether an

individualtreated for diabeteshasregainedcontrol of blood glucosedevels).
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Theseoutcomesare influencedby multiple factorsthat associatewith eachother. Thefirst
framework (Figure 2.7) showsthe proposed relationship between educatian level and overall
prevalenceof T2DM (whether diagnosedor undiagnosed).The primary factors - those that
contribute directly to the prevalenceof T2DM- are generallygroupedinto four sets of factors
(geneticslifestyle,obesity,anddemographidactors).In mostcasestwo or more of theseinteract
to influencethe likelihoodand prevalenceof T2DM.Theseprimary factorsare influencedin turn
by secondaryinterdependent factors such as education level, geographicregion, and socio

economicstatus.

29.1 The prevalence of T2DM framework

Fromthe left-handsideof (Figure2.7), the secondboxindicatehow anindividual'seducationlevel
can be associatedwith the prevalenceof T2DM(Kim et al., 2015)For example,low-educated
individualsare more likely to be diabeticcomparedto high-educatedindividuals.However,this
relationship could be also influenced and associatedwith other factors such as demograptic,
socioeconomiccommunityandlifestylefactors.Forexample the frameworkshowsthat education

levelhasa significantinfluenceon individuallifestyle behaviour.

Thesdifestylefactorsalsoinfluencethe prevalenceof T2DM.Forexample SaudiArabiahasfaced
rapid sociceconomicdevelopmentleadingto an increasinglysedentarylifestyle compoundedby
dietarychangegAlRasheedi, 2015 T hesechangesn turn haveincreasedhe riskof diabetes. For
demographicfactors such as gender, age, and marital status can be considereddetermining
individualdiabetesstatus.Forexampleolder agegroups are more likely to be diabeticcompared
to youngeragegroups(AFRubeaan, 2015Hencethe associatiorbetweeneducationlevelandthe
prevalenceof T2DMvia demographicand lifestyle factorscanleadto differencesin diabetesrisk
status. For instarce, individualsthat are better-educatedand/or younger are lesslikely to be

diabeticthanthosewho are older or educatedto alower level.

Additionally, sociceconomicfactors such as employment status and householdincome have a
significantinfluenceon the associatiorbetweeneducationlevelandthe prevalenceof T2DM.For
example havinga highsocioeconomistatusreducesthe likelihoodof anindividualbeingdiabetic
(Murad et al., 2014, ABaghli et al., 20105imilarassociation®ccurbetweencommunityfactors
(suchas place of residence,urbanisationlevel and region) and lifestyle that further affect the
likelihood of T2DMin individuals.For example,regionaldifferencesin sociceconomiclevel can

affectthe availabilityand quality of health careservicedSommer et al., 2015)
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Geneticfactors also influence the risk of T2DM,with a family history of diseasean important
predictor of risk (Warsy and El Hazmi, 1999)Overall, however, the prevalence T2DM is
multifactorial, although individuallyit might be difficult to detect a direct associationbetween

individualfactorsandindividualrisk. | will addresghis frameworkin more detail in Chapters.

Community . .
Genetic factors famil
7| factors (region) ’ : : Y
B history of diabetes
Y
Socioeconomic Lifestyle ¢
( fa‘cb“ hJ factors (Diet,
employment . .
status, and || Educational physical Obesity Prevalence
household level activity,
income) smoking)
Demographic

factors sex, age and
marital status

Figure2.7 Analytical framework for the relationship between education level and development

T2DM

29.2 The diagnosis of T2DM framework

The secondframework (Figure2.8) representsthe associationbetween educationlevel and the
diagnosisoof T2DM.Thehypothesiss that this is primarily relatedto demographicand community
factors,with a contribution from socioeconomi@nd health careaccesdactors.Asis the casefor
the previousoutcome (the prevalenceof diabetes),a combinationof thesefactorsdeterminethe
likelihoodof individualwith diabetesreceivinga diagnosisForexample basedon my reviewof the
literature, well-educatedindividualsare lesslikely to have undiagnosedliabetes(Robbins et al.,
2005, Wilder et al., 2005 he framework encompassesetsof factorsusedin previousstudies
identified in my review of the literature. Thesewere addedto this framework to explore the

relationshipbetweeneducationleveland diagnosiof T2DM.
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Thefirst set of factors| consideredwere demographicfactors suchas age, sex,and marital
status,all of whichinteractin waysthat could affect the associatiorbetweeneducationlevel and
diagnosisof T2DM.For example,individualsin older agegroupsare more likely to be diagnosed
(Bener et al., 2009and previousliterature suggestghat individualseducatedto a highlevelare
morelikelyto bein the youngeragegroups. Thesemndsetof factorsl consideredvere community
factorssuchasan individuats placeof residenceyegion,and geographicalocation. Thesefactors
affectanindividuatslifestyle,aswellassocioeconomiandhealthcareaccesgactors.Forexample,
individualswho lived in the Southernregion have a higher likelihood of undiagnoseddiabetes
comparedo thosewholivedin Centralregion,reflectingregionaldiversityin socioeconomistatus

in SaudiArabia.

Inaddition,socioeconomifactorscanhaveadirectimpacton the diagnosiof T2DM.Forinstance,
individualswith high SESre more likely to receiveadvancechealth careand are therefore more
likely to have receive a diagnosisof diabetes.Health care accessfactors such as health care
provider, health care facility type and the distancebetween home and health facility have an
additionalinfluenceon the likelihoodof T2DMdiagnosisThesehealthcareaccesdactorsarelikely
to be influencedin turn by socioeconomicand/or community factors, further influenced by
demographioariablesForexample anindividuafis socioeconomicharacteristicglearlyinfluence
their ability to acces$ealthcare.Thiscanoperatedirectly,in termsof accesgo privatehealthcare,
orindirectlyviaeducationalevel. Thesdactorswill befurther influencedby placeof residenceand
regionaldifferencesn healthcareprovision(AlOmar et al., 2018, El Mouzan et al., 20Ir?the end,
it isa combinationof all thesefactorsthat determinethe associatiorbetweeneducationleveland

diagnosiof T2DM.I addresghis frameworkin more detailin Chapterss and?7.
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Healthcare access factors

Health care provider number
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Figure2.8 Analytical framework for the relationship between education level and diagnosis of
T2DM

2.9.3 The controlled of T2DM framework

In the final framework(Figure2.9),| considerthe associatiorbetweeneducationlevelandcontrol
of T2DM. Thisframework extendsthe previoustwo frameworksto considerfactors related to
diabetesmanagementijn particularthe associatiorbetweeneducaion leveland control of T2DM.
Thoughhighlyeducatedindividualswith diabetesare more likelyto achievecontrol of their blood
sugatr,this relationshipcould be influencedby a number of other factors. Thesewere identified
from previousliterature and addedto the framework.Similarly, demographicyegion/community,
andsocioeconomidactorscouldalsohaveaninfluenceon the associatiorbetweeneducationlevel
and control of T2DM.Forexample,individualseducatedto a high levelare more likely to exhibit
selfcare behaviour and have better accessto health care, both of which are important
determinantsof blood glucosecontrol (Fritschi et al., 2017)Additionally,patientsare more likely
to be in control of their blood sugarif they are young, live in an urban area, or have high
socioeonomic status. | therefore included health care accessand seltcare factors to the
framework.Selfcare encompasses a range of behavioural factors, the most important of which are
the ability to test blood sugar at hon{f&hattab et al., 2010}and the motivation to follow a weight

loss programme (BMI) involving a peebed diet and physical activifAlramadan et al., 2018)
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Patients who manage their blood sugar, have a lower BMI, and exhibit better lifestyle behaviours
are more likely to gain control of their blood sugar. These factors are also likely to be affected by
other factors specific to the individual as discussedtffigr first two frameworksTheseinclude
internalfactorsrelatedto individualmotivationandseltcarebehavioursaswell asexternalfactors
suchasquality of healthcareprovisionand prescribingpractices(Espelt et al., 2011Thusthe self
carebehaviourof a patientislikelybeinfluencedbytheir educationlevel,with individualseducated
to alowerlevellesslikelyor lessableto follow diseasemanagemenplans.Asaresult,they areless

likelyto achievecontrol of their blood sugar.

Externahealthcareaccesdactorsarelikelyto be affected by the socioeconomistatusof patients

aswell asregionalfactorsrelatedto policyandeconomicgStringhini et al., 2012, Grintsova et al.,
2014, Clark and Utz, 2014hey include seltare factors such as attendance at routine chapk,

visits for managing diabetes, and use of medication with particular emphasis on access to insulin.
Thisfinal frameworkwill be addressedn more detailin Chaptereight. Overall,| haveappliedthese

three frameworksto the analysisof the availabledatasetsto gaininsightsinto the association
betweenthe three T2DMoutcomemeasuresaindeducationlevel. My resultsusingeachframework

arediscusseseparatelywithin eachof the analyticalChaptery5, 6 and8).

Self-care behaviour factors

Regular menitoring of blood sugar

Adherence to diet, loss weight(BMI)
and physical activity

!

Healthcare access factors

Socioeconomic

factors Routine check-up

lemployment Educational Controlled Diabetes
status, and —» Distance between home and »

househald healthcare facility
+ AA

{

Self-care factors

Y

level diabetes > complications

income) A

Use of medications, insulin

Demographic factors
(sex, age) and marital
status

Community factors
(region)

Figure2.9 Analytical framework for the relationship between education level and inadequate

control of T2DM
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2.1 Conclusion

The epidemic of T2DM is causing major concern in countries across thanwemjiebctive of income

or development levels. The risk of T2DM is noticeably higher in the GCC region, particularly in Saud
Arabia In this chapter, | reviewed the comprehensivditerature relating to trends in diabetes
prevalenceboth globallyand within the MENAand GCQegiors. Thisanalysigevealeda deficitin
researchrelating to the trends and driversof the rapid increasein diabetesprevalencein Saudi
Arabiaand the wider MENA/GCQegions,as most studies of the relationship betweesocio
econonic factors and diabetes have been conducted in European and other Western societies.
However there are few studiesaddressindhow educationleveland sociceconomiccharacteristics
relate to diabetes Dahlgrenand Whiteheadand Marmot underlinethe importanceof reachinga

better understandingf the complexrelationshipbetweengovernmentpolicyandhealthoutcomes
(Dahlgrenand Whitehead, 1991, Marmot and Health,2007) Thisperspectivehasonly undergone
limited investigationin the MENAand GCQegions,despitethe fact that they are undergoinga

period of rapid sociceconomig culturaland political change.

From my review of the literature, | conclude that the variatim diabetes outcomes between
individuals is the result of complex interactions betwesmticeconomi¢ demographic, lifestyle,

and behavioural risk factor#\ better understanding of these interactions and how they drive
increasing T2DM prevalence is urgently required. Only then can we design optimal intervention
strategies to reduce the incidence of T2DM, prevent its complications and minimise the societal
impact. Although there are many pesagviewed studies of the risk factors associated with T2DM in
Saudi Arabia, there remains a gap in research into the association between of T2D3dcamd
economicfactors. In this study, | address this gap by focusinghemssociation betweeaducation

level and the three main diabetes outcomes (prevalence, diagnosis, and control) in four main

analytical chapters.
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3.1 Introduction

In this chapter | discuss background information relating to the Kingdom of Saudi Arabia
divided into four aspects. The first provides a demographic description of the Saudi Arabian
population using indicators such as population growtthanisation,and ife expectancy. | then
consider socieeconomic factors such as educational attainment, employment and lifestyle factors
that are relevant to the high prevalence of diabetes in the GCC region. The third aspect provides an
overview of health care servicesSaudi Arabia, which is followed by a more detailed consideration
of the structure of the health system with particular reference to screening procedures, standards

of care and official diabetes policy.

3.2  Saudi Arabia population

The Kingdom of Saudi Arabimthe largest country in the Arabian Peninsula. It is a-high
income country with a Gross Domestic Product (GDP) per capita of US$24,893 in 2013. Populatior
growth in the Kingdom was 340% between 1974 and 20itQyever there was considerable
variation acoss geographical areas and between national and expatriate populations (Ashwan et
Ff ®dX HAaMHO® 2A0GK (GKS &aSO2yR fFNBSadG 2Af NBacS
one of the main international oil markets and a key member of the Orgaoisatf Petroleum
Exporting Countries (OPEC) (Ashwan et al., 2012). The climate in the Arabian Peninsula is hot an
dry in the summer and mild but wet in the winter, similarttwat of the Mediterranean region

(Almazroui et al., 2012).
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The Kingdom shares borders in the east with the dEar,and Bahrain; in the north with
Irag, Jordan and Kuwait; in the south with Oman and Yemen; and the Red Sea in the west (see
Figure 31). There are 13 administrative regions in Saudi Arabia reguitom a period of rapid
urbanisation and economic growth: -Riyadh and AQaseem in the central region; Makkah,
Madinah and Tabuk in the western region; the Eastern Region; Northern Border, Haitnd il

the north; and Jezan, Aseer, Najran andBétha in the south.
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Figure3.1 Kingdom of Saudi Arabia nfap

Rapid urbanisation has resulted in differences in development between regibieshigh
internal migration of families from rural to urban and urban to urban areas in Saudi Arabia is a key
feature driving the rapid increase in the population of the fourimgities: Riyadh, Medina, Jeddah
and Dhahran. Overall, the proportion of individuals living in urban areas has increased from 46.0%
in 1974 to 81.0% in 200kpweverthis percentage variesetweenadministrative regioa (Khraif,

2007) Another factor is thatthe Makkah region has the highest overseasd anonnational

population due to visiting pilgrim@| Bassam, 2012)

8 https://commons.wikimedia.org/wiki/File:Saudi_Arabia_location_map.svg
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The overall age distribution (irrespective of natidity) also varies significantly across the 13 Saudi
regions as follow’s AtBaha region had the lowest proportion of undks-year olds (22.9%) and-Al

Jouf region had the highest (29.5%). For the 15 up tge&fold age group, the lowest percentage

was observed in Najran and Abuf regions (67.6%) while the Eastern region was highest with
73.7%. The Eastern region had the lowest percentage of individuals aged over 65 (2.3%) with the
highest percentage seen in Al Baha region (5.3#. structures are lbadly the same across the

regions, although some small differences.

The population age distribution for Saudi nationals also varied between regions but showed a
similar pattern. As in the overall population, for individuals aged less than 15 years thst lowe
proportion was seen in Al Baha region (26.5%) and highestlouiregion (36.7%). In the 15 to 64
age group, the lowest percentage was again seen in Najran region (6Ba@8éy,erMakkah region

was now the highest (67.7%For those aged 65 and above, the highest percentage of Saudi

individuals was again in-Blaha region by 6.7%, but it was now lowest in Tabuk region (3.1%).

For the total Saudi population, the age dependency ratio (the number of dependants aged under
15 orover the age of 65 as a proportion of the total population) is lowest in the Eastern region
(36%) and highest in Najran region (48%). Considering Saudi nationals only, the age dependenc
ratio’® was highest in the Alouf region (67%) and lowest in Makkagdgion (48%). The gender
distribution among Saudi nationals is broadly balanced and similar in all regions. There is, however,
a significant difference in the in the gender balance among Saudnationals that is also reflected

in the overall gender digbution.

9 General Authority of Statistics (201&}ps://www.stats.gov.sa/sites/default/files/erdemographie
research2016_2.pdfAccessed March 2020].

10 The agedependency rat
https://www.un.org/esa/sustdev/natlinfo/indicators/methodology_sheets/demographics/dependency_rati

0.pdf
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The Central Department of Statistit€2003) estimated that the total Saudi population grew
from 16.9 millionin 1999 to 22.67 million in 2003 and 27.1 million in 2010. By-20i#4, the
population size of Saudi Arabia was the largasbngGC& countries at 30 millionProjections are
that this growth will continuereaching 39.8 million by 2025 and 54.7 millipeople in 2050
(Almalki et al., 2011 Part of the rapid growth is explained by the highmber of nonnational male
workers Figure 3.2), with non-nationals accounting for 32.4% of the total population in 2014
according to the National Institute of Statisti¢Sgure3.3). This also explains the preponderance

of malesin thetotal adult popuhtion (Shah, 2012)

In addition, there has been high residential mobility in the last three decades driven in part
by an increase in household size and high réktgaif, 1994)Riyadh, Western and Eastern regions
have the highest population size compared with other regions in the Kingdohect/ely they
account for twethirds of the total Saudi populatioAshwan et al., 20129nd have lower house
ownership ompared to less urban regioiiSalam et al., 2014l owever the urbanisation level of
these threeregions is significantly associated with better job opportunities, education, and health

services.

—
Saudi Population Pyramid (2017) Population Pyramid (2017)
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Figure3.2 Agessex population pyramid in 2013

11 General Authority for Statistics, Kingdom of Saudi Arhattia//www.stats.gov.sa/en/node

22GCCcountries KS / 22 LISNI A2y / 2dzyOAf F2NJ GKS I N} o {dFrdSa 2% (KS DdA ¥ A4

hYFyS . FKN}YAYS vIGFENE Ydzeb AG YR GKS 119 6D/ /X MPymod
13The General Authority of Statistidsttfps://www.stats.gov.sa/ef

68

o


http://www.stats.gov.sa/en/node
https://www.stats.gov.sa/en

Chapter 3

a
0]

40 25
=
=
s B85 20 £
=
= =
SE 30 S,
&S = 15 w
? S =]
gﬁzs = o
£E %4
e 2 10 5 5
=D =]
b= 20 s =
= =
= &
& 5 &
=3

* o o o Y% Non-Saudis Number of Saudis —%— MNumber of non-Saudis

Figure3.3 Total numbers of Saudis and n&audis resident population (1972017}

The General Authority of Statistics claimed that Saudi Arabia become one of top five
destination countries for migrants in 2017, adding ao estimaed 12.2 million nomational
population, with the majority coming from Southsian countrie$De BelAir, 2014) Thisexpatriate
populationreached 37% of the total population by the mitizD18(De BelAir, 2018%°, however
the expatriate population has since declined by about 800,000, largely due to the introduction of

controls ondependentsfeesand new taxation measures.

There are two main reasons for the large expatriate communiyauadi Arabia. The first is
the influx of Muslims from around the world on pilgrimages to the holy places of Makkah and
Medina (2.4 million in 2018). The second reason is more structural, resultingrfrongration in
response to oil exploration in the Kingdom from the 1930s onwards. The consequent large increase
in job opportunities led to an influx of serskilled and skilled workers from poorer/leiicome
neighbouring states and Westecountries respectively. The five most frequent countries of origin
for these economic migrants were India, Pakistan, Bangladegipt,and Syria. However, the
number of nonnational workers also increased in the private se¢@e BelAir, 2014) affecting
job opportunities for weleducated Saudi nationals. This was largely due to immigration from
Egypt, Jordan, and Lebanon,all comparatively wealthy countries. The effect of this high

unemployment ratefor the young national population will be discussed later in this chapter

14 Source: Central Department for Statistics and Information (CDSI)/ General Authority for StatistitAJGAS
15 (http://gulfmigration.org/media/pubs/exno/GLMM_EN 2018 05.pdf
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The Kingdom has seaignificant advances in terms of life expectancy at birth and mortality
rates matching thoseof other developed economies. Ovegcent decades, life expectancy has
increased in Saudi Arabia (74.7 years for females and 72.5 years for males) due to a combination of
sociaeconomicdevelopment and reductions in communicable diseggdmalki et al., 2011)The
Health StatisticYeabook (2015}° stated that life expectancy in the Kingdom is now four years
higher than the global averagThe proportion of the population under 15 years is 29.1%, which is
higher than the global average of 27.0% and similar to the EMR average of 34.0%. Nonetheless, the
effects of rapid urbanisation, economic growth and the growing expatpafaulation represent a

significant demographic challenge.

3.3  Socio-economic drivers and behaviourglatterns

The rapid urbanisation andociceconomicchange described above has resulted in considerable
variation between regions in terms of the quality ofdfthcare services and health. In this section,

| discuss the association between thaecioeconomicstatus of the regions and health outcomes,
with particular emphasis on diabetes mellitus. | will examine how urbanisation and sapid
economicchange catributesto this through changes in lifestyle and behavioural patterns. Finally,
| discuss howsociceconomic characteristics differ betweerboth national and nomational
population and the effect of high namational population on the employment statder Saudi

nationals.

3.3.1 Administrative regions

Most previous literature examining the association betwseniceconomicfactors and T2DM has
focusedat the level of individualsyith few studies explang the impact ofurbanisationon the
prevalence of T2DMsassasse et al. (201hvestigated the association between urbanisation and
T2DM by country income level, concluding that obesity and physical inactivity were the most
significant risk factors in highhcome countries. Urbanisation tends to result in acr@ase in the

cost of healthy food (fruit and vegetables), but a reduction in the cost of processed and high fat

food (Patil, 2014, Vlahov et al., 2007)

16 Saudi Ministry of Health Statistics Bodkvailable http://www.moh.gov.sa/en/Ministry/Statistics/book/Pages/default.asB015.
Ref Type: Electronic Citation.

70


http://www.moh.gov.sa/en/Ministry/Statistics/book/Pages/default.aspx

Chapter 3

These shifts arelue to industrialisation and a shift from an agricultural econdidyore et al.,
2003) Tte shift in diet, resulting in an increased consumption fat and carbohydrate, has led to an
increase in the prevalence of obesity and the likelihood of become dial¥étis.trend is most
pronounced in urban regions, contributing to their high prevalence of TZMbbre et al., 2003)

As previously discussetivo-thirds of Saudi population live in urban regions and are exposed to
these changes in eating habifhereductionin the costof fastfood cost andconcomitantincrease

in that of healthy food is associatedgith other changes in lifestylerhich | will discuss in section

3.3.2 The following studies highlight the differenda®besity and consanguinityetween regions

El Mouzan et al. (201 ®)vestigated tle regional variation of bodyweight and obesity among
children and adolescents in the Kingdom to inform design of a prevention program based on
regional needs. They found that the Southwestern regiondbmver prevalence of obesity and
individuals who areoverweight compared to Central and Northern regions and that regional
variation is an important contextual factor in developing appropriate prevention progréms.
previous report, the same authors investigatea threvalence of consanguinity in rusaid urban
areas by region in Saudi AralfletMouzan et al., 2007)They found thabverall,the prevalence of
consanguinity in the Kingdom is high, but that it is subject to significant variation both between
region and between rural and urban areas. The prevalence of cgosaty was consistently higher
in rural areasThese two studies underlined tls®cioeconomiaiversity between and within Saudi
regions anddentified obesity and consanguinity as significant risk factors for T2DM in the country.
Together they demonstta that regional variation is an important contextual factor for health

policy recommendations to government.

In arecent study AlOmar etal. (2018)generated twosocioeconomicindices to measure
inequality in health care access and health outcomes and support better health policy
interventions. The Eastern regiomasthe most affluent region as expected, since it houses the
largest oil companies in the world suchf&mbianAmerican Oil CompanARAMCQ Outside the
Eastern region, Riyadh and Jeddah were the most affluent di@&gsharacteristis of the affluent
regonsarethat they host the best universities, have access to specialised healthcare services, and
better job opportunities. The study provides further evidence that the diversigoofoeconomic
status between regions is a significant factor influencieglth outcomes particularly for T2DM
and that this is in part related to differences in quality and efficiency of healthcare services between

and within different regions.
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This final point was examined in a studyNdgusa and Aldehayyat (2018yho investigated
the efficiency of healthcare services across the country. These investigators found significant
variation in healthcare efficiency across regiarsd between the public and private sectors.
Overall, lesairban regions showed higher healthcare efficiency compared to other developed
regions such as the Eastern Province and Makkah in both seldimrsgver the private sector was
less efficient in someegions, other regions showed the opposite trend, while healthcare facilities
for both public and private sectors were efficient in the rural regions such as Northern Borders and
Al-Jouf.Overall 69% of public healthcare facilities were classified asiefft as opposed to 54% for
the private sectorHence, the prevalence of T2DM could be higher in some regions duaeisbion

in healthcare efficienes

The study concluded that health policymakers needed to take account of these regional
variations in order to improve the efficiency and quality of healthcare services. This might extend
to a requirement to reallocate resources between regions. Another report by the Cooperation
Country Strategy for WHO and Saudi Arabia showed that, althilwegl had been a huge effort to
develop the efficiency of public and private healthcare sectors;mational workers made up the
majority of the healthcare workforce (WHO, 2013p sum up, provision of health care facility
varies between regionfioweverthis does not always reflect differences in urbanisation level and
socieeconomicstatus. However, where a person lives Saudi Araila unquestionably has an
impact ontheir health, affecting their chances of receiving aarly diagnosis of disease and

managing it effectively

3.3.2 Lifestylepatterns

As mentioned in the previous sectiarrpanisationis an important determinant affecting exposure

to risk factors for norcommunicable diseases (NGs many cases this operatésough lifestyle
changes such asmoking habits, unhealthy food consumption alagk of physical activity(AF
Rubeaan et al., 2014bJyhe GCC countries experiencadapid sociceconomictransition that
resulted in lifestyle changes and concomitant changes in disease paftskRasheedi, 2015A
striking example of this is the high prevalenceT@M in the Arabian Gulf regiofBener etal.,

2009) The GCC is now ranked among the countries with the highest prevalence of diabetes
worldwide (Bennett, 2007)exceeding 23.0% among adults in Saudi Arabia, Bahrain and the UAE
(Mehio Sibai et al., 2010Much of this increase is can be explained by the shift to physaetivity

and unhealthy diets, both of which are weltablished risk factors for T2D{davies et al., 2008,
Al-Rasheedi, 2015)
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In addition to socieeconomic and political factors, these lifestyle and behavioural changes
are influenced by thelemographidransformation in the region. These changes have contributed
to an increase in the intake of food high in fat and carbohydratgled with a reduction iphysical
activity (Aljoudi and Taha, 2009, Midhet et al., 20ABHazzaa et al., 2011, Awadalla et al., 2014,
AlRubeaan et al., 2015, Al Bassam, 20I2aditionally, Saudi food is already high in dad
carbohydrate with dishes typically containing meat, ridates,and bread. Saudi studies indicate
that the majority of the population now consumehealthyfood, resulting in a decrease in the
intake of vegetables and fruit. This dietary shift is tmm®nounced in adultfAl-Aboudi et al.,
2015, AlQuaiz and Tay@009, ARRubeaan et al., 2015, Aljoudi and Taha, 2009, Bani, 20itbis
likely to be contribuing to the increase in obesity and T™D

A recent study by Moradiased on anational survey found thathe proportion of Saudi
adults consuring an unhealthy diet (high processed foodsneatand soft drinks; low in fruit and
vegetables)as particularly high in thoseiged 15¢ 24 years(MoradiLakeh et al., 2017With
respectto age and gender, the study observed that older aslatinsume more fruit and vegetables
and fewer processed food$ compared to younger adultsvho are more influenced bythe
nutritional transition. Male more likely to consume meat and soft drinks compared to females,
while a higher proportion ofemales cosume vegetablegMoradiLakeh et al., 2017Moreover,
high sociceconomicindividuals are more likely to consume fruit, vegetables and puice$ and
less soft drinks compared with losociceconomicindividuals(MoradiLakeh et al., 2017)The
findings of this studyinderlinethe poor nutritional habits amongyoung Sauds fromlow socic

economicgroups, a likely factor behind theégh T2DM prevalence in SA.

The prevalence of obesity is high and ranged from 29.2% up to 45.3% among women in the
GCC regiofAlshaikh et al., 2017The prevalence adbesityis higher among females than males;
however, more men than amen were classified as being overweight in the GCC countiiies.
highest prevalence of obesity was observed in Qatar, Kuwait and KSA (45.3%, 35.2% and 38.4%
Several factors could contribute to this high prevalence. High levels of carbohydrate and fat
consumption(WHQ 2016b) multiple pregnanciefDaryani et al., 2005)ombined with a sedentary
lifestyle contribute to a significant increase in obesity among women in Arab ¢esiaind
particularly in the GCC region. A large number of households have housemaids, further increasing
physical inactivity, particularly in Saudi Arabia and Ku{#éatbry et al., 2010)Theincrease in the
number of housemaids reflect an increase in Saudi women with calaege houses resuttgfrom
increased living standard, arsciocultural reasosthat reflectexpectations of families withigh

socieeconomicstatus

17 Processed food: pastrami, salami, sausages, hot dogs, fast foods, canned/fried foods
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Physical inactivityis a global public health issue, particularly in the Middle East and the GCC
countries, where studies reveal that physical inactivity is gleavt among all ages and sexes. This
is particularly acute among women due to gender inegigdjtresulting in a further increase in
lifestyle-related diseasdAlshaikh et al., 2017)t is therefore importahto introduce additional
physical education programmes to promote active lifestyles throughout the GCC region, particularly
among women. Although this will require political and semidtural change, a diabetes prevention
programme for diabetes based @hysical activity and diet could save 54% of the total direct costs
and 31% of total medication costs while simultaneously improving quaditife (Mabry et al.,
2016) Overall, most of the Saudi population are physically inactive, with one Saudi study in Asir
(Southern region) reporting that 99.586Saudi females and 81% of Saudi males in Riyadh city could
be classified as inactive. In general, two main types of factor contribute to the high prevalence of

physicalmactivity in the GCC countries.

The first are environmental factors such aack of public transportation andhe warm
climate. The urban environment in some countries actively discourages walking and ($dtisg
Corti et al., 2016)encouraging people to use cars even for simutneys.Furthermore, increased
urbanisation leads to a rapid increase in offliEsed administration and services that are often
associated with physical inactivifyan der Berg et al., 2016)he second are behavioural factors
resulting from social and cultural norrfslQuaiz and Tayel, 2009jany of the reasons for physical
inactivity discussed above disproportionately affect worddialth due to Saudi cultural practices
(AFAIfi et al., 2004, ANozha et al., 2004, Midhet et al., 2010, Aljoudi and Taha, 2009, Awadalla et
al., 2014)

An example of this is the lack of female sport facilitiRscently, the Kingdom announced plans to
introduce a Quality of Life Program B@20® as part of its overall Saudirabia 2030 Vision. This
programme aims to promote healthier lifestyles in the Kingdom by increasing the quality and
number of sport facilities, developing education programs and curricular activities for students,

thereby reducing the prevalence of digls and obesity.

18 Arab Health Market Series (2018) Diabesity, the Pulse: Hdition. Available ahttps://www?2.colliers.com/enr
AE/Research/Dubai/Diabesifyrab-Health-Market-SeriesThe Pulse9th-Edition(Accesed 20 December 2018)
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Another important lifestyle factor is the prevalence of smoking in the region. The prevalence
is higher among males than femal@dshaikh et al., 2017primarily because smoking by feraal
is regarded as culturally unacceptaljarOdeh and AbtHammad, 2011)howeverwater pipe
smoking has increased among women in th&€®@€lionThe prevalence of smoking among women
in Saudi Arabia is 9%, 7.9% in Kuwait, 20.7% in Bahrain, 0.8% in UAE and 0.5%(ilj€fnean
and Ahmed, 2016 however thesdiguresare likely to beunderestimate. Water pipe smoking is
highly prevalent in the regiorgsthere is a (mistaken) perception that water pipe smoking is less

damaging tharsmokingcigarettes(DarOdeh and AbtHammad, 2011)

Overdl, consideringsociceconomicfactors in relation to lifestyle factors in Saudi Arabia will
enable policy makers to identify suitable interventions specific to-higlhgroups. The high burden
of T2DM has become a concern of national high priority onShadi public health agenda. As
mentioned in the introduction, most diabetes epidemiology studies in Saudi Analviefocused
on lifestyle and health factors without considering the interaction betwseciceconomicfactors
and both lifestyle factors andiabetes mellitus. Furthermordew studies have investigated the
relationship between environmental factors and T2DM in Saudi Ardbisummarisegommunity
support is an essentiaéquirementA y Y2 RA T Ay 3 At Ranapdidmties irasdi £ A F
Arabia(AlQuaiz and Tayel, 2009, Bani, 202%) obvious example of this atee cultural barriers
resulting in limited access for females to spofacilities This combined with the unequal
distribution of facilities across and within regions means that there are very limited opportunities

for women to exercise, particularly in rural areas

3.3.3 Socieeconomiccharacteristics

In the previous section,discussed the importance gbciceconomicfactors in relation to
regional variation in lifestyle patterns based on regional and urbanisation levels. However, an
A Y R A @do8tartohoiCharacteristics are also related directly to healthgood examp of
this iseducation level.This is recognised as one of the msatioeconomicfactorsand there has
been a decline in gender inequality in terms of educational attainment and litesddgh has
resulted from a significant demographic transition in tCC countriegShah, 2012) This
0Nl yaArAiGAz2ys O2dz2) SR gAGK GKS YAy3IR2YQa T2 O0dz
since the 198Qshas significantly improved litecg and educational levels in recent decades.
However, although literacy has improved, the proportion of females who are illiterate (33%) is still
high compared to males (13.6¥ghah, 212)
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Theoutlook for Saudi women has been transformed by the rapid secamomic changes
driven by urbanisation. There has been a large increase in the number of public schools and
universities across the regions, increasing access for both men and wetaeman, 2005)Based
on the most recent education statistics and reports, there is now high educational attainment for
both Saudi males and females. This is echoed by the WHO {2048 observed that there has
been a signi€ant increase in literacy rates among adult Saudi females (15 years and above), from
79.7% in 2004 to 85.0% in 2010, when the overall literacy rate of the adult population was 88.0%.
The proportion of people who had completed secondary education as 0@ 2@ 50.3% for
females and 57.9% for males. The increase in the number of educational institutions in the Kingdom
over this period is reflected in the significant increase in the number of university degrees

completed by Saudi women.

Significantly, thigncrease in educational levels is mirrored by more diverse range of roles for
women in the workplace after universityThe Kingdom made huge investments in tertiary
education (Masters and PhD degrees) between 2000 and 2010 by supporting nationals to study
abroad inhighly developedtountries®. Nonetheless, over the period of this investmgmverty
and adult unemploymentfor Saudi nationals increased significantly, reaching 12.2% (33.4% for
women against 7.6% for men) overall and 28.4 % for young natiagald 15¢ 29 (60.3% for
women against 17.5% for me(pe BelAir, 2014) The high proportion of nomational workers in
the country also contributed to the higher rate of unemployment amomnational females
compared to maleg¢Shah, 2012)in 2008 howeverthe overall unemployment rate among young
Saudi nationals (age 151) was 28.2%or females in this group it was 45.8% (WHO, 2013).

19World Health WH@2013 Country Cooperation Strategy for WHO and Saudi Arabiac2018 World Health WHO, Regional Office
for the Eastern Mediterranean, Cairo. Available at:
[http://apps.who.int/iris/bitstream/10665/113227/1/CCS_Saudia 2013 EN 1#48df (accessed 3 March 2016)

2TKS YAY3 !'0RdzA f K {OK2fF NEKALI t NBEINF YYS 1 dzyOKSR Ay HoumpX (KSy NBaiGNH
{OK2fF NEKALI t NEINI YE
(https://www.moe.gov.sa/en/studyaboard/The%20CustodianOfTheTwoHolyMesQuerseasScholarshipProgram/Pages/
YourJobFirstAndThenYourScholarshipProgram.aspx).
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These nationalisation policies seek to reduce the high unemployment rate among the
national populationby increasing theemployment opportunities for nationals and reducing
dependency on foreign labour. Another key aintted labour nationalisation polices is to make the
private sector more attractive for Saudi nationals. One of three rBaindi Vision 2030 pillars is
G2 I OKAS@®S | GGKNARQGAYy3I SO2y2Yeé o0& AYyONBIaA
womenra farticipation in the labour force and improving the robustness of the economy of the
Kingdom by a shifting from a dependency on oil resourdé&metheless, unemployment of

nationals is stilsignificantissue in Saudi Arabia.

To concludethe characteristics of the substantial nomtional population in Saudi Arabia
suggest that inequality of healthcare services could be related to high inflows efat@nal
workers in the three main regions. As discussed in the beginning of this ch#meRiyadh,
Western and Eastern regions have the highest levelsaficeconomic development and
urbanisation, implying that they host better healthcare services, have better access to healthy food
and increased availability of public places for physicaivity and sports facilities. As discussed,
most nortnational workers live and are employed in these regions. It is therefore possible that non
nationals could indirectly affect the availability of better diabetes screening and management in

these regiols compared to the North and South regions.

Sometables show thesociceconomicand demographic characteristics of the administrative
regions based on the Saudi Health Interview Survey (SHIS, 2013), drawing on the SMOH anc
National Diabetes for Control arRtevention Program databagseeappendixA). With respectto
household monthly income, the recent Household Income and Expenditure Survey (HIEZ, 2018)
show that families who live in the Eastern region have the highest average monthly income per
househdd followed by Jazan and Riyadh regionkile families who live in Najran region have the
lowest. The results highlight that there is @nvious differencdetween regions based on monthly
household income for the total population (national and rwational). Consideringhe average
monthly household income for Saudi households only, the Eastern and Riyadh regions are the
highest, while Tabuk region is the lowest. The followliadple 3.1 and Figure 3.4 highlighs the

average household monthly income for Saudi and total population.

2! https://www.saudiembassy.net/sites/default/files/u66/Saudi_Vision2030 EN.pd
22Household Income and Expenditure Survey (HHE®)://www.stats.gov.sa/en/37
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Al-Jouf

11,320

Tabuk

9,305

Madinah

Al-Baha
11,810

9,646

Northern Borders

11,072
Hail

9,701

Qassim

11,023
Riyadh

12,668
Makkah

11,584

Asir

Eastern Region

14,902

10,139

Jazan

Najran

8,697

13,278

Figure3.4 Average Monthly Household Income for the total Saudi population by administrative

regionsusingHousehold Income and Expenditure Survey

Table3.1 Average Household Monthly Income by Administrative Region and National
Household Head

Administrative region Saudi poplation (Saudi Riyals)
Eastern Region 17,872
Riyadh 16,011
Qassim 15,322
Jazan 15,199
Makkah 14,648
AlJouf 14,193
Al-Baha 13,728
Northern Borders 12,051
Madinah 12,016
Asir 11,817
Hail 11,571
Najran 11,388
Tabuk 11,024
Total 14,823
Zmann {FdzRA wAieélrf 6{w0 F mMumMn F HCTD
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3.4 Saudi lealth care services

In this section | discuss the structure of the Saudi health system structure, the development
of health care services and its response to the challenge presented by TRIBNb rapid economic
growth, the GCC governments have bei&n a position able to tadkle the prevalence of
communicable diseases and improve health care servioeth contributingto an increase in life
expectancy(WHQ 2006b) However, in recentyears, there has been jgarallel increase in the
prevalence of NCfsuch as diabetes mellituspesity,and hypertensiornin GCC countrieglriven
in large part by the results of economic growithese diseases are complex and multifactorial, and
mounting an effective health care response is further complicated bythhge geographical area
of the Kingdonwhich effectively impedes the efficient distribution of health care services and the

workforce.

34.1 Health system structure

The Saudi health system is dividetb two main sectors: public and privatBigure3.5). In
the public sector, there are three main levels of healthcare provigmimary, secondary,and
tertiary (MOH, 2009}. These are supported and funded by the Ministry of Heafhmary
healthcareprovides prevention and therapeutic servicedile the secondarylevelis responsible
for more intensive health care requiring hospitalisation or specialist clithieggrtiary level deals
with further referrals to specialist centres for more complex cases.Primary healthcare level is
the main provider of healthcare services for Saudi natiofallsejaidi, 201Q) These centres deal
with a highproportion of non-communicable diseassuch asasesf hypertensiondiabetes,and

obesity; these are usually referred to secondary healthcaréreen

The Government is also responsible for the main referral hospitals such as The King Faisa
Specialist Hospital and Research Cernttne, Security Forces Medical Servicdse Army Forces
Medical Serviceghe National Guard Health AffairARAMCO hepitals, The Royal Commission for
Jubail and Yanbu health servicth®e Red Crescent Society and the Ministry of Education hospitals
(School health units, and University hospitgsimalki et al., 2011)n contrast, he private sector
represents only 20% of healthcare facilities (MOH, 20%8fondary healthcare is provided at the
district level and aganised under regional supervision. The tertiary healthcare level is responsible
for chronic and complex health issues requiring highly experienced medical staff and the most

advanced equipment.

24 Ministry of Health. (2009Health Statistical YearbooRiyadh: Saudi Ministry of Health Availablehdtips://www.moh.gov.sa
(Accessed 6 July 2018)
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‘ Saudi health care system
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Figure3.5 Current structure of the health care sectors in Saudi Ar@hliaalki ¢ al., 2011)

In addition to these organisational issues, the increase in NCDs sti@bdalso present a major
challenge to the Saudi MOKKhoja, 2009) In addition to provision of the basic medical
infrastructure at all three levels of care, the MOH is responsible for setting healthcare policies,
implementing programs focused on early detection and treatment of dis@alsealki et al., 2011,

Al-Sharif and AKhaldi, 2003jMOH, 2013c; MOH, 20%5)

3.4.2 Developmentand dallengesof healthcare services

The efforts of GCC governments to tackle the prevalence of communicable diseassised in

an increase in life expectancy (WHDO06). These largscale public health initiatives and shifts in
demography havdenefited from andcontributed to rapidsociceconomicchanges in the region
(Salam, 2019)The improvement ifiving conditions is leading to a change in the GCC population
agestructure. Thus areduction in fertility rate combined with increases in life expectancy is
predicted to increase the proportion of the adults and overall ageing of the population iedfier
(Khraif et al., 2015A Saudi study based on data from the Saudi National Survey for Elderly Health
(SNSEH) provided evidence that thereaisassociation between income status and health status
for those aged over 60, with highcome individuals more likely to have "very well" health status

compared to lowincome individual¢Khoja et al., 2018)

25 Ministry of Health. (2013cNational Executive Plan of Diabetes Control (2BQ20) Available at:
https://www.moh.gov.sahttp://www.pitt.edu/ (Accessed 20 August 2018)
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GCC government health facilities at all levels are still not well prepared for the increases in
the prevalence of NCD or the ageing population. These dual challenges réapgesscale
interventions to develop health care services appropriate to an ageing population. A particular
focus should be on improving primary health care centre (PHCC) services and facilities with a focus
on NCD prevention and early diagnosis in ordeintrease mobility and extend healthy Ifpans.

The Saudi Ministry of Health (SMOH) has a national development plan to address public health
concerns. This has resulted in an increase in nursing and physician staff and new hospitals, with
concomitant reduction in infant and maternal mortality rate&/KlQ 2013). One element of this
national improvement plan was service delivery for primary health care patients. This service has
recently been improved by the MOH in cooperation with natiomal aternational organisations
(Walston et al., 2008 However, an analysis of primary care services in Saudi Arabia found that
access for older adults remains poor. Healtire services also face a major challenge from the
increase in prevalence in NCDs with a lack of effective interven{idasirshed et al., 2006)
Although health care services have improved in the Kingdom during recemidel®cthese

improvements have failed to reach all sceiconomic groupgAlmalki et al., 2011)

Thegovernment offes free health careat public hospitals and clinics ftine Saudi national
population. Howevera number of citizenadditionallyreceive health insurance from the employer
that provides advantageus healthcare access. A recent Householdltte Survey (HHS, 20%%)
show that 37.1% of Saudi total population are covered by health insurance. TherEagienhas
the highest healthcare insurance coverage r&e Saudi national$29%)while the lowestis
observed in ABaha region (1.6%). Midh region recorded the highest health insurance coverage
rate for norrnationals (86.3%ith the lowest in Jezan region (26.3%ljthough health insurance
is now provided to Saudi employees and their families along with access to private health care
centres(Mourshed et al., 2006it could be argued that the GCC governments should provide health
insurance for all nationals, regardless of their employment status. The diversity of healthcare
insurance status betweeimdividuals with different working status or in different occupations
inevitably leads to inequity in health statughis has led to a recognition by the GCC governments
that major health system policy changes will be needed, particularly with respecadibhbare

quality in public health care centr¢khoja et al., 2017)

26 Family/ Household Health Survey (FHS, 20it#)s://www.stats.gov.sa/en/965
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Health insurance partnershigvere established in 1999of expatriate workers in the
Kingdom,howeverthis only covers Saudis and foreigners who are working in the private sector
(Almalki et al., 2011and does not extend to unemployed individuals or pubkctor workers.
Health insurance is now provided for all nationals and-national workers in the government
sector (Alsharif, 2008)howevernon-Saudi and Saudi employers in the private sector have to pay
for advanced healthesvicesThe MOH has made a concerted effort to improve the quality of health
care in both public and private health care facilities. Public health care services are provided free of
charge for all Saudi citizens and employees within the public séskmalki et al., 2011However,
health care costs in the private sector are very expensive and areoneted by health insurance

and outof-pocket costs for employees in the public seqifalston et al., 2008)

Furthermore, most private clinics and hospitals are in urbagas within the main cities
(Albejaidi, 2010). As a result, rural aredten have only limited access to the better health care
services provided by private facilities. Moreover, foreigner workers are only allowed to use public
health facilities for emagencies. The health insurance system therefore faces challenges in terms
of health care access and its funding in the Kingdofinese considerations make it clear that there
are issues with poor quality of public health care services, lack of treatamehprevention care
services and inequities in the health insurance system. This inevitably contributes to the increase

in the prevalence of noltommunicable diseases such as T2DM, obesity and hypertension.

These issues are further compounded by variation in the geographic distribution of human
resources and limited access patient information documents. Such problems are driven in part by
the strain of increasing health care costs associated with the highafemece of chronic disease and
the introduction of new health and biomedical technologies. Whatever the cause, the majority of
nationals are not completely satisfied with the quality of health care in government hospitals
(Mourshed et al., 2006Key concerns reported by patients were access to health care centres and
long waiting times, a lack of public transportation and limited parking facilifidsamdan et al.,
2015) One consequence of the fact that improvements to health care services have not provided
the high quality of services appropriate to national income is that somémuiat still rely on
traditional treatments(Almalki et al., 2011)These have significant influenagethe Saudi Arabian
context, as the use of traditional herbal remedies is common practice among the poorly educated
and older generations, in both rural and urban areas in the KinginSaeedi et al., 230

Bakhotmah and Alzahrani, 2010, Sabra et al., 2010)

27 https:/ivww.moh.gov.sa/endepts/Health - Insurance/Pages/Challenges.aspx
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3.5 Diabetes Management and Screeningplicy, implementationand

prevention programmes

351 Diabetes policies and plans

The Saudi Charitable Association of Diabetes (S&4d& launched in 2007 with Ministry of
Social Affairs approval and aims to increase community awareness of diabetes and promote health
education. The association includes charitable, sciengificialand financial activities and provides
medical supporfor diabetes However it is the community association considered responsible for
diabetes care (SCAD, 2017), the role of the community in supporting individuals with T2DM and
wider healthcare policy imptaentation has not been studiedVith regard to naibnal policy, the
Saudi MOH has launchéldree national initiativegelating to the prevention and management of
T2DM and other chronic diseases. The first of these was in 2001, when the Gulf Cooperation Council
States prepared an action plan to address thigh burden of diseases in general and T2DM in

particular.

The Ministries of GCC countrié¢sassembled a committee focusesh developing and
updating healthcare programmebat agreed a number of key resolutiofkhoja, 2009)Khoja,
2010°). The Second national initiativevas a T2DM specific challengleveloped as a Country
Cooperation Strategy by the WHO and KSA working in partnership between 2006 ar@V20Q1
2013) One key recommendation of this program was that the Saudi Healthcare systemdheede
raise awareness of the need to adopt a healthy lifestyle, particularly among the young. Additional
recommendations included the need for wider health education prognasmand more research
into the current situation in the country. An important outcerof this was the development of the
third initiative- The National Executive Plan of Diabetes Control 2@D2Q this was the first major
program focused exclusively on the contafldiabetes, with adualemphasis on prevention and

minimising the deviepment of comorbidities.

2B | dzZRA Q& / KIF NA G 6t Stpt/alsulkabyiorgSakirtiek.ashd S5A 6 SGSay

29 http://www.bsac.org.uk/antimicrobialstewardshipebook/Chapter%2015/NaticAMRPlan2017.pdf

30 Khoja, T. (2010%ptrategic Approaches in Combating Diabetes Mellitus among GCC Coudwaiéable at: http://www.pitt.edu/
(Accessed 15 August 2018)
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National Executive Plan of Diabetes Control (2€2@R0¥™:

Objectives:

Primary:
1 To reduce incidence and prevalence of T2DM and its risk factors.

Secondary:
1 To reduce T2DM complications and comorbidityough early detection of disease

Tertiary:

To develop and improve the quality of health services delivered to diabetic patients.

To improvediagnosis follow up, and assesnent ofdiabetic patients througla Diabetics Registration Program.
Toimprovethe research toolsvailableandboth the number and quality aftudies on diabetes.

To enable diabetic patients and their families to contributeéhe control diabetes and its complications.

To support and encourage diabetes management within community.

= =] =] = =

Programmes:

1 Anti-diabetes Education National Program.
1 National Campaign for Diabetes Control.
I World Diabetes Day.

Although these objectives were consistent with global action plans for the control and
prevention of norcommunicable diseases in 20(8/HO, 2013)the plan failed to provide any
specific polices or strategies for prevention or enhanced monitoring of T2DM. In addition, there
was no explicit statement regarding the need for cooperation between levels of healthcare and
between the private and public sees (MOH, 2013&). The WHO recommended that all
governments and Ministries of Health should revisit how their policies addressed the existing
Gl SFEGK F2NJ !¢ aaGNI GS3e RSGSt gatdbtiBnallant globddcpy (2 LINE ¢
levels(WHQ 1998) In particular, they noted that policy makers in Saudi Arabia should design
effective healthcare policies that take into account broader charésties such as environment,
Odzt G dzNB ' yR KSIFf GKOFNBE aSNBAOSad 'y STFFSOGADS al St
strategy, and should have at its core three main principles: equity in terms of access to healthcare
resources; arecogiit2 y 2F GKS AYRAQGARIZ £t Qa ySSRa yR (KSANI NA

to their health; and the importance of collaboration between sectors in the delivery of care.

31 National Executive Plan of Diabetes Contrdittps://www.moh.gov.sa/en/Ministry/MediaCenter/Publications/Pages/Publications
201311-12-001.aspx]

32 Ministry of Health. (2013a). Guideline for Diabetes. Availablatgis://www.moh.gov.sahttp://www.pitt.edu/
(Accessed 15 August 2018)
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Arguably, the current Saudi healthcare policy for control and management@¥Tdbes
y2i FdzZ £ & | RRNBaa GKSasS KNS GQSoRiMR ARBhSIG,L 8003 2 T
Midhet et al., 2010)For example, kegontextual factors such as econorstatusand sociocultural
considerations are effectively ignored in the developmensafidi health policie€Sutton, 1999,
Walt and Gilson, 1994, Gilson et al., 2008}he last two decades, Saudi Arab&sfacedsignificant
and rapid politicaland economidransition. In an attempt toupdate the third principle ofthe
a kalth for All¢ strategy,in 2012 the SaudMOH lauwnched the Health Programs and Chronic
Diseaes Control General DepartmeniThe Chronic Disease department is responsible for
improving community and education projects on NCDs (MOH, 201BtOH, 2013c). This includes
administration of the DiabeteSnit, covering 22 specialised centres and 270 diabetes units within
hospitals throughout the regions (MOH, 2013c).

As discussed in the previous section, much of the literature assessing diabetes policies and plans
has concluded that there is lack ah effective health programme for dealing with T2DM. In
particular, deficiencies in the health information system are undermining attempts to improve the
referral system(AlSharif and AKhaldi, 2003, AAlfi et al., 2004, AGhamdi et al., 2007, Alfi et

al., 2007, Abdelwahid et al., 2010, Al ®dani and Balaha, 2012)he referral system for T2DM is
criticallydepend¢ it 2y SFFAOASY G GNIya¥FSNI 2F RAF0oSGAO
to secondary and tertiary healthcare centrdsis problem is exacerbated by the fact that referrals
are usually between primary healthcare centres to specialised diabetes units that are often in the
private sector. In addition t@ poor referral system, there are very few dieticians and diabetes
eduators and primary healthcare clinics often suffer from a lack of equipment and access to the
most appropriate drugs. Doctors in General Practice are focused on treatment and are unwilling or
unable to provide advice on the control and management of diadetesulting in a high referral

rate to diabetic units (secondary levé§FAlfi et al., 2004, ASharif and AKhaldi, 2003)

33 Ministry of Health. (2013bMedia Report on the MOH Efforts of Educating on Diabétesilable athttps://www.moh.gov.sa
(Accessed 20 August 2018)
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In 2013, the MOH acknowledged the importance of improving referral sygtaicies and
issued guidelines fathe management of diabeteAl Shahrani and Baraja, 201An additional
factor affecting the effi@ncy of diabetes management is that most nurses (70%) working in primary
health care centres are expatriates from nrAmabic speaking countries. This inevitably
compromises communication between patients and nurses. Health education and disease
prevention efforts are further compromised by the fact that many expatriate nurses lack
appropriate training for public healtfAl Wadaani and Balaha, 2012, Midhet et al., 2010, Aldossary
et al., 2008, Sabra et al., 2010)

In view of these considerations, it is not surprising thmetst studies observed thdhere is
insufficient diabetesawareness irthe population. This even extended to diabetics themselves,
most of whom believe that the disease can be managed effectively thnmaglicationalone, with
little awareness of themportance of dietand physical activityThe inevitable conclusion that
knowledye about diabetes in the Kingdofalls far short ofWHO recommendationéSabra et al.,
2010, Al Saeedi et aR003, Sharaf, 2013, Aljoudi and Taha, 2009, Al Shahrani and Baraja, 2014, Al
Elg, 2009)In addition, the lack of optimal nutrition is another important issue of increasing the
LINBE@I t SyOS 2F b/ 5Q& AyOtdzRAY3d ¢H5a Ay (GKS O2dzyiNEO®

A review of the quality of T2DM management in the GCC countriddhyas et al. (2012)
highlighted the lack of standardisation in the outcome measitwe T2DM, and how this together
with the large amount ofmissing data makes meaningful comparison difficult. For example,
assessment of glycaemic control requires a full documentation of fasting blood gluc@e 6r
values over the last few months. Another key issue identified by these authors was the poor
managemenbf highrisk diabetes groups in the GCC region due to the diversity of health system

type and lack of management guidancehiit primary healthcare centres.

3.5.2 Public health concerns of T2DM

One of main concerns relating to the prevalence of T2DMe country is its huge economic
burden (Alhowaish, 2013, Alharbi et al., 2014, Mokdad et al1430Individuals with diagnosed
diabetes incur health care costs some ten times higher thandiabetic individuals ($3,686 vs.
$380) In 2014, the MOH estimated that management of diabetes cost $4.5 billion for Saudi citizens,
projected to rise to $7 billion. About 72% of the total budget spent on insulin was for treatment of
T2DM at an annual cost of insulin per patient of $8XHhowaish, 2013, ARRubeaan et al., 2013)
These estimates do naobnsider indirect costs and or reflect loss in quality ofdifd it is clear that

T2DM places huge pressure baoth the healthcare system and society as a whole.
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A report byAL-Aboudi et al. (2015nvestigated thehealth-related quality of life of T2DM
patients who attended diabetes units in Riyadh city hospithe authors observed that Saudi T2DM
patients had low healthielated life quality, with females more affected than males. The Saudi
government has now planned to increase total healthcare expenditure by $6f4his $0.9b will
be dedicated to maagemen of diabetes. The use of evidenebased guidelines for the
management and prevention of T2DM was recommended in the 2016 WHO Global Report on
Diabetes(WHQ 2016a) It also highlighted the need to tackle the high prevalence of diabetes
through programmes to encourage healthy diets and physacdivity, particularly directed at
individuals from lowersociceconomicgroups. Current Saudi policy is based on the national
reference for diabetes mellitus guidelines and national p&liéyr primary health care centres

(PHCC) issued in 2014 by tlsional diabetes mvention and control programme.

3.5.3 Screeningand managemenguidelines forT2DM

The Saudi guidelines for the management and conifotliabetes focus on three main
elements: weight loss, diet, and physical activity. These factors are key dffective sel
management of diabetes. As discussed previously, there has been significant effort and investment
made in an attempt to reduce the barriers to physical activity by increasing the quality and quantity
of public sports facilities. Howevehdre is an urgent need to go further in modifying lifestyldss
should involve legislation to reduce the cost of healthy food fos@iceconomicgroups, reduce
the amount of sugar in food and drinks and consumption of unhealthy food through the

introduction of taxes on processed food high in sugar and fats.

Additionally, both individuals and commuieisshould work together to prevent and control
diabetes. As an example of this approach, the UAE Ministry of Health havepgtate an education
programmeto promote selfmanagement of diabetes alongside the introduction of new prevention
strategies including®
T 9y F2NDOSYSyld 2F | pr: WadaAlI NI GFEQ 2y azfid R
1 Research into reducing the sugar content of soft drinks

1 A blanket ban on marketing unhealthy food to children

34 saudi National Reference for Diabetes Mellitus Guidelines in Primary Health care, KSA, MOH, 2014: This reference s requeste
from the national diabetes program for diabetes.

35 Arab Health Market Series (2018) Diabesity, the Pulse: ninth Edition. Availafigst/www?2.colliers.com/er
AE/Research/Dubai/Diesity-Arab-HealthMarket-SeriesThe Pulse9th-Edition(Accessed 20 December 2018)
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These regulations are more efftive than just concentrating on education and publicity for
individuals and diabetic patients and could be readily adopted by the Kingdom. Such measures
would reduce the risk of progression from gil@betes to diabetes. The Saudi Diabetes guidelines
are similar to those of the American Diabetes Association (ADA) guidelines in fhahdsS
encourage diabetic patients to follow healthy lifestyle choices, take their medicatidrundergo

regular blood sugar testing. Similar guidelines are followed byrdtlggrincome countries:

1 United Kingdom The most recentpdated guidelines for the National Institute for Health and Care Excell
(NICEY covered adults aged 18 years old and more, patient education, dietary advice, managing blood ¢
level, longterm complications and cardiovascular risk.

I Finland the Finnish Nationdhstitute for DiabetesManagement consideredifestyle changes increasetysical
activity, weight loss, educated highh 81 3INB dzLJA F2NJ f A FSa G e feSera 2eBidna
and local models and program for prevention diabé&téSaaristo et al., 2007)

1 Sweden Swedish Diabetes C&féncluded the importance of health care follemp between the patient and
the care unit, followup with those who are working in these units and educated them with the diabetes
guidelines, and the region (the quality of healthcare units within and betwegions and their location).

In addition to the new regulations listed above, the UAE have a comprehensive diabetes
strategy that includes education, long term follay of individuals, region specific models of care
and a focus on comparing tliuality of diabetes healthcare units between regions. These are all
meaningful additional strategies that could be usefully adopted for the management of diabetes in
the Saudi cordxt. The latest update of these guidelines listed below including the sangeand
standard care folf2DMbased orthe Saudi Nationald@erencefor Diabetes Mellitus Guidelines in

Primary Health Care (MOH, 20¥4}ee AppendiB).

36 American Diabetes Association (2019) Diabetes Care and Treatment Availaitiesatwww.diabetes.org/dabetes/treatment
care

37 National Institute for Health and Care Excelle(®@15) Type 2 diabetes in adults: management. Available at
https://www.nice.org.uk/guidance/ng28Accessed 10 August 2019)

38 Swedish Diabetes Care: Availablehdtips://webbutik.skl.se/bilder/artiklar/pdf/5388.pd{Accessed 10 August 2019)

39 Ministry of Health. (2014 )Saudi National Reference of Clinical Guigslifor Diabetes Car@vailable athttps://www.moh.gov.sa
(Accessed 21 November 2016)
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3.6 Conclusion

In this chapter | have described the Saudi Arabian coritetermsof demographic changes
in life expectancy andociceconomicfactors such as urbanisation and economic growth. The
increase of urbanisation has been associated with job opportunitiesedses in educational
attainment and improved health care services. Over the same period, due to the oil boom, the
country has faced a rapid increase in the migrant expatriate @djoul to 12.2 million in 2017.
Thesesociceconomidmprovements were linketb an increase in educational attainment amongst

Saudi nationals.

However, these transformations also had significant negative consequences, as they were
associated with lifestyle changes that resulted in a nutritional transition from a healthy diekto o
characterised by overconsumption of fats and carbohydrate. This led in turn to a rapid increase in
the prevalence of obesity and diabetes over last thirty years. Other environmental and community
factors have also contributed to changes in individufgstyles, with dependence on cars for

mobility and a lack of sports facilities and public places reducing physical activity levels dramatically.

| also reviewed the Saudi health care services in detail, and the pressure on the system caused
by the increamg prevalence of T2DM. | considered public health concerns in general, particularly
as they apply to the diagnosis and management of T2D#Iconcluded by examining the screening
guidelines for diabetes and how they compared to those of ottigh-incomecountries.Although
| have touched on the national intervention programmes for T2DM in this chapter, these have so
far been limited in scope and have not yet shown any effect on the burden of the disease and its
complicationsiIn the next chapter, | destr@ the characteristics of the dataset and the analytical

methods | used.
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4.1 Introduction

In this chapter, | presenta descriptionof the study population and data sourcesusedto
investigatethe associatiorbetweeneducationlevelandoutcomesrelatedto T2DMin SaudiArabia.
Section 4.2 describesthe data sources,while the data analysisplan and structure, weighting
methodologyand main statisticalmodellingapproachare describedin Section4.3. Thiswill be
supplementedwith a more detailedreview of the relevantstatisticalmethodswithin eachof the

main analyticalChaptes5 ¢ 8.
4.2 Data sources

421 Saudi Health Interview Survey (SHIS)

The Saudi Health Interview Survey (SHIS) is the main source of data used throughout this thesis
This survey is a multistage nationally representative darnpSaudi individuals aged 15 years and
over. It covers all Saudi Arabian regions and was conducted in 2013. The main objective of the
survey was to collect data relating to health, demografiftors,andsociceconomicaisk factors

The SMOH hoped that this would identify health inequalities in Saudi Arabia and how these related
to the major risk factors for common chronic diseases, informing policy and leading to better health

for the Saudi population.

4211 Survey design and flow

Thesuveyuseda multistagestratified sampledesignedo ensurethat the samplecollected
was appropriatefor eachstratum. The stratification wasbasedon divisioninto the 13 regionsof
the Kingdom:(Al Riyadh;Makkah Al Moukarrama;EasternRegion;Northern Borders;Madinah;
JezanAseer;Najran;QaseemiTabuk;Hail; Al W2! dB&iia). TheSaudiArabianCensudBureauhas
generatedsmallclustersof householdghat representthe primarysamplingunits' for the SHISThe
number of householdsper unit dependedon populationsize,density,and geographicalocation.
Interviewersvisited householdsn pairs- one male and one female- to enableparticipantsto be

interviewedby a memberof the samesex.
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The SHIS survey consisted of two phases. The first Wagsghold questionnaire filled out by the
interviewing teams. In the second, respondents from the first stage were invited to complete a
health examination at a local clinic. The two phases were further divided into four modules (three
modules in phase one@ne module in phase twoln thefirst module (household roster module)

the interviewer randomly selected an adult aged 15 years or above to complete the subsequent
modules. If the head of the household was away or unavailable, any other household mesulzke
provide the information. At the end of this module, the DatStat software randomly selected an
adult to complete the following survey stagd$ie household questionnaire included questions on
the following socicdemographic factors: Sex, age, marital status, education level, employment
status, and monthly household income estimate (MHIE) stdnalviduals who did not answer the

household income question were classified either as unknown or declined to respond.

Thesecondmodule (questionnaireand physicalmeasurementsmodule) was divided into
two parts: an adult questionnaireand collection of physical measurements.After obtaining
informedconsentfrom the randomlyselectedadult, they were askedaseriesof socicdemographic
andhealthrelated questions After completingthe questionnaire physicaimeasurementsuchas
weightand heightwere recorded(SHISariabledistedin the AppendixA). At the end, all selected
participantswere invited to visittheir localhealthclinicfor a seriesof further biomedicaltests. The
third module involvedthe final dispositioncodeto computethe responserate when the survey
was completed. In phasetwo, the final module (biomedical measurements) was based on
examinationin the localclinic. All blood sampleswere shippedto KingFahdMedical City (KFMC)
labin Riyadhwherethey were testedfor fastinglipid profile, O® 6 andvitaminD.Useof asingle
centrallaboratoryensuredthat all measurementsvere standardisedAll valueswere enteredand
then transferredto the MOH.Questionsrelatingto medicationand insulinusagewere alsoasked

duringthe phasetwo clinicvist.
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Located household
Identify head of household and obtain consent
Complete household roster - Module (1)
1
- = < Randomly select participant |
Obtain consent and then complete selected adult questionnaireﬁld physical measurement -
Module (2)
1
< 5 < Refer participant to local clinic |
~
Di ition coding L d on previous two module - Module (3)
Local clinic - Fill the first half of module {4) in the DatStat - Draw blood samples
A
< b < Ship blood samples to KFMC
~
Test blood sample for fasting lipid profile, HbAlc and Vitamin D in the KFMC
Enter blood testing results into the DatStat in the KFMC lab tech
Fill the second half of module (4)

Figure4.1 Saudi Health Interview Survey flow

421.2 Weighting methodology

As discussedpreviously,the SHISdata was provided with two samplingweightsfor data
analysis.The householdquestionnaireweight (first samplingweight) was an individualsampling
weightfor all participantswho completedthe householdquestionnaire Thisweightconsideredhe
selectionprobability of an eligible participantwithin a household the selectionprobability of the
householdwithin a stratum and the poststratification differencesin the ageand sexdistribution
betweenthe SHISampleandthe Saudipopulatiorf®. Thiswascalculatedby the followingprocess.
Firstly,anindividual@ probability of selectionwascalculatedoy takingthe total numberof sampled
individualsin their stratadividedby the total numberof householdsn that strataandthe number
of individualseligiblefor selectionin their household.

V& Q'QL RIS & 6 G WM AH 0 Q¢ &

0 ¢ GBI GON OGN NRQ QL WBEW di HO &
0 ¢ 0EOonQd @ 6 BN WEHMI 01 WX 6 @ WQTRE Q QU " EQXHTEWM OB 'Q COB@ERE 6 BN Q

{ SO2y Rt &z Iy A ydght@ds Rkizh ds ha invar§efof3he prabaig/of selection.

40 hitp://www.healthdata.org/ksa/projects/saudhealthrinterviewsurvey
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Finally, the household questionnaire weight was calculated as follows:

5N Qi O'QESWEAWQU "WHRLBO'R & QQDd QOVWIANOWE Q'UBI ¢ WEYDHOINEN 6 & HO Q¢ &
oM Qi w'Q & SN ABHD 6 Q @TXDE Q QIR V@ QQD ¢ HM dan a'Q

Thelab weight (secondsamplingweight) wasfor participantswho gavea blood samplethat
wasanalysedat a KingFahdMedical City (KFMCJab and usedfor subsequentdata analysis.This
weighttook into accountthe householdquestionnaireweight, the probability of visitingthe clinic,
the differencesbetween participantswho went to the clinic or not basedon socicdemographic,
health and behaviouralfactors and the pog-stratification differencesin ageand sexdistribution
betweenparticipantswho visitedthe clinicandthe Saudipopulation. Thisweightis definedasthe
ratio of the total number of sampledindividualsin that individual@ strata to the number of
individualsin that individuald stratafrom whom laboratorydatawere collected;multiplied by the
individual@ selectionweight computedasdescribedabove.

0 £ GEMON OAN M a N NRQQL WBED di OO © .
SME 6 GEIOTDE Q Q0 DRLINE Q QUKD IGO0 SoGEM O ¢

0 HOQWQ

The lab weight was calculated by the following formula:

Pr ¢ ROl @ aiQdd A QOO & Qi

PREMEQaMBDI QO Qi

The following flow diagram explathe additional weighto the SHIS weights:

(12,000) all Saudi adult aged 15 years or above Household weight

(10,821) individuals completed household interview questionnaire

(5,941) individuals attended at PHCC, drawn blood samples and shipped to
KFMC lab in Riyadh

Lab weight

(5,630) blood samples had correct values

(4,461) individuals had HbA1lc test "0 6 Test weight

Figure4.2 Flow diagram for SHIS stages and sampling weight
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42.1.3 Ethical considerations

Eachparticipantwasinformed of the purposeof the study,what participationwouldinvolve
and how longit would take to complete.Consentcould be written or verbal,and participantshad
the right to withdraw from the studyat anytime. Participantinformation andconsentsheetswere
translated into Arabic. All interviews and physicalmeasurementswere taken one-to-one by
someoneof the samegender.Eachinterview wascarried out by two interviewers,one who asked
the questionsandthe other who took the physicameasurementsNo other personwaspresentat
the interview other than the participantand eachparticipantwasassigneda unique ID number. |
canconfirmthat | have had permissionto analysethe SHISlatafrom the Directorof the National
DiabetesPreventionand ControlProgramin SaudiArabia.AppendixA givesa fuller descriptionof

the SHISrotocoland questions.

422 Saudi Arabia censuses and population estimates

| obtained contextualpopulationand demographicdata for SaudiArabiafrom TheGeneral
Authority for StatisticGASTATN SaudiArabiaandthe UnitedNations(UN).TheSaudipopulation
structure extractedfrom the GASTAWebsiteis the main sourceof official populationstatisticsin
SaudiArabid?!. Thiscomprisessix Saudicensuseshat are nationallyrepresentativefor both Saudi
and non-Saudiex-patriates by age and sex (for 1992,2004,2010,2016,2017,and 2018).1 also
extracted Sauditotal populaton life tables from the WHO website (2000 ¢ 2016¥? to make
projections for the Saudipopulation. Fourearly censusesvere conductedto provide Saudipolicy
and decisionmakerswith official dataand statisticsto supportnationaldevelopment(1974,1992,
2004,and 2010).Thepopulationstructurewasbandedby genderinto 5-yearagegroups(0-4, 5-9,
10-14 upto 80+)in eachcensué®. Bycombininghistoricalpopulationestimatescoveringthe period
19922018 with population projectionsup to 2030, | could generatea complete sequenceof

nationalpopulationestimatesin 5-yearstepsconstructedfor 5-yearage/sexbands.

41 population structure:Central Department of Statistics and Information, Kingdom of Saudi ArabieigDffebsite). Available from:
(http://ghdx.healthdata.org/WHOs/centradlepartmentstatisticsand-information-saudtarabig).

42\WHO Lifetabls: http://apps.who.int/gho/data/?theme=main&vid=61440
43 saudi censushttps://saudicensus.sa/en
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TheGASTABaudi populatiorestimates* were developed in stagesThe numbergor 20172018

were generated based on last censtenducted by the Saudi authoritiéis 2016 Thisprovided
interim data to bridge between the last full census in 2010 and the next census in 2020. This interim
census provided important data and indicators with which to monitor changes in demographic
characteristics. It used estimateddata based onprevious censusescoupled with recent
administrative records covargbirths, deaths, and migratiofhese estimates started in the middle

of the census year, termed the base year.

Thiscensus together with othesectorial projections, population and housing census results in the
GAS allowed baseline estimates of the total population size bysegj@istribution.Thenumbers

for the following years were projected based on assumptions relating to fertility, nograand
mortality rates. The GASTAT used a synthetic method to estimate population and provide a long
term projection of changes in population growth components (births, deaths, and immigration).
This method was also used to generate separate Saudi an<Baodi population projections in

2016 census by considering all available data on theSeurdi population.

After finalising the projections, both data and indicators were reviewed in two stages. In the first
stage, the projected population results wesgaluated against other data sour¢asichas the UN

and other relevant population projections sources. In the second stage, the projections were
further evaluated by comparison against specialised demographic studieaspueblished articles

to ensure he numbers were consistenThe following tables present the six Saudi censuses
extracted from the General Authority of Statistics (Sexbles 4.1and4.2). All these censuses can

be used for projecting population growth and distribution for social andheatic studies. 'Virtual'

censuses for 20162018 censuses can be estimated based on previous censuses from GASTAT.

44 Population Projections Methodolodnttps://www.stats.gov.sa/en/43
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4.2.3 United Nations population projections

Additionalto previouscensuses] obtained additional data for 2015 and 2020 from the
United Nations'World PopulationProspects' Thesedatasetsare provided as Excelspreadsheets
usingdifferent indicatorsand estimationmethodsthroughto 2100*. The United Nationsdataon
the Saudipopulation is basedon probabilistic projections. This method reflects the historical
variability of projectionsby consideringpreviousexperiencefor eachcountry. The current study
extractedthe Saudipopulation structure to predict T2DMprevalencetrends basedon available
datasets.The Saudi Ministry of Health (SMOHYelieson health statisticsand estimates from the
United Nations website as reliable data source (AFQuwaidhi et al., 2014b) United Nations,
Department of Economicand Social Affairs, Population Division (2017). World Population
ProspectsThe2017Revisior.

45 Projections in population structureThe United Nations; Department of Economic and Social Affairs. Population Division,
Population Estimate and Projections Section. Detailed indicators. Available from:
(https://population.un.org/wpp/Download/Standard/Interpolateq/ (https://population.un.org/wpp/),
(https://population.un.org/wpp/Download/Probabilistic/Populatior)] (https:/population.un.org/wpp/DataSources) ;
Demographic profiles:Https://population.un.org/wpp/Graphs/DemographicProfile)s/Projections data sourcestandard:
(https://population.un.org/wpp/Download/Standard/Populatioj/

46 United Nations, Department of Economic and Social Affairs, Population Division (2017). World Population Prospects: The 2017
Revision, Online @nographic Profiles. Available framtps://population.un.org/wpp/Graphs/DemographicProfilesAccessed on
[March 2019].
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Table4.1 The number oBaudi national population 19922018"

Chapter 4

Sex MALE FEMALE
Age 1992 2004 2010 2016 2017 2018 1992 2004 2010 2016 2017 2018
0-4 1,096,513 | 1,066,010 830,349 1,088,308 1,105,414 1,123,261 1,059,504 | 1,054,525 760,805 1,048,877 1,065,750 1,084,529
5-9 1,061,429 | 1,127,253 969,754 1,063,173 1,079,790 1,097,810 1,046,203 | 1,112,582 913,064 1,025,746 1,041,985 1,060,664
10-14 | 913956 | 1,081,884 | 1,070,045 | 948277 963,593 979511 | 883052 | 1,155,728 | 1,006,100 | 921,048 | 935929 952,700
15-19 660,372 948,707 1,149,837 896,157 910,426 926,156 674,584 938,982 1,044,838 864,870 878,743 894,846
20-24 | 525534 | 760,146 | 1065450 | 1,037,332 | 1,053,973 | 1,072,129 | 516,615 | 786,510 | 1,044,838 | 949321 | 964,084 980,185
25-29 | 415443 | 725413 | 943,734 | 963,289 978,880 996,017 | 455358 | 701,326 | 1,024,784 | 941,694 | 957,520 975,252
30-34 | 326933 | 569152 | 822276 | 867,516 881,634 896,790 | 320,143 | 575126 | 827,947 | 851,823 | 866,098 881,961
35-39 264,540 492,543 678,777 760,653 773,290 786,779 283,492 498,170 678,773 741,778 754,229 768,617
40-44 | 180,207 | 411,890 | 500,125 | 643,959 654,497 665841 | 186,672 | 372,981 | 515210 | 619,628 | 629,836 641,244
45-49 153,968 313,340 441,748 541,114 549,902 559,539 161,226 277,511 447,945 511,696 520,252 529,550
50-54 143,948 222,166 336,626 431,579 438,652 446,271 147,998 199,415 321,506 407,708 414,429 421,928
55-59 117,397 146,079 228,771 336,326 341,824 348,081 92,678 153,194 203,626 308,905 314,017 319,715
60-64 127,584 126,594 188,776 243,696 247,647 252,157 92,843 134,390 152,209 227,960 231,687 235,932
65+ | 227,969 | 296,193 | 348,989 | 409,985 417,392 425553 | 173,892 | 279,530 | 247,928 | 429,164 | 436,889 445,609
Total 6,215,793 | 8,287,370 | 9,575,257 10,231,364 10,396,914 10,575,895 | 6,094,260 | 8,239,970 | 9,189,573 | 9,850,218 | 10,011,448 10,192,732

47 General Authority of Statistics, the genepalpulationand housing census fd992, 2004, 2018ccessedn March 2019 [https://www.stats.gov.sa/en/13]
, population estimates 20162018 accessed on March 2018tps://www.stats.gov.sa/en/43
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Table4.2 Totalnumber ofSaudi population (National and Narational resident

MALE FEMALE

Age 1992 2004 2010 2016 2017 2018 1992 2004 2010 2016 2017 2018

0-4 1,299,829 1,289,391 1,120,415 1,364,535 1,391,364 1,421,387 1,254,396 | 1,270,272 1,017,471 1,310,397 1,338,056 1,367,544

5-9 1,243,974 1,334,260 1,290,134 1,412,610 1,441,596 1,474,952 1,225,681 | 1,310,483 1,170,116 1,358,422 1,388,283 1,420,685
10-14 1,043,533 1,258,452 1,366,851 1,236,014 1,261,617 1,290,059 1,008,717 | 1,323,387 1,223,326 1,192,305 1,218,464 1,246,253
15-19 740,526 1,081,182 1,400,540 1,132,009 1,154,648 1,180,718 755,279 1,099,005 1,229,522 1,084,041 1,107,108 1,132,037
20-24 784,713 1,058,397 1,514,914 1,315,835 1,342,577 1,372,725 618,359 946,430 1,251,078 1,155,922 1,179,394 1,203,773
25-29 1,028,036 1,352,119 1,780,159 1,672,065 1,712,597 1,761,010 611,759 941,482 1,338,173 1,360,343 1,393,713 1,428,320
30-34 960,572 1,278,882 1,813,164 1,795,177 1,842,356 1,898,027 546,507 846,219 1,157,665 1,268,056 1,299,730 1,332,414
35-39 764,240 1,167,277 1,548,167 2,123,161 2,184,487 2,257,350 426,764 688,273 956,393 1,276,827 1,311,434 1,347,654
40-44 500,822 923,873 1,154,033 1,930,607 1,986,896 2,054,536 259,012 494,888 696,611 1,107,577 1,137,967 1,169,310
45-49 325,684 651,488 889,798 1,487,446 1,529,717 1,580,928 197,845 350,286 562,841 773,673 793,049 813,067
50-54 236,052 415,299 622,604 1,075,976 1,105,834 1,141,779 171,009 242,931 396,836 506,199 517,043 528,518
55-59 157,287 230,959 371,607 722,149 741,308 764,508 102,991 174,838 242,618 373,285 381,069 389,390
60-64 148,295 166,149 257,485 450,237 461,487 475,084 102,991 149,363 175,904 274,019 279,657 285,780

65 + 246,410 331,689 401,600 541,898 553,989 567,893 187,765 300,988 277,131 486,795 496,896 507,959
Total 9,479,973 12,539,417 15,531,471 18259719 18,710,473 19,240,956 | 7,469,075 | 10,138,845| 11,695,685 | 13,527,861 | 13,841,863 | 14,172,704

48 General Authority of Statistics, the general populatiord housing census for 1992, 2004, 2010 accessed on March 2019 [https://www.stats.gov.sa/en/13]
, population estimates 20162018accessed on March 2019 [https://www.stats.gov.sa/en/43]
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4.3 Statistical method

431 Data analysis plan and structure

In my analysisl haveusedthree maindiabetesoutcomes eachexamininga different aspect
of affected status,namely:1) Prevalenceof diabetes;2) Diagnoss of diabetesand 3) Control of
diabetes.| have used each of these to investigatethe role of educationin understandingthe
developmentof diabetes;improvingdetection of the diseaseonce developed;andthe control of
the diseaseonce diagnosed.Thiswill contribute to the ongoing consideration of policiesand
interventions that target individuals who are more likely to develop the disease,remain
undiagnosedor fail to control the diseasevhenthey are awareof it. Dataanalysisvasperformed
usingSTATA.14 software and Microsoft Excel (2013).Most of study variableswere includedas
they were neededto addressthe researchaimsand researchquestions,particular for the main

researchoutcomes.

Thedatawasfirst checkedor inconsistenciesfor examplein nomenclature- andcorreded
where appropriate. Missingdata patterns were identified, and their impact consideredbefore
analysingthe dataset (see Chapter5 for details). The choice of appropriate statistical method
dependedon the nature of the study outcomesand the specificresearchquestion addressed.
Descriptiveanalysiswas performed using Chisquaregoodnessof-fit test to assesghe bivariate
relationshipsbetweenthe categoricaloutcome variable and exposurevariables.Theresultsare
reported by appropriatecrosstabulaion presentedasproportionsandfrequenciesBinarylogistic
regressionmodelling was used throughout all the analytical chaptersto test for association
between the three main outcomes (prevalence diagnosedand controlled diabetes)and study
exposurevariables. Additional methods are discussedwithin each of the four main analytical

chaptersasappropriate.
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In Chapter5, | investigatedhe associatiorbetweeneducationlevelandprevalenceof T2DM
and then predictedthe future trends of diabetesprevalence.The outcome usedhere considers
whether an individual has diabetes or not, irrespective of whether they have been formally
diagnosedThiswill be variouslytermedasW [RfATl 6 & & BIAR O °, anflifid@&edif someone
haseither previousy beendiagnosedwith diabetesor hasbeenidentified retrospectivelythrough
the "0 6 test. Thisoutcome therefore differentiates between non-diabeticsand diabetics. The
projectionmethodsusedare discussedn more detailin the chapter.Chapterssix and sevenfocus
on the diagnosedand undiagnosedpopulation. In Chapter6, | first investigatethe association
between educationlevel and diabetesbasedonly on the population with known diabetes.This
outcomeis variouslytermed WR A | Adk 2 » Sdé BLINES Okn@vdza X 12 6 $hdiGtingiat

individualshavereceiveda formal diagnosiof disease.

Themajority of previousstudieson sociceconomicfactorsin relation to diabetesare based
on suchdefinitions, howeverwith somevariation in precisediagnosticthresholds(Beneret al.,
2009, Corsiand Subramanian2012,Suet al.,2016) Basedon the resultsof Chapters, in Chapter
7 | focus on developinga prediction model for Undiagnoseddiabete€dor Yreviouslyunknown
diabete®i.e. thoseindividualswho did not seltreport ashavingdiabetes,but whoseblood tests
indicatedthat they are likely to have the disease.Additional methods usedin this analysisare
discussedasis a comparisorbetweenthe findingsfor diagnosedand undiaghoseddiseasean the

two chapters.

In Chapter 8, | concentrate on the associationbetween education level and controlled
diabetes.Thisoutcomeis defined asthoseindividualswho are aware of their diabeticstatusand
yet hadanormal’O 6 test, andfew studiesto date haveinvestigatedits associatiorwith socio
economicfactors (Khattabet al., 2010; Stringhiniet al., 2012). In this chapter| investigatethe
associatiorbetweenthe controlleddiabetesoutcomeandinterventionsbasedon diet andphysical
activity astwo of mainapproacheto managemenbof diabetes.In this chapter,asin the previous
analytical chapters, | include administrative region in the analysisas a potentially important
externalsociceconomicfactor. ThefollowingdiagramFigure 4.3 shows the surveyflow andhow it
relatesto the main outcomesof this thesis. Further discussioron eachoutcome and the most
significantexplanatoryvariables,chosenbasedon the previousliterature and study conceptual

framework,areincludedin the following chapters.

4% prevalence or all diabetes included diagnosed and undiagnosbdtdmcases
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(N=12,000) all Saudi adults aged 15 years or above

I L) (n =1,179) participants did not
14 respond.

Participants completed househeld interview questionnaire (n = 10,821)

n.) (n = 6,360) participants did not
v respond.
| Participants who had HbAlc test (n = 4,461) |
'S
[ >| (n=73) participants excluded TIDM
Ld

| Participants inclusion in the study (n = 4,388) |
T = (n = 47) participants excluded. Those
| It y) who had negative HbALc test and
answered to survey guestion:

| Participants inclusion in the study (n = 4,341)

. n=43 (Don't know)
. n=3 decline to respond

\/ *  n=1missing
| Diabetes | | No diabetes: (Low-risk: normal), (High-risk: prediabetes) |
Chapter 6

Chapter 5

Chapter 7

| Previous known (diagnosed) | | Previousl I Tund: ™ |

Chapter 8

| Controlled | | Uncontrolled |

Figure4.3 Survey flow and diabetes outcomes in this th&sis

4.3.2 Definition of thesis outcomes

Table4.3 presents the classification of diabetes outcomes based oridloed test and the self
reported question about diabetes asked within the individual questionnaire. Thed test
classified individuals into two groups: positivédfo 6 x ¢ ® giftegative ifO® 6 < 6.5%. The

NBf SOFyli ada2NBSe jdSaaAz2y g1 a Witka I R200G2NJ 2
RAF0oSGSa YSttAGdZAKQD ¢KS LI &4aA o-bubduing giegrameds, (2
do not know or dectie to respond. As shown the table,individuals were categorised based on

the three main outcomes used in this study: all diabetes, previously known diabetes, and controlled
diabetes. The firstt { dzNIIS & v dzS Pprésersytie ar@wefs doYihye setiported survey

question.

S0 Blue colour:representsChapter Soutcome Yellow colourrrepresentsChapter 6outcome Orange
colour:is follow up from previous chapter and represefisapter 7outcome Green colourrepresents
Chapter 8outcome
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These answers are further classified based orf@® 6 test with the interaction betweeffO &

test and survey question presented in the total columhere arghree main outcomesonsdered

in this thesis as mentioned in previous sectidihe first outcomea | £ £ RAIF 0S0S&aék LINBJI
includes all individuals who setiported as well as those who had a positi@@ 6 @& btest

even if notself reported. Thugthe nondiabetic group aly includes those who answered: no; or

yes, but during pregnancy to the survey quesima had a negative testndividuals who answered

R2y Qi 1Yy26 2N avksiNGhgaidkaa ieghtveByoieSt were excluded a$

do not whether they were unaffded or had controlledliabetes.

Thesecond outcomed LINB @A 2 dza f &  &diighdsiginciRdesindiBdiisfsavho
answered yes to the surveyuestion irrespective of their testtatusbut excludes individuals who
had a positivéO 6 test but had answered that they did not have diabetes in the survey question.
For inclusion in théhird outcomegroupd O2 y i NB f f SidRvidéars masthavs sedeported
diabetic status but haviead a negativéO® 6 test (O® O <6.5%). The corresponding uncontrolled
diabetes group will include only individuals who previously knew they had diabetes, but still had a
positive’O® O test. As mentioned in the introduction section, the saecband third outcomes will

be investigated in the following chapters (Chapter8).

Table4.3 summarizes the number of individuals that were excluded from the study. The
sample size for the study was 4,461 individuals who receiv@doad test and were aged 15 years
and aboveA total of 6,360ndividuals whalid not have aecordedO® 0 test were excluded from
the analysis. Some additional participants were excluded from the study if their respotise to
ddz2NBSe | dzPadly2¥ QF 590t AyS (12 NBDOWDWeRtuas2 NJ YA aaiy3
negative. The study used tHe® O test to determine diabetes status following the criteria used in
the National Health and Nutrition Examination Survey (NHANES, 2009), with indiwtiodisd a

"O® O test result of less than 6.5% classified as-dabetic.

Ly (0KS K2dzaSK2tR [[dzSadA2yyl ANBEZ AYRAGARdzZ fa 6AGK |
RAF0SUOSa R2 &2dz KI @SKE wMaDM 860864 ®%Y indicakTZVRagoh Rdzl £ & | y &
288 individuals answered that they did not know or declined to respond. As the main focus of this

study isT2DM individuals with T1DM were excluded from the stuttytotal 40.6% of the original

sample were included, giving a final sample $wethis study of 4,388 individuals. An important

aspect to note is that the Tabuk region was excluded from the study due to high ratessifig

data for the 'O® 6 test (only two successfliD® O test were reported), precluding any useful

estimate of diabetes in the region.
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Diabetes identification

Outcome measures

T -H- =jtest Surveyquestion Total All diabetes/ prevalence | Previously known/ diagnosis Controlled diabetes
diabetes
Sample size 4,388 4,341 937 538
1 Positive (+ve) Yes 301 Diabetes Yes (538) No (301)
2 Negative {ve) Yes 237 (919) Yes (237)
3 Positive (+ve) No 381 No (381) excluded
4 Negative {ve) No 3,331 No diabetes excluded excluded
5 Positive (+ve) Yes, but during pregnancy 9 Diabetes (9) Included to No (9) excluded
Negative {ve) 73 No diabetes excluded excluded
6 Positive (+ve) 52y Qi 1Yy+? 8 Diabetes (8) Included to No (8) excluded
Negative {ve) 52y Qi 1Yy¢? 43 excluded excluded excluded
7 Positive (+ve) Missing 1 Diabetes (1) Included to No (1) excluded
Negative {ve) Missing 1 excluded excluded excluded
8 Positive (+ve) Decline to respond 0
Negative {ve) Decline to respond 3 excluded excluded excluded

Positive (+ve)'0o 8 %6.5%;Negative {ve):"0® d < 6.5% Surveyquestion:Has a doctor or other health professional ever told you that you had diabetes mellitus?
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4.3.3 Inverse probability weight(IPW)

Oninitial analysiof the data, | noted that there wasmissingdatafor the 'O® 6 test that was
not accountedfor in the lab weight. Althoughall blood samplestaken as part of the SHISvere
shippedand tested at the KingFahadMedical City (KFMC)ab, in a proportion of casesan 'O &
testwasnot reported. Asaresult, | calculatedan additional weight to allow for participantswith
no"O® 6 resultdespiteattendingthe clinicand providinga blood sample. Theaim of developing

this newweightis:

1 Toinvestigateif the non-measuremeat of "Om O test in the SHISaffected the estimatesof

diabetesprevalence.

1 To derive weights which could be usedin the analysisof the associationbetween socio

economicfactorsanddiabetesmellitusin Chapter5.

Thenew weight would alsobe expected to improvethe accuracyof the estimate of diabetes
prevalenceusedto addressfirst researchquestionin Chapter5. The new weight was calculated
usingthe inverseprobability weight method to avoid selectionbiasin the analysis.Thismethod
correcis unequalselectionprobabilitiesin the sampleby combiningthe sampleselectionweight
with the missingdataweight(Little and Rubin,2014) Thenewweightis appliedto eachindividual,
takinginto consideratiorboth non-observeddataandsampleselection.In orderto obtainthe new
weight a binary logistic regresson model was estimated in which Y is a binary outcome with

observedcasesodedas1, andthosewith missingdatacodedasO:

ph EAU o
th EAU

Where:U is the outcome variable;w is observeddataand ¢ is missingdata. Thus1 refers to
individualswho had"O® 0 test (N=4,461),and 0 refersto thosewho did not havea O® 0 test
result (N =1,169).1 fitted the logistic regressionmodel basedon the result of using backward
selectionof variablesto avoid biasin the final estimates.Fromthe model, the probability of an

individualhavingan observedO® & canbe derived.
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The probability samplingis unit selectedfrom target populationwith specificprobability“ and

then the weight is representing’ . Hence,for example,if we selecteda unit in stratum "Cthat

represents ¢ inastratifiedrandomsample it canbe estimatedthat the populationtotal by the

weightsumis asfollows:

0 B “ ,which called the HorvitZhompson estimator, and the stratified mean can be

written as follows is approximate unbiased.

w o -B L ,wherethe sampling weightis ¢“ ¥B “

We extend this approach tobbain nonresponse probability:

NIl QEQ@EDOE NE€ERTIQ QA QOONAE Qi 1/ § EAAMDO 'QE ¢

Based on the available information for respondents and-respondents, we estimated the nen

response probability weight.
00 ® P 1 € @OO QA QO ®

| usedthe household weight to generate the new weighgthe household weight is an indildal
sample weight andve havetaken the inverse probability of selectioHence, the new weight can

be written:

0Ql Q@WQ '@ 6 IFQHEIQ " WQ 00 »

Accordingly both descriptiveand analyticalanalyseswere presentedusing four different
weightingscenariosunweighted;usingthe householdweight; usingthe lab weight; and usingthe
newlygeneratedweightcorrectingfor missingO® 6 data.However after comparinghe resultant
valuesin Chapter5, | foundthat householdweightappearedthe mostappropriateweightto apply

in subsequenanalyticalchapters.
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434 Binary logistic regressiomodel

The binary logistic regression model svased throughout to investigate the association
between education level and T2DM outcomes. The logistic model is a generalised linear model
(GLM) with binary outcome variables. GLMs are applied in cases where the outcome measure is a
binary response andra appropriate here given the nature of the study outcome variapfepesti
and Kateri, 2011)Thebinary outcome variable is denoted dsfor all individualsQ where

¢ ipand” is the probability ofw.

It assumed that there ar® independent variables denoted as for each subject in the datdhe

logistic model in this analysistigen described by the following equation:

T T Te T8 1o (4.1)

Q The transformation function of “ , which requires a range fof = (0, 1).The
transformation function needs to find the link function in order to identify logit to avoid

misinterpretation of the results, following the function is the logit transformation:

Qr a € Q— (4.2)

Where the odds are—— ofw p

Then, the binary logistic model by using the logit link funcigon
aé— 1 1w E o (4.3)
The expression is required to obtain the oddscof

E

" - (4.4)

Wherei are the survey participants ard hio 8 Fo represents the study explanatory variables.
After fitting the model, the interpretation of eadh in the modelis presentedas anodds ratios
(OR) with95% confidence intervaldhe odds ratias calculated to identify the most important

groups related to DM outcomes for targeted policy inteniens.
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4.4 Conclusion

This chapter provides a detaileddescription of the research data sources and main statistical
method used in this thesis, along with the ethical considerations relating to the study. The key
feature of the SHIS database that underpinis study is that it was based on a crgsstional mult

stage research design. Finally, | have presented the sampling method, data collection, weighting
approach, along with eationalefor the choice of analytical methods. The next four chaptEtsil

the analysis and present the findings for the four main strands of this study.
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51 Introduction

Worldwide, the prevalence of diabetes has increased dramatically over the last 40Aearading

to a recent diabetes report byhe World Health OrganisatiofVHQ 2016a) the EMR has the
highest prevalence of DNIL3.4%, and the prevalence of diabetes in Saudi Arabia is one of the
highest in the wdd (AFRasheedi, 2015As mentioned irChapter 3, the GCC countridsavefaced

a rapid socieeconomic transition thahasresulted in lifestyle changesith consequenimpact on
patterns of diseas@AFRasheedi, 2015)n particular the high prevalence of DM in the Arabian Gulf
region(Bener et al., 2009As a consequence, Saudi Araisieanked seventh in the listfaiabetes
prevalenceamong countriesvorldwide (Guariguata et al., 2014past diabetes research in Saudi
Arabia and the GCC countries investigated the association between T2DM and demographic factors
such as gender, agand health andbehavioural factors such as physical inactivity and obesity (see
Chapter2).

However, fewstudiesin these areas have explored the relationship betwesmtio
economicfactors and T2DM. This a missed opportunity, as exploring the relationship between
education and DM in Saudi Arabia will help policy makers to identéyventionsthat effectively
target highrisk groups. The need fauchevidencebased guidelines for the management and
prevention of T2DM was recommended in the 2016 WHO Global Report on Digh&i€32016a)
Healthy diet and physical activity weidentified as key areas of focus, particularly for lowecic
economicgroups. Education is another critical factor and is perhaps the strosgegteconomic
predictor of health outcome¢Dahlgren and Whitehead, 1991, Marmantid Health, 2007)it has
unique potential as a population intervention, as education remains stable over lifetime compared
with income and employment status, acting asogioceconomic¥accinatio® | 3 Ay ad 5a
related diseases. EducationimpdSa +y AYRAGARdzZ ft Qad OKIyOSa 27
is related to a higher standard of livifiglurad et al., 2014, Ajlouni etl., 2008, Hwang and Shon,
2014)
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In some cases, this might extend to better access to the health care services, and healthier
diet and activity levelshowever the relation$ip between education and diet might be more
complex during economic transition, as increased income allows access to more and a wider range
of food. Most studies of the association betwessticeconomidactors and diabetes have focused
on education levk Highly educatedndividuals are more likely to be aware of diabetasl more
likely to check their health status routinely. If diagnosed, they tend to monitor their blood glucose
better than less weleducated individuals. Several studies have show #isaa group, less well
educated individuals are both more likely to be diabetic and also to be unaware that they have the
disease (the previously unknown diabetes group). They are less likely to have knowledge of diabetes
mellitus symptoms and how they gaontrol it wellMajeed et al., 2014, Bener et al., 2009, Ajlouni

et al., 2008)

Any epidemiological study of diabetes requigeslear definition of disease status. Critical

to this study is the recognition that all diabetic patients undergo a journey from unaffected status,
through prediabetic, undiagnosed, and diagnosed phases to living with the disease and its
comorbidities. The transition between phases and eventual outcomes are influenced both by
genetic and socieconomicfactors. There are several outcomes that will be invgated in this
thesis, each looking at a differedefinition of affected status, as mentioned irh&pter 4. This
chapter considerswhether an individual has diabetes or not, irrespective of whether they have
been formally diagnosed. This will be termi&d f f R A preév&einc®® idicating if $omeone

has previously been diagnosed with diabetes or has been identified retrospedtiveve the
diseasethrough the'O® & test. Therefore, this outcomessentiallydifferentiates between non

diabetics andll diabetics.

Additionally, this chapter will providerojectionsfor T2DM prevalence and identify the
most important factors to address in reducing the high burden of T2DM in the Kingdom. Specifically,
| investigate the association between educational levels and the prevalelealopment of T2DM
amongst the Saudi adult population and explore how these associations are modifogshtgr
The study considers a set of risk factors includimgoeconomicfactors (e.g. employment status),
demographic factors (e.g. age), lifestyle factors (e.g. obesity), and administrative region and their

effect on the association between the prevalence of T2DM and education level.

51 Prevalence or all diabetes included diagnosed and undiagnosed diabetes cases
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One complication encountered in this dpsis concerned the weighting factors applied to
the data to reflect missing information. In ttf#HIS database¢he weighting factor applied to lab
data only addressed the attendance at the clinic and the taking of a blood sample, and not any
subsequent mEsingO® 6 results if a blood sample was taken. | therefore generated a new weight
to allow for participants who did not havé@a 6 result despite attending the clinic and providing
a blood sampleas discussed in Chapter 4 this chapter, | capare the results of the association
between education level and diabetes based on four different weighting methods: unweighted,
using lab weight, the household weight and the new weighexamine to what extent the results
are influenced by the new weighThis chaptethasthree main aimsthe first is to assesghe
prevalence estimates of diabetes using weighted and unweightedysesThesecond aimis to
investigate the association between tlseciceconomicfactors and the prevalence gizDM and
identify the interaction effects of educatiesex and educatiorthousehold income on this

relationship.These two aimaddresswo research questions:

1. How does the prevalence d2DMvary with and without survey weigsf?

2. What is the association between education level andphevalenceof T2DM in Saudi Arabia?
More specifically, is this association modified by sEw® do this association effects when
controlled forother factors includinglemographic, administrative regiospciceconomicand

lifestyle factors?

Thethird aim is to predict and quantify future projections and estimates of T2DM prevalence and
stratify these estimates by agsex groups to addreske need to helpreduce the hich burden of
T2DM in the KingdonT.he third research question is therefore:

3. What are the future estimates for T2DM total prevalence in Saudi Arabia? How do these

estimates vary by age and sex of the individuals?

Research hypothesid:hypothesise that less wedlducated individuals have a higher likelihood of
being diabetic than wekducated individuals and that there is an educatgander effect on the
prevalence of T2DMAdditionally, the prevalence of T2DM is expected to increass the next

five to ten years

This chapter is divided intfive main sectionsSection 5.2reviews previous studies of diabetes
projection models.Section 53 addresses the methodology of the approach and explains the
definition of the study variablesyaR & 0 0 AaGA Ot YSOK2Ra GKFG oA
results are presented iBection 54 including a sensitivity analysis, descriptive analysis, statistical
analysis of disease prevalence and future projection§2IDM The chapter concludesitiv a

discussion and summary of conclusiomSection 55.

113



Chapte 5

5.2  Background and rationale

Thissectionisfocuseson studiesthat haveexplicitlyaddresseduture projectionsof diabetes
prevalenceasopposedto risk factorsfor the diseaseln Chapter2, | reviewedglobalestimatesof
diabetesprevalence poth historicand current. Additionally,a number of country specificstudies
haveattemptedto projectfuture trendsin diabetesprevalence Toidentify suchstudies,| carried
out a systenatic literature searchusingMedline, ScienceDirect,and GoogleScholarcoveringthe
period 19902018 using the searchterms: Wiabete) ¥pe two diabetes Q#hodelQ Hiabetes
model QfrevalenceQprojectQPredictQ4utureQ4odrecastin article titles, abstractand keywords.
Articlesincludedin this study usedprojectionmodelsfor diabetesprevalencethat were basedon
total populationor largecohort datasetsof T2DM(seeTable5.1). | excludedanyirrelevantarticles
after reviewingand skimmingtitle and abstractof eacharticle. | excludedglobal predictionsof
diabetesprevalenceasthesewere discussedn Chapter2. Note that the final list of studiesdiffers
markedlywith respectto datasets,projectionmodeltype, andthe predictorsusedto generatethe

diabetesmodel.

Themajority of studiesuseddemographidactors,incidence migration,mortality, and high-
risk diabetesproportion trends as predictorsusedto perform the projection model. Othersused
diabetesriskfactorssuchaspopulationtrendsin the proportion of overweightindividuals obesity,
physicalactivity, and smoking.Somestudiesonly predictedtotal diabetesprevalence(diagnosed
and undiagnosedJor the population; othersfocusedon more specificaspectssuchasdiagnosed
diabetes diabetesmortality, pre-diabetesaspredictor of highrisk of diabetes,or healthcarecosts
for diabeticpatients.Overall,projectionsfor most MENAregioncountriespredictedhigher T2DM

prevalenceghan Westerncountries.

One of the limited number of projectionsfor SaudiArabia- the ¢Saudi DiabetesImpact
M2 R S A-Quwaidhiet al. (2014a)is of particularrelevance and | will considerit herein more
detail. Themaindata sourcesusedin this studywere the Saudipopulationstructure by agegroup
andsexobtainedfrom the CentralDepartmentof Statisticsand Information (CDSI)United Nations
population estimates and trends of diabetes prevalencebasedon obesity and smoking. The
populationstructurein eachcensuswvasdividedby sexand 5-yearagegroups(0-4, 5-9, 10-4 up to
80+).The AQuwaidhistudyestimatedthe total diabetesprevalencedor the adult Saudipopulation
(agex25) for the years1992¢ 2022by filling the gapsin availablecensusdata (19932003,2005
2009,2011-2014,20162019,and 2021-2022)usinga linear interpolation approach(Al Quwaidhi,
2013)
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Thisapproachestimatesunknownvaluesbetweentwo time pointsbasedon alinearincrease
assumptionForexampleto estimatepopulationin 1999wherethe availableflankingvaluesarein
1997and2005,the requiredformulais (7*| , | ()/8, where| , isthe populationsizein 1997and
| ¢ isthe populationsizein 2005, and 7 is the gapof yearsbetween 1997-2005 Thisformulais
appliedfor eachagegroupat eachsingleyear.Otherdatafor 2010,2015,and2020were obtained
from the World PopulationProspectspublishedby the United NationsDepartmentof Economic
and SocialAffairs. Thesedatasetsare availableasExel spreadsheetsisingdifferent indicatorsand
estimation methods up to 2100, with data for the Saudi population based on population
probabilisticprojections.Theprevalenceof T2DMshouldbe providedasagesexspecificrates;this
assumptiorisnecessay in orderto obtain standardisechgesexprevalenceratesfor eachyearand

for all availablestudies.Similarly the agegroup categoriesneedto be similarfor includedstudies.

The author used data from neighbouringcountries(e.g. Oman)to deal with missingage
groupsusingthe linearextrapolationapproach howeverthis assumeshat agespecificprevalence
rates were similarin these countries (AFLawatiand Jousilahti,2004) Thisapproachis probably
reasonablegiventhat the GCCcountries share similar environment, sociceconomicstatus and
lifestyle characteristics(AFQuwaidhiet al., 2014a)developedtheir T2DMpredictionmodelusing
1992 as starting year and diabetesprevalenceestimatesextractedfrom a publishednationwide
study (Warsy and EIHazmi,1999) Trendsin obesitywere obtainedfrom the samestudy andtwo

additionalSaudidatasetqWarsyandEIHazmi,1999,AFNozhaet al.,2005,AFHamdaret al.,2005)

Foranalysiof trendsin obesity,(AFQuwaidhiet al.,2014a)Jusedabodymassndexof greater
than or equd to 30QTH  to classifyobeseindividualsasthis wasthe valueusedin most similar
studies Missingdatawere estimated,againusinglinearinterpolation. Futureestimateswere based
onlinearextrapolationto predictvaluesoutsidethe rangeof the dataset Thestudyusedsensitivity
analysido estimatethe uncertaintyintroducedby assuming linearincreasen obesityand T2DM.
Theresultssuggestedhat total diabetesprevalencewould increasefrom 8.5%in 1992,29.2%in
2011,31.4%in 2013to a projected44.1%in 2022. Correspondinglythe number of people with
diabetesis projectedto increasefrom 555,000in 1992to 7.4 millionin 2022.In conclusionthe Al-
Quwaidhistudy providesevidencethat the prevalenceof diabetesin SaudiArabiawill continueto

increasebasedon trendsin obesityand smokingstatusthroughto 2022.
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In this chapter, | will apply similar methodsto extend these projectionsto 2030. Some
studieshaveprojecteddiabetesprevalencebasedon previoussurveysForexample the diabetes
prevalenceprojection model for England(Holmanet al., 2011) predided both diagnosedand
undiagnosedliabetes(total diabetesprevalence)n thoseagedl6 or overthroughuntil 2030.The
main data set usedfor input into this modelwasthe current Englishpopulation data set by age,
sex,ethnicity, and deprivationfrom the Office for National Statistics(ONS)or 2002¢ 2007.The
authors extrapolated the agesex specifictrends for 2002 ¢ 2007 using linear regression.To
constructtheir model, the authors extrapolatedthese trends, including ethnicity, from 2008 to
2030.Theseconddatasetwasthe agesexspecificprevalenceratesfor diagnosedliabetesbased
on physicianreported data, while undiagnoseddiabeteswas defined using HbAlcdiagnostic
criteria basedon data extractedfrom the Health Surveyof England(HSE2006). Overweightand
obesity prevalencetrends were also used to generate projections of diabetes prevalence
projections.Overall,the modelestimatedthat the prevalenceof diabeteswould rise from 7.4%to
9.5%(2010¢ 2030). The prevalenceestimateswere highestfor men, and for individualswith a

South Asianethnicorigin.

Other projectionsof T2DM prevalencehave relied on multi-state or seriesmodels. For
example.aUSstudy(Boyleet al.,2010)projectedtrendsof diabetesto 2050amongadultsaged18
-79years Thiswasafour-statemodelthat includeddiagnosediiabetes,undiagnosediiabetesand
no diabetesdividedinto two states(low-risk: normal,andhighrisk: prediabetes) Thedatasetused
for input wasfrom the USCensudBureau.Diagnosediiabetesestimateswere obtainedfrom the
Centrefor the DiseaseControland Prevention(1980¢ 2007)and projectionswere estimated using
logisticregressionTheresultssuggestedhat overalldiabetesprevalencewould rise from 14%to
21%overthe period 2010¢ 2050.
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Study Settingand Age group Data output Data input predictors used to Projection model Sensitivity and Validation Key findings
Year of survey perform the type uncertainty
projection analysis
Narayan et al. United States US total Projected prevalence of the age, sex, and Incidence rate of Markov model Model transition Not 1 The prevalence of diabetes increased from 5.62 t
(2006) National population diagnosed diabetes race/ethnicity-specific diabetes in 2004 three states (no rates using 95%CI|{ mentioned 12.0% (200%, 2050).
Health Interview (2005- 2050) prevalence and incidence o diagnosed T The number of people with diabetes (men: 7.59
Survey diabetes diabetes, million to 20.81 million; women: 8.59 millioo t
(19842004) diagnosed 27.47 million).
diabetes, and 1 The highest projections for those aged 634 and
death) 75 + (women 75+: 1.72 to 9.80 million; men 75+:
1.15 to 6.01 million).
Mainous et al. United States us Future diabetes Prevalence of total diabetes| Demographic factors,| Multi-state Markov increases in the Not T The prevalence of diabetes expected to rise from
(2007) National Health population (diagnosed and (diagnosed and incidence, migration, model proportion of mentioned 11.5% to 13.5% (20112021).
and Nutrition aged > 20 undiagnosed) burden undiagnosed) and mortality, and high persons at high Lii The total number of people with diabetes
Examination years for the adult US prevalence of diagnosed risk diabetes risk predicted to increase 25.4 million in 2011, 32.6
Survey (NHANES Population in 2011, diabetes projection. proportion trends by 10, 20 and 30% million in 2021, and 37.3 million in 2031.
Il mortality survey 2021, and 2031. Diabetes mortality as well as
(1976;1992), the estimates (alcause estimates based
NHANES Il (1988 mortality for diagnosed and on decreases
1994) and the undiagnosed diabetes. In the proportion
NHANES 19¢9 of persons at high
2002. risk for results.
Magliano et Australia- Australian | Lifetime risk of diabetes Agesex specific incidence Demographic Multi-state Agespecific Not The prevalence of diabetes expected to rise from 7.6%
al. (2008) Australian adult rates of diabetes. changes lifetables incidence rates of | mentioned | 11.4% (200@ 2025).
Diabetes, Obesity| population Number of years lived All-cause mortality in those diabetes,
and Lifestyle 3SR with andwithout with or without diabetes. Incidence and prevalence
populationbased years diabetes mortality rates diabetes, and RR
Survey mortality
(1999¢ 2000), and Projectedprevalence of
national mortality diabetes to 2025
data
Lau et al. Canada Canadian Projectedprevalence Agesex specific diabetes Demographic Life table model Not mentioned Not 1 Theprevalence of diabetes projected to increase
(2011) Four Alberta population (diagnosed) diabetes. prevalence. changes mentioned from 4.5% to 11.1% (20@72035).
Health and 3SR Historical agesex specific 1 The highest projection observed among individua
Wellness Projected health care incidence and mortality Incidence and who aged 75+.
databases costs of diabetes. rates. mortality changes

(1995- 2007)

(2008¢ 2035)

Future projections of
prevalence, incidence and
mortality.

The current and future
projected estimates of
population structure.

Health care costs data.
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Table 5.1Summary of diabetes prevalence projected models

Study Setting and Age group Data output Data input predictors used | Projection Sensitivity and Validation Key findings
Year of survey to perform the model uncertainty
projection type analysis
Huang et al. United States Diabetic male and Projected T Prevalence and incidence of diabetes. Demogaphic Markov Not mentioned Not mentioned The number of people with diabetes expected tc
(2009) the Centres for female aged 24 prevalence and T Total population structure and projections changes model rise from 23.7 million to 44.1 million (20@R034).
Disease Control 85 years incidence of obesity (agesexethnicity).
YR t NBO and diabetes 1 Population mortality data. Trends of
National Health 1 Estimated of future total health care population
and Nutrition Diabetes care and costs. rates of
Examination Surve complications costs| q Distribution of BMI categories. overweight and
and National 1 Yearly transitions across BMI categories. obesity.
Health Interview (2009- 2034)
Survey.
Honeycutt et United States Diagnosed Projected the T Estimated diagnosed diabetes prevalenc{ Demographic Markov Model run or Compared the 1 The diagnosed diabetes prevalence expect
al. (2003) National diabetes (US men| number of people and incidence. changes model LINE @I £ Sy | results with previous to rise from 4.4% to 9.7% (20Q®050).
Health Interview and women) with diagnosed i The relative risk of mortality from and incidences projected model
Survey (NHIS) US total diabetes and diabetes compared with no diabetes. 2000 using Lower 1 The number of individuals with diabetes
1984;2000 population diagnosed diabetes| §  Estimates of current population structure and Upper bounds predicted to increase from 12 million to 39
prevalence (2000 (agesexethnicity), live births, net of 95% million.
2050) migration.
three states 1 The mortality rate of the general
(diagnosed, not population.
diagnosed, and
death)
Holman et al. |  United Kingdom England Projected diabetes | The current projected estimates of Demographic Not the Model results 1 The prevalence of diates predicted to rise
(2011) Health Survey for | LJ2 LJdzf | ( A { prevalence (2010 population structure (agsexethnicity). changes. specified Prevalence compared with from 7.4% to 9.5% (20192030).
England 2006 16 (diagnosed 2030) 1 Age and sexspecific prevalence rates for estimates using results of the model
and undiagnosed) seltreported physician diagnosed Trends of multivariable from the general | §  The total number of people with diabetes
diabetes. population sensitivity practitioner diabetes expected to rise from 3.1 million to 4.6
i Glycated haemoglobin (HbA1c) results rates of analysis. Registers and the million.
used to identify undiagnosed diabetes overweight and results of the PBS
prevalence. obesity. Diabetes Prevalence|
1 Future projections and prevalence of Model.
overweight and obesity.
Helms (1992) United States US total Projected the T US population data and projections Estimated Not Not mentioned Not mentioned The number of people with diabetes increased
population number and T Age prevalence of diabetes 1987 incidence of specified from 6.5 million to 11.6 million (19872030).
prevalence of 1 Ageincidence rate of diabetes 1987 diabetes

diabetes (199@
2050)
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Study Setting and Age group Data output Data input Predictors used to Projection | Sensitivity and | Validation Key findings
Year of survey perform the model uncertainty
projection type analysis
Boyle et al. United States US population | Projected annual diagnosed diabete Current and projected estimates of Incidence and Multiple Different Not 1 The diabetes prevalence projected to ris¢
(2010) US Census aged 1879 (2008- 2050); projected annual diabetes incidence, and prevalence of mortality of diabetes states values based | mentioned from 14% to 21% (20102050).
Bureau years diabetes prevalence (206®2050) diabetes and prediabetes. trends. dynamic on mortality Ll The number with diagnosed diabetes
Current and projected estimates of models risk and projected to increase from 11 million to
mortality rates, net migration, and Incidence. 29 million.
births.
Bagust et al. United UKpopulation Projectedincidence and prevalence Projected total population structure Demographic changes| Markov Results Not 1 The total diabetes prevalence will rise by
(2002) Kingdom- aged Di 59 of T2DM. (agesex). model presented mentioned 11% maximum in 2030 for those aged
combining The trends in the levels of diabetes| Prevalence of diabetesomplications. used standard 30+, then decrease to 8.5% by 2060.
historical related complications. Annual costs of T2DM population error of
population The annual health care costs of proportional
estimates for T2DM and its complications. reduction in
the UK (20007 2060) cardiovascular
covering the mortality.
period 1931
96
(Ruwaard et Netherlands Dutch total Projected number of diabetic Estimates and future projections of Trends of diabetes Not Results based | Compared | The number of diabetic patients expected to
al., 1993) population individuals and prevalence of prevalence and incidence of diabetes, incidence and specified on diabetes the results | rise from 244,000 in 1990 to 355,000 in 2005.
diabetes and life expectancy. population life prevalence, with
(1980- 2005) expectancy incidence, and | previous
life expectancy | prevalence
reduction. estimates
(Martinsen et Greenland Greenlandic Projected prevalence of T2DM (199 Current and proje@d estimates of Demographic changes| Based on two Not 1 The number of people with diabetes
al., 2006) Greenland population - 2014); and Projected prevalence o population structure age®35 years. Linear scenarios of reported predicted to rise from 3,100 to 4,600
Health Survey aged018 complications (1999 2014) Current and projected estimates of Obesity trends function BMI (1999- 2014).
(1993- obesity prevalence. changes distribution 1  The prevalence of diabetes expected
1994) Current and projected estimates of trends increase for women: 10% to 23%; but
Health Survey diabetes complications. decrease for men: 12% to 11%.
(1999- 2001)
(Andersson et Sweden National Projected diabetes prevalence (201 Prevalence diabetes estimates ag@80 Annual forecasts of Not Based on Not 1 The prevalence of diabetes expected
al., 2015) population i 2050) years. Sweden population specified different reported increase from 6.8% in 2013 to 10.4% in
aged020 Previous data on relative mortality with assumptions 2050.

diabetes, and demographic projections,|
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Table 5.1Summary of diabetes prevalence projected models

Study Setting and Age group Data output Data input Predictors used to Projection Sensitivity and | Validation Key findings
Year of survey perform the model type uncertainty
projection analysis
AlQuwaidhi et Saudi Arabia Saudis aged Projected prevalence of | | Saudi population structure by age Demographic Discretestate Analysis of Compared | | The total diabetes prevalence estimated to
al. (2014a) Central 025 years T2DM (1992 2022) group and sex. changes Markov model extremes the results rise from 8.5% in 1992, 29.2% in 2011, 31.4¢
Department of old ] The trends in the prevalence of two SAUDI IMPACT| methods and with in 2013 and 44.1% in 2022.
Statistics and riskfactors obesity and smoking. Obesity and Scenario previous | §  The number of people with diabetes expecte
Information and smoking trends analysis prevalence to increase from 555,000 to 7.4 million (1992
the United changes estimates 7 2022).
Nations
population
estimates
Awad et al. Qatar- Qataris aged Predict trends in 1 Prevaénce and incidence of diabete Demographic Mathematical Relative risk -- 1 The prevalence of diabetes expected to rise
(2018) Epidemiological | 157 64 years T2DM prevalence and Total population structure and changes model based on (RR) of from 16.2% to 24.0% (20122050); women:
and old incidence (2012 projections (agesex). sex, age, risk mortality in 15.9% to 22.9%; men: 17.5% to 24.9%.
demographic 2050). 1 Projected of future total health Obesity, physical | factors status T2DM 1 The highest projected group was #54
history data Estimate health expenditures for T2DM. activity and and T2DM compared to years old.
expenditures directly | §  Distribution of BMI, smoking and smoking trends status. the general 1 Thetotal number of people with diabetes
attributed to T2DM. physical activity categories. changes population and predicted to rise 20,953 to 51,921.
Evaluate the key risk Monte Carlo
factors of T2DM. sampling for Cl
ranges.
Al Ai et al. Syria- Syrians aged| Projected the prevalence of] | Syrian population structure by age Demographic Discretestate -- -- 1 The prevalence of diabetes projected to rise
(2013) The Syrian 025 T2DM (20032022) group and sex. changes Markov model double from 10% to 21% (20032022);
Bureau of i The trends in the prevalence of two the IMPACT women: 12.2% to 23.6%; men: 7.7% to 19%
Statistics and risk factorsobesity and smoking. Obesity and Diabetes Model 1 The total number of people with diabetes
United Nations smoking trends expected to rise (686,195) to (2,944,814).
changes 1 In women (423,694) to (1,611,729).
T In men (262,80) to (1,333,084).

Saidi et al. Tunisia Tunisian Projected the prevalence of] Tunisian population structure by age Demographic Markov model | Analysis of Compared | The prevalence of diabetes expected to
(2015) The Tunisian population T2DM 1997 and 2027 group and sex. changes the IMPACT | extremes the results increase from 12.0% in 1997, 15.1% in 2005
National aged025 1 The trends in the prevalence of two Diabetes Model | methods with t2DM and to 26.6% in 2027.

Nutrition Survey years old risk factors obesity and smoking. Obesity and prevalence | 1  The number of people with diabetes
1996/97 smoking trends survey projected to rise from (516,000) to
changes 2005 (2,125,000).
9 In females: 12.9% in 1997, 14.1% in 2005 ar
24.7% in 2027.
9 In mdes: 13.5% in 1997, 16.1% in 2005 and

28.6%.
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53 Methods

5.3.1 Weighting method and sensitivity analysis

As noted above,generated a new weight to provide unbiased and representative estimates of
diabetes prevalencelhe ‘0 gytest has a high level of nembserved values, yet the SHIS weights
only accounted for an individual failing to attend clinic for a blood test@ddot accountfor a
failure in analysis. As a result, this weight did not truly reflect mié@ﬁg&;,test results | therefore
calculated an additional weight taking this into accotméensurethat results are representative of
the population. Thenew weightis based on the inverse probability weight (IPW) method of an

observedO® gtest out of the total sample size (s€hapter4).

This weight was generated after model selection based on sex,sagseconomicfactors
(education level, employment status and household income), marital status, previously diagnosed
diabetesand region. Agesex,and region factors were related to rsiag data and used to generate
the new weight based on the selection procedure results."ﬂ]ﬁgg)test weight is defined as the
IPW multiplied by the SHIS household weight. The aim of the calculation of thi%gt)test
weight is to investigatdf the absenceof ’O(I),Q;)in the SHIS affects the estimates of diabetes
prevalence and to derive a weight which could be used in the analysis of the association between
education level and2DM prevalenceThe new weights compared with the SHIS weighasd

unweighted resultdo assess its influence on the results

5.3.2 The association between education level and prevalence of diabetes

In this chapter,| focuson two main analysesaddressinghe researchquestionsdefinedin
Section5.1. The first investigatesthe associationbetween education level and prevalenceof
diabetesbasedon whether individualswere previouslydiagnoseddiabetes or not. Thisoutcome
variableis the resultof crosstabulation betweenthe HbAlctest result: (HbALlc< 6.5%0r HbAlox
6.5%)andthe surveyquestion:a | | ydfeverbeendiagnosedvith diabetesby a doctoror health
LINE F S & ackardifidfofthié élassficationtable discussedn the previoussection.Binarylogistic
regressiorwasselectedfor the first analysigdue to the dichotomousnature of our studyoutcome
with the objective of understandingthe relationshipbetweenthe outcomevariableand possble

explanatoryvariablegseeChapter4).
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Theanalyticalframeworkfor this chapterassumeghat sociceconomic demographicand lifestyle
factors increasethe likelihood of an individual being diabetic. Thisis basedon the conceptual
frameworkfor the prevalenceof T2DMpresentedin Chapter2 and pastliterature studieson the
relationshipbetweenthe prevalenceof T2DMandeducationlevel. Forexample suchfactorsmight
influencethe likelihoodof anindividualdevelopingdiabetesthroughaneffecton obesity.Individual
demographiccharacteristicssuch as age, marital status and gender could affect an individual) a

sociceconomicprofile andthe likelihoodof beingobeseanddiabetic.

In addition to individuallevel characteristicspreviousstudiesindicate that regionalfactorsalso
affectanindividuahl Bkelihoodof beingdiabetic. All factors consideredn the review chapterand
availablein the datasetwere includedin the analyticalframework. Before appling the logistic
regressiormodel, | appliedbivariateanalysigo assesshe significanceof associatiorbetweenthe
prevalenceof diabetesand explanatoryvariablesusingthe Chisquaretest with a significance
thresholdlevelof p=0.05 After checkingor significantrelationshipssixlogisticmodelswerefitted
for prevalenceof diabetes,controlledfor different socioceconomic demographiclifestylefactors,

andadministrativeregion.

Thefollowingtable presentsthe analyticaframeworkandsixlogisticregressiormodels.Toaddress
the researchquestionspresentedin section 5.1, model one will study the relationshipbetween
educationleveland prevalenceof T2DM.In successivenodels,| then addedother factorsto the
logisticmodelto seeif they affectedthe strengthof this associationModel two addsdemographic
factors;modelthree testedthe effect of addingthe regionvariable;model four addedother socic
economicfactors; model five addedlifestyle factors;finally, model six addedan interactionterm
to test for a gendereffect. Asmentionedabove,the populationeligiblefor the outcomeusedin
this analysiscontained937 individualswith diabetesand 3,404 individualswho did not havethe

disease A summaryof the explandory variabless presentedin Table5.3.

Table5.2 Analytical frameworks for the prevalence iDMoutcome

Main predictor Model adjustment Variables list based on SHIS database

Education level | Model 1: Unadjusted

Model 2: Demographic factors Age,sex,and marital status

Model 3: Geographical location Administrative region

Model 4:Socieeconomicfactors Employment status and household income
Model 5: Lifestyle factors BMI, smokingdiet, and physical activity

Model 6: Full adjusted + gender differenceq Model 5 + interaction between education level and sex
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Socieeconomicfactors

1 Educationlevel wascategorisednto sixgroupsbasedon the yearsof educationan individual
had completedin or referencedto the SaudiArabianeducation system.| classifiedthose
without formal educationinto two groups:thosewho cannotreador write, andthosethat can
read or write but did not haveformal education.Thesixcategoriesor educationallevelwere
therefore: Low education: (1) unable to read and write; (2) no formal education; Middle
education: (3) primary schooleducation;(4) intermediate schooleducation;High education:
(5) high school education; (6) university degree and above (which included completed

university,postgraduatedegree,andtechnicaltraining).

1 Employment status was categorisedinto six groups: (1) employed; (2) unemployed; (3)
student; (4) homeworker; (5) retired; and (6) selfemployed. & Sployec status groups
employeeswho worked in either the governmentalor non-governmentsectors.However,in
the nextchapterthis categorywill be further dividedinto publicandprivate sectorsemployees.
Theunemployedgroupincludedthoseableto work but unemployedat the time of the survey;
thosewho are unableto work andindividualswho are in unpaidjobssuchasvolunteers.Asin
previousstudies,| choseto excludestudents,homeworkersandretired so that they could be

analysedseparately.

1 Monthly householdincome estimate (MHIE)statuswas collectedin nine groupswithin the
survey itself, with respondentsidentifying from a list about the category of income they
belongedto. Thiswasreclassifiednto five groups.Lowest: (1) lessthan 3,000Riyals{2) 3,000
Riyalgo lessthan 5,000Riyalsy3) 5,000Riyalsto lessthan 7,000RiyalsLow: (4) 7,000Riyals
to lessthan 10,000RiyalsMiddle: (5) 10,000Riyalgo lessthan 15,000Riyas; High:(6) 15,000
Riyalgo lessthan 20,000Riyas; Highest:(7) 20,000Riyalgo lessthan 30,000Riyas; (8) 30,000
Riyalsor more; Missing:(9) Unknownor declinedto respond.Individualswho did not answer
the householdincomequestionwere classifiedasunknownor declinedto respondto reduce
the effect of the high level of missingdata observedfor the question(18.0%of regponsesto
the incomequestionwere missingand classifiednto this group).Basedon previousresearch
into the reportingof income,this groupismorelikelyto be madeup from householdgrom the
highestor lowestincomegroup(Kimet al.,2007) However researcton thistopichasnot been
conductedfor SaudiArabia,andhencethis assumptiorcannotbe assuredDueto the potential

heterogeneityin this category interpretation of resultsfor this groupis difficult.
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Demographic factors

Genderand age were considered as demographic factors, and marital status as a social
factor. Age is one of main risk factdos diabetes. | treated age as a categorical variaipli into
categories to reflect previougbservationsthat the middleaged grouphad the highest diabetes
prevalence(El Hazmi, 1998, Connolly et al., 20003e wadherefore divided into six 1§ear age
groups. Marital status was classified into three main groups based on the marital status answer in
the SHIK2 dza SK2f R [jdzSaiA2y Yy ANB® ¢KS WasSLI NI 6SRQS WRAC
merggR Ay (2 2yS ANRdzZLI WOdNNByidfeé& yz2i YINNASRQO®

Lifestyle factors

Obesityis one of main lifestyleindicatorsthat is modified by physicalactivity and diet. Bodymass
index (BMI) was used as the measureof obesity and calculatedas weight (QY2 height (& ).
Participantswere categorisedinto four main groups as per standard recommendations:(1)
Underweight(BMllessthan 18.5) (2) normalweight (BMIbetween18.5and 24.9)¢ the reference
category (3) overweight(BMIbetween25.0and29.9);(4) obese(BMImore than or equalto 30.0).
Furthermore,a measurefor diet was calallated basedon the daily servingsof fruit, vegetables,
chickenandred meat. Servingper daywere estimatedfrom the dietary questionnaireasthe sum
of the averagedaily consumptionof fruit, vegetablesred meat, and chicken.However there are
four dietary questions available in the SHIS dataset ("How many servings of
fruit’/vegetables/chicken/meatloyoueatononeofthoseR I & drd§gons&svereincompletewith
some20%datamissing Theserespondentavere classifiednto missinggroup. Thelevelof physical
activity?® (High or Moderate, Low and None) was used as a dependent variable. | used the
International PhysicalActivity questionnaireto classifyrespondentsinto four groupsof physical

activity (Craiget al. 2003):

| Vigorousphysicalactivity: A high level of physicalactivity is consideredas a total of more

than 450minutesof moderateto intenseactivity per week.

1 Moderate physicalactivity: A moderatelevel of physicalactivity is consideredas a total of

150¢450 minutesof moderate to intenseactivity per week.

52 Survey questionsDo you do any vigorous/moderaiatensity sports, fitness or recreational (leisure)
activities that cause large increases in breathing or heart rate f@aat 110 minutes continuously?

In a typical week, on how many days do you do vigorous/moderaénsity sports, fithess, or recreational
activities? How much time do you spend doing vigorous/modernattensity sports, fitness, or recreational
activities ona typical day?
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1 Somephysicalactivity but insufficientto meet vigorousor moderatelevels: A low level of
physicahctivityis consideredasatotal of lessthan 150minutesof moderateto intenseactivity per

week.
1 No physicalctivity.

Smokingis one of main behavioral factors that increases the likelihood of developing diabetes.
Smoking status was classified into three categories: (1) never smoked;-¢B)oker; and (3)

current smoker.

Community factors

The study used theegion variable to explore regional difference in the three diabetes
outcomes.Recentstudies highlighted regional variation in the prevalence of diabetes within the
same populatiorfAFMoosa et al., 2006, Mluaim et al., 2012Where region was categorised based
on the 13 administrative regions: (1) Al Riyadh; (2) Makkah; (3) Eastern Regidigri@grn
Borders; (5) Madinah; (6) Jezan; (7) Aseer; (8) Najran; (9) Qaseem; (10) Tabuk; (11) Hail; (12) A
Jouf; (13) ABaha. In this study, the region variable wastlassified based on geographieald
urbanisation criteria (1) Central region(Al Ryadh and Qaseem)2) Eastern regior(reference
category);(3) Western regior(Makkah and Madinah)4) Northern region(Northern borders, Al
Jouf, and HailX5) Southern regiorfJezan, Aseer, Najran-B&aha). Asentioned inChapter 4the

Tabuk region wasxcludeddue to limited number of respondents who completed the lab stage.

All analyses were carried out using STATA software version 14 (Stata Corp. Inc, TX, USA), ar
Microsoft Excel 2013. Descriptive statistics were used to descriterglasharacteristics. | used €hi
dljdz- NBR GSada G2 |aasSaa GKS NBft I GA 2 gravilents) o S
and the study variables. The association between education level and the prevalence of diabetes
was investigated based on argeralised binary logistic regression model and investigated before
and after adjusting for demographic, lifestyle, asuticeconomicfactors (employment status and

household income). Both unadjusted and adjusted odds ratios were estimated for educagbn le
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Most ofthe reference categories were chosentie related tomy primary interestedased orthe
previous literature As this chapter is focused on better understanding the risk factors of diabetic
individuals, | selected as reference categotfesse groups expected to have a low risk of diabetes.
With respect to the age variable, for example, | chose the youngest age group. Another important
factor in choosing the reference category is based on sample size. In the case of the body mass
index vaiable, for example, although both the underweight and normal groups were less likely to
be diabetic, | chose the normal weight category as the reference as it provided the largest sample

size.
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5.3.3 Projection of the prevalence of T2DM

Inthe secondanalysis] predictthe future trendsof diabetesprevalenceby ageandgenderthrough
to 2030.Thisprojectionrequiredreliable Saudipopulationestimatescoveringthe relevantyears.
therefore useddemographiadata from two independentsources - the United Nationspopulation
projectionsand the Cohort ComponentProjection (Hinde,2014) - to constructa robust Saudi
nationalpopulation projection(for more detailsaboutdatasourcesseeChapter4). Combinedwith
the historic prevalencedata and my modelling of sociceconomicfactors, this allowed me to
producefuture estimatesof diabetesprevalenceusingtwo independentapproachedo increase

confidencein the projections

5.3.3.1 Method 1: United Nations populatiorprojections

In the first method | calculatedpercentagesdasedon the United Nationsdata and the available
Saudicensus. first calculatel the percentageof the Saudinational populationfor eachagesex
groupin all availableyears.| then extendedthe calculationof these percentagedor eachof the
projected years (2020, 2025, and 2030) calculatedas follows. For example,to calculate the

percentageof Saudimalenationalsaged5 ¢ 9 yearsin 1992:

¢
¢

= pnny® QP

¢
¢

Formy projections,therefore, there are two different possibilities First,the percentageof Saudis
remainconstantat 2018levels- the conservativeassumption A secondpossibilityis that the any
trend observedbetween2016and 2018continues at the samerate. In orderto calculatethe age

sex group percentagesfor the projected years, | calculatedthe averagedifference between

2016/17and2017/18.Theformulafor averagegrowth from 2016¢ 2018is givenby:

3N Qi O'Q & SBCADMBITT p YFADNQT G'QE D WA WRimp ¢
Forexamplefor SaudimalesagedO - 4 the averagencreaseperyearis0.365.1 appliedthisincrease
to estimatethe percentagefor this age group in 2020,2025 and 2030. For this age group, the

percentageof Saudiswill be 74.64in 2030. Thiscalculaton appliedto all projected population

years.Thepercentagefor Saudisaged(0 ¢ 4) in 2030:

N'Ql OQ&SHWINA DU © p¢ OO QI QIO D6 A'Bid QIR w.
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After finishingthis step, | then extractedthe total Saudipopulationby ageand sexfrom the United
Nationswebsitefor theseyears Asthe UNpopulationprojectionsincludeboth Saudandnon-Saudi
nationals,| appliedthe percentagexalculatedaboveto derive estimatesfor the agesexstratified
Saudinational populationin 2020, 2025 and 2030. | applied these calculationstwice to derive
projectionsbasedon the conservativeand non-conservativegrowth assumptionglescribedabove.
Finally | calculatedthe total prevalenceof eachyear by divided the total number of diabetic

patientsoverthe total numberof Saudipopulationsin specificyear.

5.3.3.2 Method 2: Cohort component projection

In this analysisl usedthe Cohort ComponentProjectionmethod to estimate the Saudinational
population without consideringfertility and migration (Hinde, 2014) This method starts with
applicationof the survivorshipratio for the whole populationobtainedfrom the WHOlife tables.
The survivorshipratio formula is basedon the L and T columnsfrom the life table where L
representsépersonyearslived betweenx and E b yarid T represens épersonyearslived above
ageE £Twomainassumptionsre consideredn this methodfor projectingpopulationto 2023and
2028.Firstly,those individualswho were aged20-24 in 2018will be 25-29 in 2023,s0 | usedthe
number of individualsin 2018.1 then appliedthe survivorshipratio | obtainedfrom the WHOlife
tablesin 2016(seeChapter4). Forthe survivorshipratio, | usedthe ratiosfrom the Lcolumn.l then
calculatedthe survivorshipratio from the 0 and “Y columnsextracted from Saudilife table
mentionedabove.Thesurvivorshipratio formula:
Yo 0ty hb 0L 5
However,asthe oldestage group hasa different survivorshipratio formula (65+)1 usedT rather

than Lfrom the life table):

i 61 0'TWME WD @ 0 0

Thus,to calculatethe numberof individualsto survivethe next5-years.then the formulawill be:

06 6 u 0O 0O Y §

129



Chapter 5

For example, calculating the survivorship ratio between 2024 and 2529 gives:
484550.3/487084.30.994797615In other words,0.994790f thoseaged20-24 surviveto 25-29,
givingan estimate of 1,066,551Saudismalesin 2023. Howeveras mentioned before there is a
complication in that the available life tables represent the Sauditotal population including
immigrants,when | have assumedno migration | therefore removedthe effect of migration by
applyingthe samesurvivorshipratios to the Saudinational population (estimatedasdescribedin

the previoussection)insteadof the total population.

Additionally,as| aimedto projectthe populationof thoseaged25 yearsand above,l needto
includein the analysisall individualsaged15 ¢ 19 yearsold in 2018,asthey will be agedover 25
yearsoldin 2028.Thethird stepin the analysisafter calculationof survivorshipratiosandapplying
theseto populationestimatescorrectedfor SaudiNationalsis to project the prevalenceof T2DM
using2013asstartingpoint includingallindividualsaged25yearsor over.| carriedout the analysis
usingMicrosoftExceR013.Finally,it shouldbe stressedhat | havemadefive mainassumptionsn

this projectionof T2DMprevalence.

1) Theavailableprevalenceratesin the studywere appliedto the midpoint of the period range
for example,if a study was conductedbetween 1996 ¢ 2000, | assumedthat the estimates

appliedto 1998
2) ladjustedageintervalsto 5-yearsto be consistentwith pastprevalenceratesstudies
3) Thedistribution of the Saudipopulationremainsconstantfrom 2016
4) Trendsin T2DMprevalencedentifiedin the surveyswill continuelinearlyuntil 2030

5) Mortality ratesremainconstant

54 Results

54.1 Weighted and unweighted estimates of T2DM prevalence

Theoverallprevalenceof all diabetesvariedbetweenl11.2%and16.5%dependingon the weighting
factor used(seesection5.3.2.1for a discussiorof weightingfactors). Theunweightedpercentage
gavethe highestprevalenceat 16.5% Thenew ‘0@ & weight developedin this study estimated
diabetesprevalenceat 11.5% whichis slightly higherthan that estimatedin the SHISeport and

usingthe labweightgivenin the dataset,whichwas11.2%.
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Theseare shownin Table 5.4, which showsthe prevalenceof diabetesusingeachof the four

weights:unweighted Jabweight, householdweightonly andthe 'O ‘fg,testweight.Thehousehold
weight is designedto ensurethat the resultsare representativefor the Saudipopulation;the lab
weight mitigates the influence of missingdata for visiting the clinic, and the "O(I)&:,test weight
correctsfor missingO® ,fz;)test data. Theassociatiorbetween educationlevel and the diabetes
prevalencebasedon eachof the four weighting method scenariosis presentedin AppendixC

Beforethe relationshipisfully adjusted(Model 1), all four weightingmethodsshowsimilarpatterns
of association However after adjustmentfor demographidactors(Model 2), the unweightedand
householdweight models have higher impact on the associationbetween educationlevel and

diabetesthan other weights.

Inthe caseof both the labweightandthe new 'O Qweight,the modelswereno longersignificant,
evenhoweverall four methodsgavea similar pattern. It is possiblethat the resultsusingthe lab
weight and the new (O]A ,'g‘g;,weight are affected by the variablesusedto generatethe weights,
resultingin an overfitted model. When usingboth the lab weight and the new "0 & weight,
educationwas no longer significantlyassociatedwith diabetesprevalenceafter controls were
addedto the model. In light of theseresults,| decidedto apply the new "O(T),fg)weightonly to
estimates of diabetes prevalenceand use the householdsamplingweight for analysisof the
associatiorbetweeneducationleveland diabetesmellitus outcomes.Thisweight bestreflectsthe
samplingapproachusedto selectindividualsfor the surveyandistherefore mostlikelyto provide
representativeresults.It avoidsthe risk of overfitting the modelandis lesslikely to be distorted

by attemptsto correctfor missinglab data.

Table5.4 Prevalence of diabetes status in the Saudi Health Interview Survey data, KSA, 2013

Threshold between
Weight Non-diabetics Prediabetes Diabetics
<57% 5.7¢6.49 % X € Opi:
Unweighted 60.7 22.8 16.54
Householdweight®3 64.9 22.5 12.6
Lab weight* 67.8 21.1 11.2
1 1 =utest weight® 67.3 21.2 11.5

53 The household questionnaire weightfirst sampling weight) was an individual sampling weight for all
participants who completed the household questionnaire.

% Thelab weight(second sampling weight) was for participants who gave a blood sample at a laboratory and
attended clinic visits.

%5 Theg "HAtest weightis an additional weight of missing data forA ! test.
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5.4.2 Association between education level and the prevalence of diabetes
54.2.1 Descriptive results

Table5.5describeghe characteristicof the studypopulationasappliedto the prevalence
of T2DM.A total of 4,341individualswere eligiblefor inclusionusingthe W I R At 6 Sufic@vie Q
Low-educatedindividualsnvere more likely to be diabeticthan high-educatedindividuals(38.8%vs
13.6%).Consideringdemographidactors,a higher percentageof male participantswere diabetic
(25.0%versusl8.5%for females).In addition, the likelihoodof havingdiabetesincreaseswith age
from 6.6%in the 15-24 agegroupto 54.5%n thoseaged65andover. Diabetesvasmore prevalent
inthe Wof currentlyY' | NNgo83%3Q.3%}hanthe ¥y SIS NINEK. Baaad W O dzNINE WiNA & R Q
(24.5%)groups. In relation to employment status, the retired, selfemployed,and unemployed
individualshad the highestlikelihood of being diabetic (55.5%,31.0%,and 27.8%respectively).
Regardindifestylefactors,ex-smokersnvere morelikelyto be diabeticthan currentsmokerq33.7%
vs 20.5%).Additionally, physicallyactive individualswere lesslikely to be diabeticthan inactive
individuals(85.7%versusl4.3%),whereasobeseindividualswere more likely to be diabeticthan

individualsof normalweight (27.6%versusl4.5%).

2 A 0 K N3B & Lagorifactvrinditidu&s wito lived in thévestern regiorwere less likely to

be diabetic than those who lived ihe Southern region (16.7% versus 25.5%). In keeping with these
descriptive results, the bivariate analysed the significance of these relationships. As expected,
demographic factors (age, gender, anthrital status) showed significamtssociatios with the
prevalence of T2DM. lgeneralthe results shown ifable 55 mirror the relationshipgeportedin

the literature, with low-educated individuals having the greatest likelihood of being diabetic.
Smding status, physical activity and BMI all showed significant association with the prevalence of
T2DM. The region variabédso showed significant association with the prevalence of diabetes. This
result followed previous studies in SA and other countsieswing that there were regional trends

in the prevalence ofliabetes Interestingly, although socieconomic factorgyenerallyshowed
significant associations with the prevalence of diabetes, this was not the case for household income
(p=0.136)An impotant consideration relating to the household income dataset is that the number

of null responses (unknown or refuse to answer) undermines confidence in any relationship
identified between income and diabetes prevalence for those who did answer this queAtlagh
proportion of missing values reduces the statistical power of this relationship such that it becomes
weak or undetectable leading to nesignificant results (Suresh and Chandrashekara, 2012). As well
as the impact on statistical power, a moreidisus problem is that of nonesponse bias, as a lack

of response is unlikely to be randomly distributed across all survey patrticipants. Hence, the results

of this variable cannot be representative.
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Table5.5 Characteristics of survey participants of prevalence of T2DM (unweighted percentages)

Variables Categories Total Normal Diabetes p
N (%) 4,341  3,404(78.4) 937 (21.6)
Sex Female 2,285 1,864 (81.5) 423 (18.5)  <0.001
Male 2,056 1,542 (75.0) 514 (25.0)
Age 15-24 888 829(93.4) 59(6.6)  <0.001
25-34 1,013 927(915) 86 (8.5)
35-44 954 803 (84.2) 151 (15.8)
45-54 672 456 (67.9) 216 (32.1)
55-64 365 172 (47.1) 193 (52.9)
65+ 420 191 (45.5) 229 (54.5)
Education level Low education 1,065  652(61.2)  413(38.8)  <0.001
Middle education 1,159 922 (79.5) 237 (20.5)
High education 2,114  1,827(86.4) 287 (13.6)
Employment status Employed 1472 1207 (82.0) 265(18.0)  <0.001
Unemployed 539  390(722) 150 (27.8)
Student 707 665 (94.1) 42 (5.9)
Homeworker 1113 875(78.6) 238 (21.4)
Retired 353 157 (44.5) 196 (55.5)
Selfemployed 141 98 (69.0) 44 (31.0)
other
16 14 (87.5) 2 (12.5)
Monthly Household income Lowest 1,794 1,388 (77.4) 406 (22.6) 0.136
Low 686 556 (81.1) 130 (18.9)
Middle 575 468 (81.4) 107 (18.6)
High 276 212 (76.8) 64 (23.2)
Highest 211 165 (78.2) 46 (21.8)
Unknown or decline to respond 799 615 (77.0) 184 (23.0)
Regionlocation Central region 1519 1,212 (79.8) 307 (20.2) <0.001
Eastern region 153 115 (75.2) 38 (24.8)
Western region 826 688 (83.3)  138(16.7)
Northern region 652 502 (77.0) 150 (23.0)
Southern region 1,191  887(745) 304 (25.5)
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Table 5.5Characteristics of survey participants of the prevalence of T2DM (cont.)

Variables Categories Total Normal Diabetes p
N (%) 4341  3404(78.4) 937 (21.6)
Marital status Currently married 2,863 2,163 (75.5) 701 (24.5) <0.001
Never married 1,090 1,004(92.1) 86 (7.9)
Divorced, Separated, and widowed 374 227 (60.7) 147 (39.3)
Unknown / decline to respond 14 11 (78.6) 3(214)
Smoking status Never smoked 3,700 2,924 (79.0) 776 (21.0) <0.001
Exsmoker 205 136 (66.3) 69 (33.7)
Current smoker 429 341 (79.5) 88 (20.5)
Missing 9 5 (55.6) 4 (44.4)
Daily servings of fruit and 0¢29 3,275 2,554 (78.0) 721 (22.0) 0.116
vegetable 3c4.9
117 86 (73.5) 31(26.5)
S+ 17 15 (88.2) 2(11.8)
Missing 932 749 (80.4) 183(19.6)
Dgily servings of meatand 0¢0.9 1,414 1,142 (80.7) 273 (19.3) 0.097
chicken
1c19 1,320 1,016(76.9) 305 (23.1)
2¢29 554 436 (78.7) 118 (21.3)
3+ 220 174 (79.1) 46 (20.9)
Missing 833 638 (76.6) 195 (23.4)
Levels ofphysical activity High 133 114(85.7) 19(14.3 0.006
Moderate 221 182(82.9 39(17.79)
Low 151 119(78.9 32(21.2
None 3,607  2,794(77.5 813(22.5
Missing 229 195(85.2 34(14.9
Body mass index Underweight (less than 18.5) 172 167(97.1) 5(2.9) <0.001
Normal weight (between 18.5 and 24.9) 1,097 938 (85.5) 159 (14.5)
Overweight (between 25.0 and 29.9) 1,364 1,058 (77.6) 306 (22.4)
Obese (greater than or equal 30.0) 1,669 1,209 (72.4) 460 (27.6)
Missing a1 34 (82.9) 7(17.1)
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5.4.2.2 Analytical results

Theresultsin Table5.6 showthe oddsratios (ORsand 95%confidenceinterval (Cl)from
weighted generalisedbinary logit regressionmodelsof the unadjustedand adjustedassociation
betweenthe prevalenceof T2DMandeducationlevel. Thisanalysisvasfitted to sixnestedlogidic
modelsbasedon the analyticalframework presentedin Table5.2. Thefirst model exploredthe
associationbetween education level and the prevalenceof T2DM. Thisrelationship was then
adjusted basedon a series of logistic models by controlling for several demographic,socic
economicandlifestylefactors.Theresultsof theselogisticregressiormodelsarepresentedn Table
5.6. TheunadjustedORsfrom the first model indicate a significantinverseassociationbetween
educationallevel and the prevakence of T2DM,with low-educatedindividualsmore likely to be
diabeticthan better educatedindividuals(OR:3.759,95%Cl:2.936,4.814,p<0.05).

After adjustingfor age group and sexand matrital statusin model two, all three of the
demographicrisk fadors usedin this model (individual age, sex and marital status) showeda
significantrelationshipwith the prevalenceof T2DM.Individualsaged55 ¢ 64 yearsold were more
likelyto be diabeticthanthosewho aged15¢ 24 yearsold (OR:8.719,95%Cl:4.94, 15.39,p<0.05).
Themodelalsorevealedthat individualsin the W O dzNN& y i tN@iduBvRr@more likelyto be
diabeticthanindividualsnthe W y' S YIS MINgro8pRAR 2.142,95%CI:1.234,3.716,p<0.05) The
magnitudeof ORestimatesfor educaional levelwere lessthan those from model one, but there
wasan associatiorbetweeneducationalevelandthe prevalenceof diabetes.Thiseffect persisted
after adjustingfor regionin modelthree. Thismodel showedsignificantrelationshipbetweenthe
WNEB Farigbjeand prevalenceof T2DM,with individualswho livedin the Southernregionmore
likely to havediabetesthan those who lived in Westernregion (OR:2.047,95%Cl:1.515,2.766,
p<0.05).

Aninverseassociatiorbetweeneducationlevelandthe prevalenceof T2DMwasobserved
after controlling the third model using other sociceconomicfactors (model four). The odds of
diabetesin low-educatedindividualswas 1.793 times higher than in those with a high-level of
education(95%ClI1.242,2.588). Employmentstatus also had significanta relationshipwith the
prevalenceof T2DM howeverthis only extendedto the W & (i dzRBupiha ere lesslikelyto be
diabeticthan employedindividuals(OR:0.389,95%CI10.186,0.812,p<0.05).In contrast,monthly
householdincome had no significantassociationwith the prevalenceof T2DMin any of the
subsequentiogistic regressionmodels. Model five presentsthe regressionanalysiswhich tests
whether there is an associationbetween the prevalenceof T2DM and education level after
correctingfor lifestyle factors. The odds of being diabetic amonglow-educatedindividualswas

1.635times higherthan for well-educatedindividuals(95%CI1.008,2.653).

135



Chapter 5

Of the three lifestyle factors controlled in this model, two (smokingstatus and physical
activitylevels)hadno significantassociatiorwith the prevalenceof T2DM.However the bodymass
indexvariabledid showsignificantassociatiorwith the prevalenceof T2DM with obeseindividuals
more likelyto be diabetic than normalweightindividuals(OR:1.594,95%CI1.150,2.209,p<0.05).
Thefinal modelshowedthat there is no significantinteractionbetweeneducationlevelandgender
or educationand householdincome within the diabetessample.Educationlevel, age region
employmentstatusandbody massindexshoweda stablerelationshipacrossall the modelstested.
The high proportion of responsedalling into the lowest income categoryis due to the way the
householdincome variableis classified.There is no standardapproachto the classificationof
householdincomein SaudiArabia,but asdescribedabovethe incomecategoriesvere combined
into five groups.Additionally,asthe total samplesizewasreduce after restrictingthe analysigo
thosewith laboratoryreported diabetes the three highestincomegroupswere further combined

to assesshe relationshipbetweenhouseholdincomeanddiabetesprevalence.

My results highlighted that the relationship tveeen variables can become weak or rsignificant

after adjusting the models for other independent variables. However, additions to or adjusting the
models could influence the statistical power and significance level of any relationships. For
example, themarital status variable was significantly associated in the second, third and fourth
models. However, the association became +significant in the last two models due to the smaller
sample size (resulting from declined, unknown or missing response$ideimda reduction ithe
statistical power to detect a relationship. Thus, completed sample variables such as age and region
tend to have stronger associations and appear significant in all adjusted models. In contrast, the
inclusion of additional group®r missing data or those who decline to answer a specific question

are likely to reduce power to detect association and the observed significance level.

Thereare severalpossiblereasondor the changesn the estimatesseenwith the different models.
First,they couldresultfrom changesn the samplesizebetweenmodels.However this is unlikely
to be the casegiventhe samplesizefor this study.A secondpossiblereasonis that weightingcan
changethe value of the coefficients.However,in my study, the most likely explanationis that
addingnew predictorsto the modelchangedall the other coefficients Assomeof theseadditional
predictors are confounders,their introduction could reduce the strength of the relationship
betweeneducatian leveland T2DMprevalenceThisis in fact what | observed asestimatesof the
effect of educationleveldecreasedn successivenodelsdue to addition of predictorssuchasage
andgender,both of whichare knownconfounders My estimatesfor other predictorsalsoshowed

smallchangesasthe modelwasadjusted.
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Table5.6 Generalised binary logistic regression odds ratios and 95% confidence intetvalppévalence of T2DNHousehold weighted models)

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
OR [95%Cl] P OR [95%Cl] P OR [95%Cl] P OR[95%CI] P OR [95%ClI] P OR [95%CI] P
Education level
High education (reference) 1 1 1 1 1 1
Low education 3.759(2.936- 4.814) 0.000 1.504 (1.082 2.090) 0.015 1.511 (1.087 2.099) 0.014 1.793 (1.242 2.588) 0.002 1.685 (1.17-2.407) 0.004 1.635(1.008- 2.653) 0.047
Middle education 1.501 (1.157 1.948) 0.002 1.295 (0.97%1.727) 0.079 1.318 (0.982 1.767) 0.065 1.465 (1.06% 2.024) 0.020 1.457 (1.051- 2.025) 0.024 1.231(0.723-2.0%) 0.443
Age group
157 24 (reference) 1 1 1 1 1
25-34 1.283 (0.758 2.170) 0.354 1.289 (0.77% 2.155) 0.332 0.805 (0.438 1.481) 0.486 0.728(0.38 - 1.347) 0.312 0.726(0.32 - 1.344) 0.308
351 44 1.862 (1.104 3.141) 0.020 1.894(1.133- 3.167) 0.015 1.174 (0.644 2.137) 0.601 1.009 (0.552 1.846) 0.977 1.009(0.552- 1.847) 0.976
45-54 4.082 (2.422 6.882) 0.000 4.134 (2.468 6.925) 0.000 2.467 (1.359 4.478) 0.003 2.112(1.151-3.873 0.016 2.104(1.145- 3.867) 0.017
55-64 8.719 (4.940 15.39) 0.000 9.296 (5.297 16.31) 0.000 5.164 (2.729 9.771) 0.000 4299 (2.249 8.219 0.000  4.270(2.228-8.185 0.000
65 + 7.087 (4.054 12.39) 0.000 7.626 (4.358 13.34) 0.000 4.113 (2.201 7.685) 0.000 3.707(1.9%66- 6.91) 0.000 3.721(1.970- 7.029) 0.000
Sex
Female (reference) 1 1 1 1 1
Male 1.560 (1.216 2.010) 0.001 1.566 (1.216 2.017) 0.001 1.245 (0.885 1.753) 0.209 1.290(0.907-1.847)  0.163  1.204(0.788- 1.840) 0.390
Marital status
Never married (reference) 1 1 1 1 1
Currently married 1.564 (1.017 2.405) 0.042 1.488 (0.976 2.268) 0.064 1.245 (0.812 1.910) 0.314 1.164 (0.755-1.795  0.4® 1.160(0.752- 1.70) 0.501
Divorced, Separated, and widowed 2.142 (1.234 3.716) 0.007 1.963 (1.1306 3.410) 0.017 1.784 (1.026 3.101) 0.040 1.686 (0.961-2.947) 0.069 1.683(0.954 - 2.968) 0.072
Decline to respond or unknown 1.340 (0.233 7.710) 0.743 1.022 (0.178 5.868) 0.981 0.883 (0.139 5.591) 0.895 0.824(0.1%-5.042 0.8% 0.820(0.131- 5.114) 0.8

Model 1:unadjusted;Model 2:adjusted by demographic factors (age and sex and marital stéflag)el 3:includes also administrative regioridpdel 4:includes alssociceconomicfactors (employment status and monthly household
income);Model 5:includes also Lifestyle factors (snmak, physical activity and BMNodel 6:includes also education level and sex interaction tePap-value (significant iBOLLD; OR:Odds RatiosCIl:Confidence interval.
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Table 5.6Generalised binary logistic regression odds ratios and@stfidence interval of the prevalence of T2[PNbusehold weighted models) (cont.)

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
OR [95%Cl] P OR [95%Cl] P OR [95%CI] P OR [95%CI] P OR [95%CI] P OR [95%Cl] P

Administrative Regions

Western region (reference) 1 1 1 1

Central region 1.889 (1.3872.572) 0.000 1.767 (1.302 2.397) 0.000 1.727 (1.270 2.349) 0.000 1.731 (1.270 2.359) 0.001
Eastern region 1.394 (0.773 2.512) 0.270 1.344 (0.734 2.460) 0.338 1.317 (0.717 2.419) 0.375 1.311 (0.710 2.421) 0.386
Northern region 1.443 (0.998 2.089) 0.051 1.470 (1.006 2.147) 0.046 1.523 (1.040 2.231) 0.031 1.512 (1.033 2.215) 0.034
Southern region 2.047 (1.515 2.766) 0.000 1.996 (1.469 2.712) 0.000 2.060 (1.507% 2.814) 0.000 2.050 (1.500 2.801) 0.000
Employment status

Employee (reference) 1 1 1

Unemployed 0.820 (0.537 1.252) 0.358 0.859 (0.559 1.320) 0.487 0.872 (0.566 1.343) 0.534
Student 0.389 (0.186 0.812) 0.012 0.443 (0.207 0.946) 0.035 0.440 (0.206 0.941) 0.034
Homeworker 0.663 (0.4321.018) 0.060 0.688 (0.447 1.060) 0.090 0.706 (0.447 1.116) 0.136
Retired 1.530 (0.992 2.358) 0.054 1.492 (0.964 2.311) 0.073 1.492 (0.962 2.314) 0.074
Selfemployed 1.055 (0.602 1.849) 0.852 1.027 (0.588 1.793) 0.926 1.043 (0.597 1.819) 0.883
Other 0.774 (0.120 5.003) 0.788 0.872 (0.136 5.586) 0.885 0.877 (0.140 5.490) 0.889
Monthly household income

Highest (reference) 1 1 1

Lowest 0.758 (0.466 1.235) 0.266 0.790 (0.485 1.288) 0.345 0.788 (0.484 1.281) 0.336
Low 0.886 (0.525 1.494) 0.649 0.889 (0.525 1.504) 0.661 0.888 (0.526 1.500) 0.657
Middle 0.852 (0.512 1.419) 0.539 0.849 (0.507 1.421) 0.534 0.856 (0.513 1.429) 0.552
High 0.940 (0.528 1.674) 0.833 0.952 (0.530 1.710) 0.870 0.972 (0.542 1.744) 0.924
Missing 0.985 (0.590 1.645) 0.954 0.979 (0.584 1.641) 0.937 0.979 (0.586 1.637) 0.936

Model 1:unadjusted;Model 2: adjusted by demographic factors (age and sex and marital stafieg)el 3:includes also administrative regioddpdel 4:includes als@ocioeconomicfactors (employment status and monthly

household income)Model 5:includes also Lifestyle factors (snvuk physical activity and BMNtodel 6:includes also education level and sex interaction tePnp-value (significant iBOLD; OR:Odds RatiosCl:Confidence interval.
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Table 5.6Generalised binary logistic regression odds ratios and@g#dence interval of the prevalence of T2DM (Household weighted models) (cont.)

Characteristics Model (5) Model (6)

OR [95%C]] P OR [95%Cl] P
Body massndex
Normal (reference) 1 1
Underweight 0.090 (0.029 0.270) 0.000 0.089 (0.029 0.270) 0.000
Overweight 1.352 (0.958 1.909) 0.086 1.351 (0.9571.910) 0.087
Obese 1.594 (1.15% 2.207) 0.005 1.594 (1.150 2.209) 0.005
Missing 1.141 (0.46% 2.823) 0.775 1.128 (0.4572.788) 0.793
Smoking status
Never smokedreference) 1 1
Ex smoker 1.196 (0.722 1.980) 0.488 1.184 (0.714 1.962) 0.513
Current smoker 1.104 (0.737 1.652) 0.632 1.105 (0.739 1.653) 0.627
Missing 1.751 (0.434 7.066) 0.431 1.748 (0.440 6.940) 0.427
Physical activity
High (reference) 1 1
Moderate 1.176 (0.516; 2.681) 0.700 1.177 (0.51% 2.679) 0.697
Low 1.113 (0.51%; 2.424) 0.788 1.129 (0.52@; 2.454) 0.758
None 1.421 (0.76@; 2.658) 0.271 1.436 (0.76%; 2.681) 0.257
Missing 1.240 (0.573; 2.684) 0.585 1.253 (0.58%; 2.702) 0.566
sexx Education
Male x low education 1.009 (0.550 1.850) 0.992
Male x Middle education 1.311 (0.695 2.472) 0.403
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5.4.3 Projectionof the prevalenceof T2DM

Inthis section,l describemy projectionof T2DMprevalencen the Saudipopulationbasedon the two

main methods highlightedin the method section above (usingthe UN projection and the Cohort
componentprojection). Overall, one might expect diabetes prevalence to increseag with age.
However, in all my projection datdigures 5.1, 5.2, 5)3 found a significant drop in the absolute
number of diabetics in the 6064 age group, which then appeared to increase dramatically in the 65
years old and above group. This apg@ anomaly can be accounted for by a combination of two
factors. First, the drop in patient number in the-68 age group is due to a drop in the underlying
prevalence of T2D in this group, suggesting that in Saudi Arabia, diabetes prevalence inKact pea
before 60 years of agéigure 5.4. This might reflect an underlying demographic shift in for example
lifestyle and dietary habits. Secondly, the jump in absolute number of cases seen in the above 65 group
is simply a reflection of the large numberpaople in this composite age group, rather than a change

in prevalence.

5431 United Nations population projections

Asmentionedabove,| calculatedthe averagedifferencebetween2016/17and2017/18to calculate
the agesexgrouppercentagedor the projectedyears Forexample for Saudimalesaged25 - 29the
averagdncreaseperyearis0.53 | appliedthisincreaseo estimatethe percentagefor this agegroup
in 2020,2025and 2030. Forthis agegroup, the percentageof Saudiswill be 50.25in 2030. Thisis
givenby:

0Ol GOQ&ESWEINEG BINN0QL ¢ QL TP Yp ¢ OO QI BIOOEOIY M6 @ Bid QINQAQU ¢ w
V@Ppg Mo LR U

Basedon the UNprojectionof the numberof total Saudipopulationaged25 - 29 and previous
percentagel calculatedthe numberof Saudiy | f B@uationonly aged25 ¢ 29in 2030 Hence,
the numberof Saudidiabeticsaged25 ¢ 29in 2030:

- . 0 ¢ OB QETY 6 Q@BINNNQQU ¢ WQE o T
0'QHH A6 @iV & & TECHIUD 6 o GEIQOD cw QL Tp o QU ¢ whe

pTT
X WX ¢
ug x o PXOPT
Total percentageof diabetes pTrT[E : PTITC & wh
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Such aihear functionfor estimating population growtlsamot be fully accurate, however, the trend
of Saudi national population appeared slow based on the available nuntbgse5.1 displayshe
trendsandfuture projectionsfor T2DMprevalenceby different agegroupsamongmalesin SAover
the period2015¢ 2030.Theoverallnumberof male diabeticcaseds projectedto increasefrom
848,504in 2015to0 1,396,120y 2030.Theprevalenceof T2DMis greatestamongstthoseaged55 -

59 and65+in all four timeframes.

2015 2020 2025 2030
1200000
1000000
800000
600000
400000

200000

NUMBER OF DIABETES PATIENTS

0
25¢ 29 30¢34 35¢39 40-44 45¢ 49 50¢ 54 55¢59 60¢64 65+

AGE GROUPS

Figure5.1 Projected number of people with T2DM for selected years among Saudi male adults 25

years old age and over in Saudi Arabia

Table5.7 presentsthe projectionfor the overallprevalenceof T2DMandthe numberof Sauddiabetic
malesfrom 2015to 2030. The projection showsthat over this period, the prevalenceof T2DMis
projectedto increaserapidlyin all agegroups.Theoverallmale prevalenceof T2DMincreasedrom
around 18%in 2013to 23.3%by 2030.
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Table5.7 Total number (cases) of Saudi diabetic males

Age 2013 (%) 2015 2020 2025 2030
25¢29 8.47 71488 77881 70304 67334
30¢ 34 7.5 61591 68282 6442 5627
35¢ 39 14.15 98319 100163 920183 83907
40-44 15.12 85934 1039% 841% 783&4
45¢ 49 17.95 82877 113754 111100 937
50¢ 54 27.21 103867 133591 15918 156%0
55¢59 45.63 13218 191041 23079 267746
60¢ 64 32.95 72658 102367 14328 17267

65 + 37.14 139586 19947% 28788 419116

Total number N 848504 1090540 1242222 1396120
Total prevalence (%) 18 18.2 19.2 21.30 23.9

Table5.8andFigureb.2 presentsthe sameanalysidor Saudfemales Basednthe currentpopulation
sizeand prevalence | estimatea total of 752,703SaudiFemaleshad T2DMin 2015. The projection
suggestdhat this will increasealmosttwo-fold to 1,340,408by 2030. Stratification by agerevealsa
more complexpicture, with peaksof prevalencein the 50-54 (258,336)and over 65 (284,423)age
groups.Overall,maleshad higherprojected prevalencerates than females.Thegreatestincreasein
the numberof T2DMcasedor both sexeswasin those aged over 65, reaching419,116for menand

284423for women by 2030. In contrast, the lowest number of diabeticcaseswasin the 25-29 age

group(67,334for menand42,865for womenby 2030).

Table5.8 Total number of Saudi diabetic females

Age 2013 (%) 2015 2020 2025 2030
25¢ 29 5.94 51,010 54,606 45274 42,865
30¢ 34 8.53 71,976 78,342 75,849 62,578
35¢ 39 11 79,793 79,673 83,054 79271
40- 44 9.7 54,589 65,698 62,747 64,930
45¢ 49 20.59 95,165 134,194 155,380 151,050
50¢ 54 28.48 116,748 152,489 216,082 258,336
55¢ 59 34.02 91,378 133539 177,349 255363
60¢ 64 28.57 60,859 73,096 106,290 141591

65 + 33.14 131,185 167,708 210,186 284,423

Total number N 752,703 939,346 1,132211 1,340,408
Total prevalence (%) 14.44 15.8 16.83 18.38 20.%4
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Figure5.2 Trends and future projections of diabetic patient specific number among featklkis in
Saudi Arabia 20152030

Table 5.9and Figure5.3 illustrates the predicted overall T2DM prevalence between 2015 and
2030 among Saudis aged 25 years and above. Reflecting the structural change in the population
demography, the prevalence of T2DM is predicted to increase from 16.1% in 2013 to 21.8% in 2030.

The rise in T2DM cases over this period is most prominent among in th6%and 65+ age groups.

Tableb.9 Total number of Saudi diabetics

Age 2013 2015 2020 2025 2030
25¢ 29 6.88 117,150 126,509 109544 104,343
30¢ 34 8.07 134,367 147,589 141,088 119756
35¢ 39 12.3 174687 176,157 171,262 161,576
40-44 12.22 138224 166,806 147,087 145133
45¢ 49 19.44 179,607 249,896 267,999 244,148
50¢ 54 27.88 220,713 286,157 374,635 413708
55¢ 59 40 223314 324,482 410,845 534,961
60¢ 64 30.91 134,004 175112 249375 315173
65 + 35.63 274953 371674 502160 707,869
Total number 1,597,017 2,024,383 2,373,993 2,746,666
Prevalence(%) 16.13 16.99 18.(8 19.94 21.82
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Figure5.3 Projected total number of people with T2DM for selected years anaaiulis 25 years

old age and over in Saudi Arabia
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Figure5.4 Prevalence of T2DM for selected years in three different age groups in Saudi Arabia
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5.4.3.2 Cohort Component projections

Table 5.1GandTable 5.1presents the trends and future projections for aggecific prevalence of
T2DM from 201% 2028.0verthis period, the prevalence of T2DM is projected to grow rapidly in

all age groups, with overall prevalence increasing from around 18.3% in 2015 to9R¥28 in

males and from 15.9% to 16.9% in females. The highest number of diabetics is seen in men aged 5!
- 59 (244,502) and for women aged 65 or over (206,484¢ontrast, the smallest increase was in

men aged 2529 years (to 77,514) and for womenthe same age group (to 52,883) in 2030. There

is an increase in T2DM prevalence for both sexes over the period. Males had higher projected T2DM
prevalence than females, particularly in the- 58 age groupFigures % and5.6 show these trends
graphicdly, revealing similar trends for males and females in the highest age groups. However,
males showed the peak incidence of T2DM in the 59 age group; in females the peak was in the

65+ age grouplhe lowest prevalence was observed amongst the 29 age group for both sexes

in all three timeframes.

Table5.10 Number of male diabetic patients in two timeframes 2023 and 2028

Age groups 2013 2018 2023 2028
25¢ 29 8.47 84,363 90,337 77,514
30¢ 34 7.5 67,259 74,456 79,729
35¢ 39 14.15 111,329 126,399 139,923
40-44 15.12 100,675 118,152 134,145
45¢ 49 17.95 100,437 118,306 138,843
50¢ 54 27.21 121,430 149,785 176,433
55¢ 59 45.63 158,829 198,217 244,502
60¢ 64 32.95 83,086 108,039 134,831

65 + 37.14 158,050 183,536 222,629
Total number N 985,459 1,167,226 1,348,548
Prevalencg%) 18 18.33 18.83 19.77
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Figure5.5 Future projection of (T2DM) patient number among Saudi males in three different

timeframes; 2018, 2023, and 2028

Table5.11 Number of female diabetic patients in three timeframes 2018, 2023 and 2028

Age groups 2013 (%) 2018 2023 2028
25¢ 29 5.94 57,930 58,074 52,883
30¢ 34 8.53 75231 82,982 83,189
35¢ 39 11 84,548 96,662 106,621
40-44 9.7 62,201 74,086 74,087
45¢ 49 20.59 109,034 130834 130834
50¢ 54 28.48 120,165 148672 178397
55¢59 34.02 108,767 140,259 173533
60¢ 64 28.57 67,406 87,392 112,695

65 + 33.14 147,675 171139 206,483
Total number N 832957 990,101 1,118722
Prevalencg%) 14.44 15.% 16.54 16.90
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Figure5.6 Trends and future projections of the diabetic number among female adult in Saudi
Arabia 2018 2028

Table 5.12and Figure 57 illustrate the predicted overall T2DM prevalence rate between 2018 and
2028 among Saudis aged 25 years and oMag. prevalence of T2DM is predicted to increase from
16.1% in 2013 to 18.6% in 2028. This is most marked in thet@desgroups, where diabetes is
estimated to increase-®ld in the 5559 age group and among those aged over 64 between 2018
and 2028. In contrast, the lowest growth in prevalence is seen in th@2and 3@; 34 age groups.
Although the two T2DM prevahce models were based on different projections of population size,
both predict a significant increase in the prevalence of the disease over the next twelve years.
However,the absolute numbers of diabetic patients were not consistent between two methods
due to the diversity of the underlying data and population projection method, there was

surprisingly good agreement in the age groups showing highest prevalence of disease.
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Table5.12 Number ofdiabetic patients in two timeframes 2023 and 2028

Age 2013 (%) 2018 2023 2028
25¢ 29 6.88 135623 140,643 124,215
30¢ 34 8.07 143545 158,622 164,490
35¢ 39 12.3 191313 217,959 240,851
40- 44 12.22 159,725 188,824 215122
45¢ 49 19.44 211,718 251,653 297,499
50¢ 54 27.88 242,053 299,013 355416
55¢ 59 40 267,118 338673 418371
60¢ 64 30.91 150,868 195,900 248408

65 + 35.63 310395 360,072 435576

Total number N 1,812,363 2,151,359 2,499,949
Prevalence(%) 16.13 17.10 17.66 18.60
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Figure5.7 Projected number of people with T2DM for selected years among adults 25 years old

age and over in Saudi Arabia

55 Discussion andonclusion

Addressing the association betweesducation level and diabetes outcomes is important to
understandbetter the high prevalence of diabetes in Saudi Arabia. In this chapter my first objective
was to assesthe estimates of diabetes prevalence using both weighted and unweighted survey
samples. | then used binary logistic regression models to assess the rdigtibatveen education

level and the prevalence of T2DM.
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Finally, | applied the models | developed to estimate future trends of T2DM in the KSA. The results
shed light on the importance afducation leveln relation to diabetes in Saudirabiaand will
contribute to meeting the huge challenges of reducing the high burden of diabetes prevalence.
Overall, the evidence confirmed my hypothesis that there is a relationship between education level
and the prevalence of T2DNIhe resultalsoshow that theprevalence of diabetes wiltontinue to

increaseuntil at least2030 for both sexeanless there isignificant policy intervention

551 Summary of the key findings

| found that the choice of weighting factor significantly influenced the estimate of diabetes
prevalerce. This, estimates of tle prevalence of diabetesvere 16.5% (unweighted), 12.6%
(household weight), 11.2% (lab weight), and 11.5% using the new welgimny he new weight
givesan estimate of disease prevalence that is @4% greater than using the lab weighttbe
householdveight,respectivelyl also observed an inverse association between education level and
T2DM. This association remained significant after adjusting the model for other factors (e.g.
demographic and rdagnal). The prevalence of T2DM is greater among males, older age groups, the
retired and the previously married. Prevalence is also high amorgmekers, the physically
inactive and the obese. An analysis of the eftaber risk factors provides convimgj evidence that
regional,sociceconomicand lifestyle factors lie on the causal pathway for developing diabetes,
especially among lowducated individuals. Overall, the evidence confirmey research

hypothesis that the prevalence of diabetes is higimdoiveducated individuals.

55.2 The association between education level and the prevalence of T2DM

With regard to education levelmy findings indicated that education level is a significant
predictor forhavingdiabetes This is in line with findings of previous studies showing an association
between education level and the prevalence of T2{@\rsi and Subramanian, 2012, Costanian et
al., 2014, AMoosa et al., 2006, Bener et al., 2009, Hwang and Shon, 28ddijtionally, low-
educated individualbaveahigherrisk of being diabetic compared high-educated individualéAF
Moosa et al., 2006, Murad et al., 2014, Abdella et al., 1998, Kim et al., 200&3sil# explanation
of these observations is that bett@ducated individuals are more likely to be aware of the risks
and symptoms of diabetd$Su et al 2016) This might be compounded if leeducatedindividuals

were predisposed to diabetes because of-Bfgle factors such as diet and exercise.
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In other words, better educated individuals are less likely to be affected by diabetes babayse
are more likely to lead healthier IHgtyles than less wedlducated individualéSilles, 2009)n order

to explore this relationship, | examined the sensitivity of the association between edudayien
and the prevalence of diabetes to corramt for other factors. | found that the association remains
significant after adjusting the model for demographic factors, administratdggon, and marital
status. However, this analysdid reved additional factors that are associated with diabetes
prevalence.

With regardto demographidactors,the resultsindicatethat middle and older agedgroups
were more likely to be diabeticthan youngeragedgroups.Thisresultis consistentwith previous
investigatons of the relationship between sociceconomicfactors and the prevalenceof T2DM
indicatingthat middle-agedgroupsare at higherrisk of beingdiabetic(Connollyet al., 2000, Sicree
and Shaw,2007) In addition, | found that male participantshad a higher likelihood of being
diabetic. Thisfinding is consistentwith findingsof past studiesin SaudiArabia(ElHazmi, 1998,

Warsyand EIHazmi,1999) andin the USA(Connollyet al.,2000)

In consideringmarital status, | found that belongingto the ‘currently married' or 'not
currentlymarried' (asopposedto nevermarried)groupsshoweda positiveassociatiorwith T2DM.
Howeverconsistentwith previousstudiesshowingan associatiorbetween marital statusandthe
prevalenceof diabetes theseare limited to a singlestudy highlightingthis relationship(Murad et
al., 2014) and one other study that used marital status as a covariate (Corsiand Subramanian,
2012) Ore additional study reported that individualswho are married or divorcedhavea higher
riskof beingdiabeticcomparedto individualswho nevermarried(AFMoosaet al.,2006) Theresult
is also consistentwith a UK study showingthat never or not currently married individualswere
more likelyto havea poor healthstatusthan currentlymarriedindividuals(Robardst al.,2012) A
possibleexplanationof this complexinteraction between marital status, other sociceconomic
factorsand diabetesis that in SaudiArabia,the socialchangesassociatedvith marriagehavean
impacton living arrangementsand overall health statusthat are more pronouncedthan in other
societies.For example,in the Saudiand Gulf region social interaction greatly increasesafter
marriagedue to visiting family and relatives. Thisis often associatedwith extensivecommunal

eatingand potentially excessivdood intake comparedto individualswho havenevermarried.
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With regard toadministrative region individuals who live ithe Southern region are more
likely tobe diabetic compared to those who live the Western region, consistent with previous
studies showing that regional differences and urbanisation level citildence prevalence of
T2DMo ! f b dzI A Wazhanetath 20D4, Ribeaan et al., 2015This effect could be related
to differences in quality of and access to health care services and ppbliing facilities between
regions and provinces. Fexample most ofthe provinces irthe Western and Eastern regions have
good health care services and other public facilitiea@mkedcontrast to the Southern region which

is predominantly semirban and rural.

This difference isociceconomidevel across regions was highlighted in a ré&audi study
showing that tlis diversity influenced health outcomdalOmar et al., 2018¥pignificantly, obesity
rates vary between different regior{lgahtani et al., 2014and it is welknown thatobesity is a
key risk factor for T2DMIhe possiblémplicationof this findingis that it is demographic factors,
marital status,and region that are more likely to explain the association between education and
the prevalence of T2DMn fact, hese factorswere more oftenused as confounders between
education and diabetes mellitudnother possible explanatioof thisfinding is that these factors
eliminate the effect of education on diabetebhis is probably due to the age profile of indivittua

who are not educatedwith educationlevel generally highein the younger ageyroups

With regardto the effect of sociceconomicfactors, the findings also confirm that low
educated individuals are also more likely to havegh risk of diabetes compared to highucated
individuals.The results showed a positive association between T2DM prevalenangridyment
status, with individuals inthe 'unemployed’, 'homeworker' and 'retired’ groups showing
significantly greater prevalence of T2DM. In the logistic model, only individuals in the 'student'
group showed significant negative association with prevalence of T2DM. Retired individuals also
showedanassociationput this relationship was not significant. These results are inconsistent with
a previous study that provéetl evidence thathe unemployed and women who stayed at home are
more likely to be diabetic compared to employed individudsirad et al., 2014)The most likely
explanation for the lower risk of T2DM among students is thatetiedividuals are predominantly

in the youngest age group.
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Given the strong relationship between age aswticeconomicfactors, adjusing for age
might explain the loss of the relationship between some employment status groups and the
prevalence of TRM. Even after correcting for the influence of lifestyle factors on the prevalence of
diabetes, the findings indicate that leaducated individuals still had higher odds of being diabetic
compared to bettereducated individuals. The results also showedréh&as no association
betweenmonthly household incomeand the prevalence of T2DM before and after adjusting the
sample. This finding is at odds with past studies that suggesting an inverse association between
income status and the prevalence of diabe{®turad et al., 2014, Whiting et al., 2011, Rabi et al.,
2006) One possible explanation for this discrepancy might be that the strong reddtijpfetween
administrative region and monthly household income could influence the relationship between

education level and the prevalence of T2DM.

Considering thémpact oflifestyle factorson the prevalence of diabetes, the findings indicate that
the relationship between lifestyle factors and subsequent development of T2DM is important in
relation to our finding as lifestyle factors and obesity are both strongly associated iwith
educationin Saudi Arabia. It remains to be proved whether the astioci®etween education level

and T2DM is mediated primarily via nutritional effects. However, my results are in line with previous
studies that lifestyle factors are related to both education level and the prevalence of diabetes
(Sicree and Shaw, 2007, Guariguata et al., 2014, Connolly 20@0,, Hussain et al., 2007, Lidfeldt

et al., 2007, Tamayo et al., 2010, Kumari et al., 2004, Espelt et al., 20ikl)s particularly true in

the GCC region and Saudi Arabia, where individuals tend to be less physicallyfdtiaveati and
Jousilahti, 2004, Mehio Sibai et al., 201@)y on a high carbohydrate, high fat diet, anchaesult

exhibit a high prevalence of obesity, all factors known to ineedahe risk of developing T2DM.

5.5.3 Projection of T2DM prevalence

In the second analysis, | modelled projections of T2DM prevalence over the-h@xgeiars
without considering the impacof other risk factors on this outcome. For this | used the United
Nations projections andohort component projectionmethods to predict the underlying growth in
the Saudi population. Based on the UN population projections, my results predict an inofease
diabetes prevalence from 16.9% to 21.8%, and in the number of individuals with diabetes from
1,597,017 to 2,746,666 between 2015 and 2030 among the Saudi population aged 2angars
older. Using the mortaliicomponent projection method, | estimateetprevalence of diabetes will
increase from 17.1% in 2018 to 18.6% in 2028 for Saudi adults aged over 25 years. Both methods
suggest that the prevalence of diabetes will increase dramatically in older age groups over the

period of the projection.
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1 Thefuture projection of T2DM and its risk factors

The projected T2DMburden in the Saudipopulation is basedon nationally representative
population data. The analysisof prevalencehighlightsthe urgent need for T2DM public health
policy and intervention programsat the national level, and the identification of modifiable risk
factorswill helpinform the developmentof appropriatestrategies Asmentionedabove the model
predicts a significantincreasein the prevalenceof T2DM over the next 5-10 yearswith age,
educationlevel,region,and obesitybeingthe mostsignificantrisk factors. Anothermajor driver of
the increasein T2DMprevalenceis demographicchangeresultingin a rapidly ageingpopulation

andother ageassociatediskfactors

Afurther factoristhe uniquecultural contextof the GCQountriesthat contributesto alackof
physicalactivity in the Saudipopulation, especiallyfor women (Alshaikhet al., 2017) Overall,my
resultssuggesthat an intervention programto reducethe incidenceof obesityhasthe greatest
potential impact on the prevalenceof T2DM. Additionally, the Saudicontext requires further
researchto addresghe feasibilityof interventionbasedon modifiablerisk factorssuchasphysical
activity.Evidencdrom the FinnishDiabetesdPreventionstudyunderlinedthe importanceof lifestyle
interventionsin preventingthe progressiorof pre-diabetes therebymitigatingincreasesn T2DM
prevalencgLindstim et al., 2006) Thisstudydemonstratedthat suchpreventivemeasuresould
lead to a 40% decreasein T2DM incidence.However, such approachesthat are focused on
behaviouralmodificationin individuals,should probably be complementedby more population

basedapproachesuchastaxationand marketingrestrictions.

1 Comparison of the diabetes future projection and other diabetes estimates

The International Diabetes Federation (IDF) projections predict an increasein diabetes
prevalencefrom 16.2%to 20.8%among Saudiadults 20-79 yearsold between 2011 and 2030
(Whiting et al., 2011) Our estimatesare somewhatlower than those reported by the IDF.This
discrepancypresumably results from diversity in the underlying dataset, differencesin the
analyticalmethods, and definition of affected status (astheir estimatesinclude TADM. The IDF
estimateswere basedon combiningdata and surveysfrom severalcountries,takinginto account
geography]DFregion,andWorld. | Yy ihcdQrieclassificatiorgroup.Our projectionssuggesthat
the prevalenceand number of peoplewith diabetesin SaudiArabiawill increasemore than for

other countriesin MENAregion(Shawet al., 2010)
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Thisobservationisconsistentwith IDFestimatesthat the increasdn the prevalenceof diabetes
in SAwill placeit within the top ten countriesin 2030,alongwith other GCQegioncountriessuch
asKuwait(15.9%0 22.2%)Qatar(14.1%to 20.9%)Bahran (15.3%to 24.6%)andthe UAE(12.6%
to 23.8%)from 2011to 2030 (Whitinget al.,2011) Our projectionsare considerablyhigherthan
the IDFprojectionsfor other developedcountriessuchasthe US(from 10.9%to 11.8%).the UK
(6.8%to 7.5%)andthe NetherlandH7.3%to 8.8%)overthe sameperiod. However,our estimates
are lessthan one recent projectionfor SaudiArabia(AFQuwaidhiet al., 2014b) which estimated
the prevalenceof diabetesin SAin adultsaged25 yearsand over at 29.2%in 2011,and projected
growthto 44.1%by 2022.Again thesedifferencesarelikelydueto methodologicallifferencesand

the underlyingsurveydataset.

Interestingly,our findings predict that the greatestincreasein diabetesprevalenceand the
numberof affectedindividualswill be in older agegroups(aged50 yearsand older irrespectiveof
gender). Thisis inconsistentwith the Syriandiabetes projection study, in which the greatest
increa® in prevalencewas projected for the youngerage groups presumablydue to significant
differencesin demographicsand income level. Apart from the Syrianstudy, my results are
consistentwith mostglobaldiabetesestimatesin hightincomecountries wherethe greatergrowth
in T2DMis expectedto bein thoseagedover 60. Thepicture is different againin low and middle-
incomecountries,wherethe greatestincreasen T2DMprevalencds expectedin thoseof working

age(40¢ 60) (Whitinget al.,2011,Guariguateet al.,2011)

Despitethesefindings,my resultsshowthat the prevalenceof T2DMamongstthe middle-aged
groupsis alsoprojectedto grow significantly.Thisreflectsdiversityin sociceconomiclevelwithin
the Saudipopulationand highlightsthe sensitivityof theseestimatesto the rapid developmentof
sociaeconomicstatusin the countryexpeded in the nextdecale. Ourpredictionsfor thesegroups
arelower than one analysisvhich projectedthat T2DMin SaudiArabiawill increasefrom 20.2%in
2013to 27.1%in 2035 (Guariguateet al., 2014) Rapidurbanisationand rates and the reducing
prevalenceof infectious diseasesare additional factors acting to increasethe prevalenceof
diabetesin the country. Most globalestimatesof T2DMprevalenceaggregatethe total numberof
diabetescasesandapplylogisticregressiormodellingto generateagespecificestimatesusingthe
United Nationspopulation projections,takinginto accountethnicity, economicdevelopmentand
geography(Guariguateet al.,2014) Overall our findingthat the prevalenceof T2DMamongstthe
over65swill bethree timeshigherin highrincomecountriesin comparisorto low-incomecountries

wasin line with the mostrecentglobalestimates(Choet al.,2018)
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In conclusionthe resultsdescribedin this chapter confirm the significan relationshipbetween
educationleveland diabetesoutcomes.Theyalsoconfirm that other sociceconomicand lifestyle
factorsplaya criticalrole in the pathwayconnectingeducationlevelandthe prevalenceof T2DM
Theincreasingprevalenceof diabetesandthe growingsociceconomicgapis an essentialissuein
SaudiArabia.My findingssuggesthat future studiesshouldcontinueto focuson the role of socio
economicfactorson the incidenceof T2DMamong Saudiindividuals.Thisstudy provides Saudi
policymakerswith somereliablebenchmarksand a better understandng of the diabetesproblem

to helptarget plannedinterventionsto reducethe highprevalenceof diabetesin Saudisociety.
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6.1 Introduction

Previous studies abouthe relationship betweensocioeconomic predictors and diagnosed
diabeteshave beendiscussed irChapter 2. These studies indicated that there is a relationship
between sociceconomicfactors and being diagnosed with diabetes. Besides smmimomic
predictors, this relationship couldisobe related to other factors such as health care access. In
addition, previous literaturdnashighlighted that some individualsave diabetes without realising

it. Undiagnosed diabetes is onetbk main causes fothe early onset of diabetes complications.
Undagnosed diabetes has become a public health issue and reducing the burden of Ti2dM is
a high priority in Saudi Arabia. Letegm undiagnosed diabetes is associated wvathigh risk of

seriouscomplicatiorsthat could lead to early death.

Globally it has been estimated that 45.8% of the adult populatimho have diabetes are
undiagnosed(Guariguata et al., 2014)'he eay identification of individuals with undiagnosed
diabetes or those who have higisk of developing diabetgpre-diabetes)is therefore potentially

an effective approach to tackle the burden of this disease and its complicgdtder et al., 2005,
Clark and Utz, 2014)Together, these considerations point to the potential of estimat
undiagnosed diabetes in driving polices that could reduce the high prevalence of diabetesisT2DM
usually asymptomaticinitially, however insulin resistance has important lotgrm health
complications For example, chronic high blood sugar damagesdVessels which can lead in turn
to damage to a rangef organs including eyes, kidneys, nerves, largd major blood vessels to
heart and brain. These complications are often already present in patients with late disgfos
T2DM. We therefore need tonderstandbetter the scale of and reasons underlying undiagnosed

T2DM.
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Thismeans that public health policy should hathee dual objective of preventing T2DM where
possible together with the earlier identification of individuals wittdiabetes. The early
identification of undiagnosed cases in Saudi Aratilaimprove health outcomes for those with
T2DM. In this context, several studies have already developedsk score tool based on
demographic and anthropometric measureBhese areaimed at predicting the likelihood of an
individual having undetected diabetes using different diagnosis criteria. However, these risk score
models are not directly applicable to the Saudi population dueadio-economicand lifestyle

differences.

This chapteris divided into fourmain sections: introduction, methods, resultdiscussionand
conclusion.In Section 6.2 1 describe my approach tthe statistical analyses of the association
between education level and diagnosed diabetes describé&thapter 4 A review of thditerature

on the association between education level and diagnosed diabetes and the risk factors discussed
in Chapter 3. Ths review allowed me to develop an analytical framework for the relationship
between education level and diagnosed T2DM with a list of possible risk fath@sesultof the
analysisare divided into three subsections and will be presentedSettion 6.3 The section
presents the characteristics of study participardaad adescriptive and analyticalnalysisof the
relationship between education level and diagnosed diabetes. Thistahagll end with a

discussion andgummary of theconclusiosin Section 6.4

The aim of this chapter is to investigate the association betwadurcation leveland diagnosed

diabetes addressindghe following research questions:

1. What is the association beten education level and the diagnosed diabetes? Is this
association affected bgninteraction between education level and gender?

2. Does this relationship persist after controlling for demographic, regiseaigeconomicand

healthcare access factors?

My hypothesis is that individuailgith lower educationlevelsare more likely to have undiagnosed
T2DM. Furthermore, | propose that demographic and health care access factors influence the
relationship betweersocieeconomicfactors and diagnosis of T2DM, and that thiaffectedby an

interaction between employmerstatus and health insurance.
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6.2 Methods

6.2.1 Study design and participants

A

The study uses data collected in the second phase of the Saudi Health Interview Survey (SHIS
which included only Saudi citizens aged 15 years and above. This issextimsal survey designed
to investigate the prevalence of chronic diseases and #ssatrisk factors among Saudi residents
from different regions across the country. A summary of the data and the survey mettemds
described irChapter4. Participants who had T1DM (71 individuals) and who live in the Tabuk region
were excluded from thestudy (see section 4.3 for further information on this). The survey applied
the 'O 6 test to identify individuals with undiagnosed diabetéstotal of 4,461 participants took
the 'O 0 test of whom 738 had diabetedNote that of thosewith high HbAlc, somewere

previouslydiagnosed.
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6.2.2 The association between education level adéhgnosisdiabetes

Theoutcomeis the resultof crosstabulationbetweenHbAlctest results:(HbALlce< 6.5%o0r HbAlc
%6.5%)andthe surveyquestion:dHaveyoueverbeendiagnosedwith diabetesby adoctoror health
professional® - the classificationtable is discussedin detailed in Chapter 4. Binary logistic
regressiorwasselectedfor the first analysigiueto the dichotomousnature of the studyoutcome.
Thepurposeof applyingthis modelisto understancthe relationshipbetweenthe outcomevariable

and possibleexplanatoryvariables.

The analyticalframeworkfor the relationshipbetween diagnased diabetesand educatioral level
basedon publishedstudieswaspresentedin Chapter2. Theanalyticalframeworkfor this chapter
follows the outcome measure(individualswho are diagnosedor undiagnosedwith T2DM).The
analyticalframeworkexaminesvhetheranindividual@ educationlevelinfluencesthe likelihoodof
diagnosisDifferentdemographiccommunity,sociceconomicandhealthcareaccesgactorscould
influence this relationship. Then, healthcare accesscharacteristicscould also influence the

likelihood of anindividualbeing diagnosedwith T2DM.

Administrative region is another important predictor of commuHrigvel based on previous
literature indicatingthat the variation insociceconomiclevelsbetween regionscould affect an
individual@ likelihood of being diagnoseBorexample, higkeducated individualsire more likely

to be awareof diabetesand thereforeless likely tdhave undiagnosed diseastey arealsomore

likely tovisit healthcare facilitiesoutinely. As discusesd in Chapter 3, there is a free public health

care services for all nationals in Saudi Arabia. However, only governmental employees have private
health care access through employee health insurance, and the réisé &audi population pays

out-of-pocket for private serices(Almalki et al., 2011, Mourshed et al., 2006, Walston et al., 2008)

Health care accessere explored using the following four variablésealth care provider number
was classified as: no; yéene location) yes,(more than one location)This variable describetie
additional health care places for participanta/hile dl individuals have free access to public
primary health care servicethis variablemeasureaccess tcadditional health care provision |
hypothesised that individuals who hatcess tanore thanone source ofhealth carewere more

likely to diagnosed.
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Type of health care facility last visited for medical attentid@lmalki et al., 2011)This variable
was categorised into three groups: public; private; and othagpothesised thatndividuals who
attend governmental hospitals aresslikely to be diagnosed compared to those who attend
private sector hospitalsThe third variable was véther the individual has hadrautine checkup
(binary classified yes or no). This was used aselbwcated individuals are less likely to have a
routine checkup of their health compared with higaéducated groups andretherefore more likely

to be unawae of their diabetes statuddowever, his factor could alsceflect on ease of access to
health care facilitie¢Costanian et al., 2014, Collier et al., 2015, Grintsova et al., 2014)

Finally, thetime between home and health care facilitwas used as it might influence the
probability of visiting health care servicgbejaidi, 2010, Mourshed et al., 2008husjndividuals
who lived near toa healthcare facility might be more likely to undergo a routine cheglkand
obtain an early diagnds of diabetes.This variable was categorized based on the SHIS database:

less than 60 minutesr more than or equalo 60 minutes.

In addition the region of residencecould also affect individuadociceconomiccharacteristics,
whichin turn mightinfluencethe likelihood ofreceiving a diagnosi®egion may also be associated
with health care access driven by regional health care policy and by geographical loeagion (
remoteness). Each risk factor discusge@€hapter2 wasincluded in the analytical frameworlas
they are all potentiallyrelevant tothe outcome anccould help in gaining letter understandingpf

the association between education level and diagnosed diabetes.

Before applying the logistic regssion model, bivariate analysis was applied to assess the
significance of the relationship between the outcome measure and explanatory variables using Chi
square tests. This identified the most significant risk factors that influence the likelihoodngf be
diagnosed with T2DM {palue<0.05). After identifying the significant relationships, five logistic
models were fitted for diagnosed diabetegyntrollingfor different sociceconomi¢ demographic,
healthcare access factoedong withadministrative regpn. These factors will be explained more
fully in the following section. The following table presgtite analytical framework anthe five

logistic regression models.
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Table6.1 The analyticalrhmeworkfor diagnosis diabetes outcome

Outcome Main Model adjustment Variables list based on SHIS database
measure predictor

Diagnoss Education | Model 1:Unadjusted

diabetes level

Model 2: Demographic factors

Age and sex, and marital status

Model 3: Geographical location

Administrative region

Model 4: Socieeconomicfactors

Employment status and household income

Model 5: Healthcare access factors

Health care provider number, routine cheuag,
distance between home and healthcare facility,
and hospital type.

Model 6: Fully adjusted+ gender
differences

Model 4 + interaction between education level
and sex

As mentioned above, the outcome variable in this chajgevhether anindividual®@ T2DM status

waspreviously known/diagnosed or not (undiagnosed). This outcentempasse®38 individuals

who previouslyknew about their diabetes status and 399 individuals who did not. The analysis used

the explanatory variablelistedin Table 6. Themain outcome is diagnosed diabetes defined as

individuals who had clinically confirmed T2DM irrespective of their Hite\EL. The relationship

between the outcome measures atite study predictors used the classical Shuaredgoodness

of-fit€ test. Binary logistic regressiomas used to address all the statistical analysesrried out
using STATA (Stata Corp. Inc, SA)U
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6.3 Results

6.3.1 Descriptive results

Table 63 shows the characteristics of the sample used to examine factors relating to whether
someone with diabetes knew about their status before the survey#iheviously known diabeté€3

or diagnosed clajor were diagnosed subsequentlytested whetherthe following factors were
significant associated with being diagnosed diabetes or usihg univariate analysisThese
statistics show the percentage distribution of diagnosed and undiagnosed T2DM baséfe i@mdi
socieeconomic demographic, healthcare access and administrative regions. In addition to the
descriptive results imable 63, the significance of associations between potentially explanatory
variables and the study outcome was measured usingriitea analysis Overall, 57.4% of the
affectedpopulationhad a T2DM diagnosis that predated the suniMgles were more likely to fall

into this category (males 60.9%, females 53.2%), as were older groups (three times more likely to

be in this category thn younger aggroups).

The results also show that individuals in the low education group are more likely to
know their diabetes statyswith 69.3%being aware, with41.5% in the higher educated group.
Individuals who lived in the Eastern region wehe most likely to be aware of their condition
(71.0% diagnosed compared to 63.8% in the Western region that showed the next highest
percentage).The results also indicated that retired and unemployed individuals had the highest
proportion of previously dignosed T2DM (76.0% and 70.0% respectively); this association was
significant. In addition, individuals who are currently unmarried (divorced, separated, and
widowed) were more likely to he been previously diagnosed (74.2%) compared to individuals
who never married (16.3%)although this is likely to be related to agehus, three socioeconomic
factors; education level, employment status and marital status have a significant relationship with
the prediagnosed category. Unexpectedly, the household incoradable did not show a

significant relationship with preliagnosed status.
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Several healthcare access variables examined were found to be significantly associated with
pre-diagnosed diabetes. A higher proportion of individuals who had routine health eipckell
into the diagnosed category (64.7%) compared to individuals dithamot haveroutine checkups
(51.1%). Conversely, individuals who lived near to a healthcare facility were less likely to fall into
the diagnosed category than those who lived far from healthcare faeititys observation was
significant. However, thisistance analysis considered only public healthcare cergmgndividuals
using private healthcare facilities would be missed. This is important, as individuals who attend
private and other facilities such as specialised public hospitalsshow a higkr percentage of

previous diagnosis than those attending public healthcare facilities.

However, it should be noted that the distance variable was affected by a high level of missing
data and inaccuraciy time recording. The resudialso indicated thahavinghealthcare insurance
did not show any obvious association with faiagnosed T2DM. Other healthcare varialdesed
on the conceptual frameworthat failedto show significant associations with pil&agnosed status
were healthcae provider numberndthe nature of the hospital attended (public or privat@he
proportions ofindividuals withpre-diagnosed diabetes are presentedFfigures 6.2, 6.3 and 6.4
These results showhat the highest proportion of undiagnosed diabetisseen in thosevho are
high-educated, female and/holived inthe Gentral or Southern region€onversely, theroportion
of individuals withundiagnosed diabetewas lowestamong loweducated individuals, males and
thosewho lived in Eastern or Western liegs.However, the level of undiagnosed diabetes was still

pronounced among these groups.

57 Other group included other specialised public hospitals and other toeiftires. Specialised public hospitals are mainly targeting
Saudi- YR SELJI GNAF GSaQ SY LI ShadBedlthcare gySemiskubtirdNid chdpteriwio)h S& 64 S S
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Table6.3 Characteristics of survey participantsdiignosed and undiagnosed T2DM

Variables Categories Total Undiagnosed Diagnosed p
N (%) 937 399 (42.6) 538 (57.4)
Sex Female 423 198 (46.8) 225 (53.2) 0.018
Male 514 201(39.1)  313(60.9)
Age 15-24 59 56 (94.9) 3(5.1) <0.001
25-34 86 70 (81.4) 16 (41.1)
35-44 151 89 (58.9) 62(41.1)
45-54 216 84 (38.9) 132 (61.1)
55-64 193 57 (29.5) 136 (70.5)
65+ 232 43 (18.5) 189 (81.5)
Education level Low education 413 125 (30.3) 288 (69.7)  <0.001
Middle education 237 106 (44.7) 131 (55.3)
High education 287 168(58.5) 119 (41.5)
Employment status Government employee 238 129 (54.2) 109 (45.8) <0.001
Non-government employee 27 16 (59.3) 11 (40.7)
Unemployed 150 45(30.0) 105 (70.0)
Retired 196 47(24.0) 149 (76.0)
Homework 238 106 (44.5) 132(55.5)
Selfemployed 44 16 (36.4) 28 (63.6)
Student 42 39 (92.9) 3(7.1)
Other 2 1 (50.0) 1 (50.0)
il\r/llgcr)lrt]:ltlay Household Lowest/ poorest 406 157 (38.7) 249 (61.3) 0.150
Low / poor 130 56 (43.1) 74 (56.9)
Middle 107 42 (39.3) 65(60.8)
High / rich 64 30 (46.9) 34 (53.1)
Highest / richest 46 23 (50.0) 23 (50.0)
Unknown or decline to respond 184 91 (49.5) 93 (50.5)
Marital status Currently married 701 287 (40.9) 414 (59.1)  <0.001
Never married 86 72 (83.7) 14(16.3)
Divorced, Separated, and widowed 147 38 (25.8) 109 (74.2)
Unknown / decline to respond 3 2 (66.7) 1(33.3)
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Variables Categories Total Undiagnosed Diagnosed p
N (%) 937 399 (42.6) 538 (57.4)
Routine checkup No 483 236 (48.9) 247 (51.1) <0.001
Yes 377 133(35.3) 244 (64.7)
Missing 77 30 (39.0) 47 (61.0)
Time between home and healthcare facility Less than one hour 667 270 (40.5) 397(59.5) 0.007
More than one hour or equal 68 24 (35.3) 44 (64.7)
Missing 202 105 (52.0) 97 (48.0)
Hospital type Public 641 260 (40.6) 381 (59.4) <0.001
Private 73 29 (39.7) 44 (60.3)
Other 84 27(32.1)  57(67.9)
Missing 139 83(59.7) 56 (40.3)
Health care provider numbérinsurance No 251 108 (43.0) 143 (57.0) 0.299
Yes, there is one place 263 122 (46.4) 141 (53.6)
Yes, there are more than one plac 5.4 154 (40.7) 224 (59.3)
Missing 45 15 (33.3) 30 (66.7)
Region location Central region 307 144 (46.9) 163 (53.1)  0.048
Eastern region 38 11 (29.0) 27 (71.0)
Western region 138 50 (36.2) 88 (63.8)
Northern region 150 57 (38.0) 93 (62.0)
Southern region 304 137 (45.1) 167 (54.9)
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Figure6.2 Proportions of diagnosed and undiagnosed diabetes by education level
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Figure6.4 Proportions of diagnosed and undiagnosed diabetegdnder group

6.3.2 Analytical results

The followingTable 6.4presents a series of nested logistic regression models that were
constructed based ornhe analytical framework showin Table 6.1 The moded explored the
association between previously diagnosed T2DM and education level, with subsequent models
adding andcontrolling for demographic, region, other socioeconomic, and healthcare access
factors. The progressive nature of the six models allomedo testthe effect of the various control
variables on the intensity of the association between-gi@gnosed T2DMnd education level. The
first model shows that loveducated individuals were more likely to be previously diagnosed than
high-educated individuals (OR: 2.717-value<0.05), as were middkrucated individuals (OR:
1.902, pvalue<0.05).

In thesecond moel (adjusted with demographic variablebpwevereducation level did not
show a significant relationship with previously diagnosed T2BMndividuad age appeared to
have an important relationship witthis outcome individuals aged 2534 year weredss likely to
be diagnosed@ompared withindividuals aged 3544 and older (OR: 0.269;value<0.05). Similarly,
the 45¢ 54 age group were more likely to be represented than those ageqi86and younger
(OR: 1.868, p<0.03regarding gender, males were more likely to fall into the previously diagnosed
category compared to females (OR: 1.576yapue<0.05). Marital status was not significantly
associated with the diagnosed of T2DM in any of the nested logistic mdtelsadmnistrative
region variable was included in the third adjusted model but showed no significant association with

previously diagnosed T2DM.
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In model four, two socioeconomic factors were included in the analysis. Employment status had no
significant relatioship with diagnosed T2DM outcome in any of following nested models.
contrast,monthly household income was a reliable predictor of previously diagnosed steiths,
low-income individuals overepresented compared to the lowest income group (OR: 2.@45
value<0.05). The middiecome group also showed a higher likelihood of previously diagnosed
status than lowestncome individuals (OR: 1.996\vplue<0.05)After controlling for health care
access predictors in thé&fth model, all three variables hadio significant relationship with
individuals who were previously diagnosed with T2DM. Similarly, hospital type, routine-wheck
and distance between home and health facility had no association with previously diagnosed T2DM
in any of the nested models.dfusting thefinal model with a term for educatiorsexinteraction

alsohad nosignificant effect.

In conclusion, with regards to demographic variables, sex and marital status were not significantly

related to previously diagnosed T2DM. However, an ifdda- f Qa | 3S ¢l a | aA3IYyATAOLY
indicator. Monthly household income did have an important relationship with diagnosed T2DM in

the last three nested models, with leimcome individuals having the highest likelihood of being in

the previously diagneed group. Region and other healthcare access factors showed no significant

association with previously diagnosed T2DM stafisspreviously mentioned in Chapter 5, some of

these associations were not statistically significant due to the small size of pamllation that

reduced the statistical power of the analysis.
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Table6.4 Generalised binary logistic regression odds ratios and 95% confidence intetiedrdsed T2DNHousehold weighted models)

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
OR [95%CI] P OR [95%ClI] P OR [95%Cl] P OR[95%ClI] P OR [95%ClI] P OR [95%CI] P
Education level
High education (ref) 1 1 1 1 1 1
Low education 2.717 (1.764 4.185)  0.000 1.178(0.679- 2.042) 0.560 1.202(0.6% - 2.090) 0.514 1.717(0.925- 3.185) 0.086 1.771 (0.945-3.319  0.074 1.91(0.769 - 4.748) 0.163
Middle education 1.902 (1.190 3.040) 0.007 1.563(0.905- 2.699) 0.109 1.601(0.918-2.793 0.097 1.934(1.092- 3.426) 0.024 1.985(1.122- 3.5]) 0.018 2.02(0.773¢ 5.296) 0.151
Age group
35¢ 44 (ref) 1 1 1 1 1
15-24 0.058(0.008-0.448) 0.006 0.059 (0.008-0.438) 0.006 0.047(0.008-0.713 0.028 0.036 (0.002 0.590 0.020 0.036 (0.002; 0.591) 0.020
25-34 0.269(0.119- 0.606) 0.002 0.277(0.123-0.622 0.002 0.295(0.125- 0.698) 0.005 0.281(0.123- 0.639 0.002 0.282 (0.123; 0.649) 0.003
45-54 1.868(1.065¢ 3.273 0.029 1.888(1.073¢ 3.322 0.028 1.716(0.962- 3.064) 0.068 1.546(0.857-2.79)) 0.148 1.538 (0.85%; 2.780) 0.154
55-64 1.858(1.004- 3.439) 0.049 1.919(1.044- 3526) 0.036 1.628(0.832- 3.185) 0.155 1.632(0.8283.217 0157  1.622(0.82Z 3.198) 0.163
65 + 4,054(1.967¢ 8.352 0.000 4.303(2.085¢ 8.879 0.000 3.748(1.666¢ 8.432 0.001 3.464(1.518¢ 7.909 0.003 3.505 (1.51% 8.094) 0.003
Sex
Female (ref) 1 1 1 1 1
Male 1.570(1.002¢ 2.461) 0.049 1579(1.011- 2.467) 0.045 1.289(0.634-2.427) 0.432 1.367(0.744-2512) 0.314 1.428(0.635¢ 3.210 0.388

Marital status

Never married (ref) 1 1 1 1 1

Currently married 1.438 (0.31@; 6.671) 0.643 1.462(0.333- 6.426) 0.615 1.326(0.276- 6.375) 0.725 1.369(0.268-6.987)  0.706 1.375(0.273- 6.917) 0.699
Divorced Separated, and widowed 2.159 (0.41% 11.199) 0.359 2.199(0.446-10.835)  0.333 2.153(0.402-11.512)  0.370 2.166(0.378-12.416)  0.386  2.153(0.380- 12.176) 0.385
Decline to respond or unknown 0.579 (0.05% 5.915) 0.645 0.622 (0.064 6.063) 0.683 0.574 (0.061- 5.356) 0.626 0.853(0.078-9.359 0.897 0.876(0.081- 9.438 0.913

Model 1:unadjusted;Model 2:adjusted by demographic factors @gexand marital status Model 3:includes also administrative regioridpdel 4:includes alssociceconomicfactors (employment status anc
monthly household incomeModel 5:includes also Healthcare access fact@istance between home and health facilitputine checkup, and hospial type); Model 6: includes als@ducation level and sex
interaction term,P: p-value(significant ilBBOLD; OR:Odds RatiosCI:Confidence interval.
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Table 64 Generalised binary logistic regression odds ratios and 95% confidence intetiediodsed T2DNHousehold weighted models) (cont.)

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
OR [95%CI] P OR [95%Cl] P OR [95%CI] P OR[95%CI] P OR [95%Cl] P OR [95%Cl] P

Administrative Regions

Western region (ref) 1 1 1 1

Central region 1.319(0.760- 2.265 0.314 1.251(0.726-2.159 0.420 1.296(0.735-2.283 0.370 1.298(0.731- 2.306 0.374
Eastern region 1.302(0.453- 3.740 0.624 1.603(0.533-4.8149 0.400 1.695(0.563- 5.109 0.348 1.697 (0563-5.110 0.347
Northern region 1.254(0.576-2.733 0.569 1.196(0.537- 2.669 0.661 1.193 (0.543 2.618 0.661 1.185(0.537-2.619 0.674
Southern region 1.069(0.615- 1.859 0.813 1.077(0.610- 1.899 0.798 1.117 (0.€3¢ 2.10) 0.664 1.139 (0618- 2.098) 0.677
Employment status
Government employee (ref) 1 1 1

Non-government employee 0.674(0.133- 3.409 0.633 0.770(0.149- 3.983 0.756 0.776 (0150- 3.995 0.761
Unemployed 1.268 (0.562 2.862) 0.568 1.285(0.578-2.861) 0.539 1.275(0.565- 2.873) 0.558
Retired 1.696(0.787- 3.655) 0.177 1.658(0.760- 3.614) 0.204 1.683 (0770- 3.676) 0.192
Homeworker 0.9%4 (0.459- 1.979 0.899 0.996(0.482- 2.059 0.91 0.976(0.457- 2.085 0.950
Seltemployed 1.074(0.447- 2.583) 0.873 1.031(0.416- 2.552) 0947 1.051 (0422-2.614) 0.916
Student 153 (0.180-13.126 0.694 2.281(0.262-19.83 0.455 2.309(0.264- 20.202) 0.449
Other 1.091 (0.064- 18.552) 0.952 0.812(0.048¢ 13.89 0.886 0.806(0.047- 13.718 0.882
Monthly household income

Lowest (ref) 1 1 1

Low 2.045(1.059- 3.948) 0.03 2.088(1.086-4.017) 0.027 2.086(1.084-4.017) 0.028
Middle 1.9% (1.016- 3.919 0.05 2.012 (1.018 3.977) 0.044 2.009(1.018- 3.965) 0.044
High 153 (0.664- 3.551) 02 1.406(0.590- 3.345 0.441 1.403 (0.590- 3.339 0.443
Highest 1561 0.637- 3.82) 0.33 1.582(0.617-4.047) 0.339 1.592 (0619- 4.087) 0.334
Missing 0.573(0.334- 0.983) 0.04 0.557 (0.323- 0.961) 0.035 0.553(0.321- 0.953) 0.033
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Table 64 Generalised binary logistic regression odds ratios and 95% confidence interval of previously unknown diabetes (Houskterdhweeigls) (cont.)

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
OR [95%CI] P OR [95%CI] P OR [95%CI] P OR [95%CI] P OR [95%CI] P OR [95%ClI] P

Hospital type
Governmental (MOHyef) 1 1
Private 0.764 (0.352; 1.652) 0.493 0.762 (0.35% 1.654) 0.491
Other 1.083 (0.589 1.993) 0.797 1.079 (0584- 1.990 0.808
Missing 0.433 (0.2350.799) 0.007 0.431(0.233-0.798 0.007
Routine checkup

Yes (ref) 1 1

No 0.716 (0.46% 1.110) 0.136 0.714 (0459- 1.108 0.133

Missing 0.398 (0.18% 0.846) 0.017 0.398(0.187- 0.848 0.017
Distance between home and health facility
More than 60 min 1 1
Lesghan 60 min 0.424 (0.17% 1.044) 0.062 0.422 (0170- 1.046) 0.062
Missing 0.534(0.195- 1.459) 0.221 0.532(0.193- 1.464) 0.222
sexx Education 1
Male x low education 0.869(0.291¢ 2.596) 0.802
Male x Middle education 0.979(0.311- 3.073 0.971
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6.4 Discussion and conclusion

This analysis was carried out to explore the association between education level adidgmess

of T2DM.Thisled to the development of a risk score model for identifying individuals who are at
high risk of having undiagnosed diabetes. The risk score model will be discussexidepth in

the following chapter. A descriptive analysis of the results revealed tltiduals from lower
socioeconomic groups were less likely to have undiagnosed T2BMxpected, most individuals

with abnormally high Hb1Ac had diagnosed T2DM (57.4%), with the remaining individuals (43.6%)
classified as having undiagnosed T2DM. Howethax, prevalence of undiagnosed T2DM is
particularly high compared to that reported in other higitome countriegBeagley et al., 2014)

The proportion of undiagnosed diabetis®stimatedat 28.4% in highncome countriesonly40.7%

of that seen inthe MENA region. This probablyresultingfrom a combination ofimited access to

healthcare and poor awareness of diabetasong the population

Diagnosed diabetes was most prevalé@mnimales, individuals aged over 65, people who attended
private hospitals and those whived in the Eastern administrativegion.In contrast, undiagnosed
diabetes was more prevalent in younger age groups and individuals with higher education levels
and who attended public hospitals. These findings are in accordance with previous litenratine o
relationship between education levels and diagnosed T2DM. However, health care access has
emerged as an additional important risk factor for diagnosed T2DM in this stlidgse
observations are significant, as previous epidemiological studi€zairdi Arabia on diagnosed
diabetes have concentrated on demographic and lifestyle risk predictors, with little consideration

of socioeconomic and health care access factors.

The gender difference was significant and was expected as males had a highéamrew T2DM

than females, consistent with previous studies. The effect of age was also significant. As discussed
in the chapter five, older age groups are more likely to have T2IbM resultappearsconsistent

with previous literatureasolder individwals are more likely to use health care servidéste that a

higher prevalence does not necessarily translate into a higher proportion of individuals who are

aware of their condition. This applies to both the apparent gender and age ffect
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The unadjustd model indicates that there is a significant positive relationship between
undiagnosed T2DM and educational level. This finding is inconsistent with a previous US study,
which provided evidence that better educated individuals were more likely to bandssgl with
T2DM (Robbins et al., 2005)t might be expeted that better educated individuals had more
knowledge abouthe disease and its symptom$he results of the present study confirm that
education level is anmportant variable, but not after contrbhg with other factors The
discrepancy with the UStudy in terms othe direction of the association might be explained by
the fact that, in the Saudi population studied here, there is a strong relationship between age and
education level.This would lead to an excess of diagnosed diabetes among lessateduc
individuals, as this group would tend to be old&ener et al., 2009) even when controlling for

age Thus the different agedistribution in the current studyneans thathose inolder agegroups

are more likely to be contained in the low education categdilyis interpretation is likely to be
correct, as the effect of education level disappeared after correcting the model for sex, age, and
marital status. This is an unexpecteduksbecause less wellducated individuals were more likely

to have diagnosed T2DM if they were male, and/or fell into the middle and older age groups. Age

and gender were both independently and significantly associated with diagnosed T2DM.

Studies reviered in chapter three show that individuals in the older and middle aged groups were
more likely to be diagnosed with T2DM than those in the younger age group, with no gender
differences(Berer et al., 2009)Gender was significantly associated in first two mogdilasthis
observation is at odds with previous studies showing that females were more likely to be diagnosed
with T2DM than males ! f 1 b dzl AHdWevemtthgieffeat was not significant in the final model.
One possible explanation could be the strong inverse relationship between education level and age
These resulttherefore indicate that education level is not a key predictor of T2DM diagnosis after

controlling for other demographic variables.

Marital status was not significantly associated in this moldelyeverprevious studies indicated

that marital status was associatedth diagnosed diabetes (more prevalent in the married and
previously married groups). The results of the current study do, however, show a different trend. It
has been reported that married and previously married individuals have a higher likelihooidgf be
diabetic(Murad et al., 2014)and so are more likely to be diagnosed with T2DM than the never
married group.9 Sy F FGSNI O2y G NRffAYy3 GKS Y2RSt F2NJ |
sex were significantly associated with diagnosed T2DM. This result indicates that there is no

regional variation in praiagnoss of T2DM.
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Previous studies wermore focused on the influence of regional variation in healthcare access and
quality on the prevalence of T2DM, reflecting regional differences in urbanisation(Brestn et

al., 2004, Sommer et al., 201H)dividuals who lived in rural areas were less likely talipgnosed

than those who lived in urban areéSicree and Shaw, 2007This result might be expected, as the
Eastern region is classified as a socioeconomically advantaged region with correspondingly high
quality education and healtbare provision. This resulieached significance, and has been
identified in previous studies, indicating that geographic region is a proxy of community

socioeconomic status and urbanisatiosee the previous discussion in chapters two and three.

In terms of controlling the modebf other socioeconomic factors, the results demonstrated that
middle-educated individuals were more likely to be diagnosed with T2DM compared te high
educated individualsThe result of this model observe that education level is now significantly
associatée with diagnosed T2DM, and that only certain age groups show association with diagnosed
T2DM.Gender region and employment status appeardidl not show significant associatiavith
diagnosed T2DM. However, monthly household income was significantly ateshbioweverthis

was only observed in low and middlecome groups. Some of these findings are not in line with
the findings ofpast studies, which provided evidence that high socioeconstaitisindividuals in

the United States were more likely to béadnosedwith T2DM compared to lov8ESndividuals
(Clark and Utz, 2014, Wilder et al00%, Robbins et al., 2003} possible explanation of this finding
might be thatindividuals in low and middiincome groys are lesslikely to be weHeducated
and/or inyoungerage groups, then they are more likely to be diagnosed with T2DM diabetes based
on previous model€Employment status is another variable that might influence this relationship;
however, it was not ghificantly associated with diagnosed T2DM as any effect was removed by

the strong relationship between age and diagnosed diabetes.

With regard to the effect of health care access, mideliieicated individuals were more likely to be
diagnosed withT2DM. Interestingly, the resglhighlighted that hospital type, routine cheelp,

and distance between home and health care facility were not significant predicfatiegnosed
T2DM. The associatiowith health-care access is probably explained by thet finat middle
educated individuals fall mainly into middle or older age groups who have increased prevalence of
T2DM.This result is inconsistent with the previous research on health care utilisation and diagnosis
of T2DMdiscussedin Chapter two, which ighlighted that health care access factors were
important predictors of diagnosed T2DM. Individuals who weregagnosedwith T2DM were

more likely to have better health care access than those who were unaware of their status.
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A previous studydentified that individuals who had insurance and routinely visited health care in
Mexico were more likely to have diagnosed T2@Wang et al., 2010howeverit did not consider

the importance of health care access influence as a proxy of socioeconomic status for diagnosed
T2DM. This is an area of active research in the U.S., where the diversity in health care utilisation
may significantly influence2ZDM outcomes. Some studies have found an association between
undiagnosed T2DM and lack of health care ac¢&bang et al., 2008)jndicating that access to
health care services provides early detection througireening inhealth care centres and
prevention by adherence to healthier lifestyl€lark and Utz, 2014This point was discussed in
Chapter 2 with refeznce to a concern in Saudi Arabia concerning a lack of community health care
studies that could impact on the incidence of T2DM and its early diagnosis. Individuals from lower
sociaeconomic groups are less likely to participate in private health carktitzcin Saudi Arabia.
Access to these facilities relies on the ability to-&atfid, or having work place health insurance

schemes that cover private hospitals and additional health care seridaiston et al., 2008)

Individuals who are unemployed, students, housewives and employees without health care
insurance were more likely to be unaware of their T2DM status for a long timeght of these
considerations, | added an employment/healthcare access factor interaction term to tlye full
adjusted model. This showed that there is no significant interaction between employment and
health care insurance in relation to diagnosed T2DM. Some public besdttfacilities in the
country provide poor health care services that do not carry out routine blood tests (Almalki et al.,
2011). This might explain the low likelihood of early T2DM detection in some rural regions
compared with other more urban regions$audi Arabia. In the present study, the influence of the
gender and education level interaction tesmon diagnosed T2DM was not significant. Only age and
monthly household income have a major influence on the relationship between education level and
diagrosed T2DM in Saudi Arabia.

To conclude, the purpose of the current study was to investigate the relationship between
education level and T2DM diagnosishas shown that age and monthly income are the most
important risk factors for diagnosed T2DM ahdng out several questions in need of further
investigation. The following chapter will follow on from this study by developing a prediction model

for undiagnosedliabetes.
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7.1 Introduction

This chapteextends the previous analysis in an attempa help develop a T2DM risk model for
predicting undiagnosed casess weneed to better understand the scale of and reasonsartying
undiagnosed T2DM. This should have the dual objective of preventing T2DM where possible, and
the earlier identification of individuals with undiagnosed diabetes. The early identification of
undiagnosed cases in Saudi Arabia will improve healthoouts for those with T2DMn this
context, several studies to date have already developed risk scoreltaséd on demographic and
anthropometric measures. These togisedict the likelihood of an individual having undetected
diabetes using range ofdifferent diagnosis criteria. However, these risk score models are not

directly applicable to the Saudi population duestaciceconomicand lifestyle differences.

This chapteiis divided into five main sections: introduction, background and rationale,
methods, resultsdiscussionand conclusionSection 7.2reviews previous studies that aimed to
develop a risk score model for undiagnosed T2DNeletion 7.3the underlyingstatistical analyis,
development,and validation ofthe prediction modelfor undiagnosed T2DM and prediabetes will
be describal. The results are divided into three subsections and will be present&edtion 7.4
The first subsection presents the characteristics of study participants, the following two sobsect
will address the development and validation of undiagnosed T2DM and prediabetes prediction risk
score modelsThis chapter will enavith a discussion angummary of the mairconclusiois in

Section 7.5

7.2  Background and rationale

Screening of individuafer the early detection of undiagnosed diabetes is potentially an effective
approach to tackle the complications of the disease and ensure adequate control in the future
(Wilder et al., 2005, Clark and Utz, 2014 Yyeview of T2DM diagnosisgteriaconcluded that there

are diferences in diabetes diagnosis guidelines in the GCC coufhAtiess et al., 2011)
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This along with differences iaociceconomicand lifestyle factors, means that diabetes risk score
models based on the wider GCC region cannot be applied to the Saudi populasicreening tool

to identify individuals at highisk of undiagnosed diabetes Baudi Arabia would therefore be of
great value, particularly if it is based on Saudi data. The tool would enable the identification of
individuals at highrisk of progressingp undiagnosed T2DM, alldimg interventions such as close
monitoring, lifestyle advice,and potentially preemptive medication. This in turn would help to
reduce the burden of T2DM complications that set in early after the onset of diabetes. An accurate
prediction model is an essential prequisite for such a screening tool, andavibuld also help with

the development ohew publichealth policedo reducethe prevalence ofindiagnosed diabetes
(Collins ¢al., 2011)

A considerable amount of research has been published on undiagnosed T2DM risk score modelling.
These studies suggest that using the risk score model results in clinical practice is particularly
valuable inthose countries with the highest risk of diabeaes. Once individualsat high riskof
developing diabetes are identified using the risk score assessmenthieyglcan therundergo one

or more screening tests that include: a fasting blood glucose test; oral glucose tolerance test
(OGTT)pr measurement of od 'O palevels. Despite the large number of studies in different
populations aimed at developing a risk score model for T2bkte have been few attempts to
deliver such a model iGCC countries. Significantly, previous prediction models haveiven g

much attention tosociceconomicfactors. This observation was one of the main motivations
behind the present studyl'he following sutsection provides an overview of risk prediction models

for T2DM, includin@ consideration ofmethods for theirdevdopment and validatio.

The following tables provida list of relevant prediction modelfor undiagnosed diabetes and
prediabetes (inrable 7.1 and 7.2 Different terms have been used to identify relevant articles that
presented risk prediction model for undiagnoséidbetes To find relevant studies, a literature
search of MedlineScience Dire¢tGoogle Scholaand Web of Sciencéor data sources repoing
undiagnosed diabetes conducted from 1990 to 2018 using the search termiabete€)
,4dndiagnose® Prediction modeQ'pPrediabete

Only those studies with thprimary am of developngrisk score models for undiagnosed diabetes
and prediabetesreincluded in this chapted.excluded any articles aimeat developingdevelop
prediction modes$ for T1DM, involving gestational diabeter based on childrenln addition,
relevant articlegeferred to in these primary sourcegere also reviewed.His approach identified

a spectrum ofstudies based ora range ofsourcedata sets and predictors used tbuild the

prediction model.
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Most of the modelsidentified included demographic, anthropometric and lifestyle factors. The
most commoty observedpredictorswere age, waist circumference, body mass index (BMI) or
obesity, familyhistory of diabetes and hypertensioA single Chinese study was uniguethe
empirical literaturein that it developed separate prediction models based on gerée et al.,
2010) While a fewstudiesincludedsocioeconomicfactors,thesewere not found to be significant.
Furthermore,only fourstudieshave developediiabetes risk score nuels specificalljor the GCC
region these were sein Kuwait(Al Khalaf et al., 2010bpaudi ArabiéMemish et al., 20150man
(AFLawati and Tuomilehto, 200@nhd the UAKESulaiman et al., 2018)

However,none ofthe four GCGtudies usedocioeconomicfactors in develojng themodel. The
Sulaimanstudy set in the UAEound gender, education level and income status were not
significantly associated with undiagnosed diabetes in the UAE. However, this model only covered
Sharjah city and the Northern EmiratdheKuwaiti study by AKhalaf observed that exercigdigt,

and smoking were not associated with undiagnosed diab&amnilarly the Omanistudyfound that
gender, family history of hypertension and smoking were also not significantly asso@iateahost
common risk predictors used in the GCC region predictionainadre age, waistircumference

family history of diabetes and hypertension. However, the Saudi mdeetlopedby Memish
observed that smoking status amchistory of gestational diabetes weglditional predictors for

the Saudi population. Family histoanda siblingwith diabeteswere alsoidentified as valuable

predictors.

Another study byHandlos et al. (2013)leveloped two MENA regional prediction moddds
diabetes and diabetes or prediabetbased on a pooled sampt# individualsfrom Saudi Arabia
(Riyadh, and Jeddah), UAE (Dubai, Sharjah and Abu Dhabi), Algeriac(Bliaa¢d between
November 2010 anBecember 2011. The final model included age, BMI, family history, number of
siblings with diabetes, gestational diabetes for femalad ethnicity. The current study therefore
addresses two significant gaps in our knowledge by assessing the importasmeiceéconomic
factors in the identification of undiagnosed diabetes, and by applying these specifically to a Saudi

population that has to date been poorly represented.

Regarding thadiagnostic criteriamost studies in the literature used the Oral GlucGsderance
test (OGTT) and/or the Fasting Plasma Glucose (FPG) diagnostic criteria. However, one recent study
in the UAE used the HbAlc test in order to identify diabetes st@ukiman et al., 2018Most

previous studies have based their models on individuals aged 30 years or above {agddle

groups).
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However, other modeladdressing populations iimdia(Mohan et al., 2005, Ramachandran et al.,
2005) the USABang et al., 20099nd ChindGao et al., 201@s well the GCC countries were based
on individuals aged 20 years and aboVke use of a lower threshold of 20 years is probablytdue
the higher rates of T2DM in these countries, reflecting an earlier agfgenset for disease

necessitating the inclusion of younger age groups in the risk models.

With regard tomodel building five studies used univariate screening to include riskdjaters to

the model(Ruige et al 1997, Gao et al., 2010, Chaturvedi et al., 2008néi et al., 2004, De Sousa
et al., 2009)in two other studies the approach used was uncl@&eesukphan et al., 2007, Ko et
al., 2010) Two further studies included all predictors in the final mo¢idiohan et al., 2005,
Ramachandran et al., 2005)he renaining studies used automatic variable selection techniques
such as forward selectioffl Khalaf et al., 2010b, Ko et al., 2Q289ckward eliminatiorfRuige et

al., 1997, ALawati and Tuomilehto, 2007, Borrell et al., 2007, Gao et al., 200deGet al., 2004,
De Sousa et al., 2009%nd stepwise regressiofBaan et al., 1999, Keesukphan et al., 2007)

identify the most appropriate risk predictors for the final multivariate model.

Two studies used internal validation by randomly splitting the data into development and validation
datasetqGlimer et al., 2004, Ramachandran et al., 20@0&)wever, for the majority of the studies,

the model was validated using another dataggaan et al., 1999, Alawatiet al., 2002, Bang et al.,
2009, Chaturvedi et al., 2008, Gao et al., 2010m@t et al., 2004, Keesukphan et al., 2007, Ko et
al., 2010, Mohan et al., 2005, De Sousa et al., 2000)nost cases, the performance of the
prediction model was evaluated usings@tistic discrimination measurgshe area under ROC,
sensitivity, specificity). Some studies applied further validation strategies déééndiscrimination

measures.

However, only two studies (the Chinese and Egyptisk models) assessed model performance
using acalibration measure (Hosméremeshow goodness of fit test) to compare predicted risks to
observed riskgGao et al., 2010, Tabaei and Herman, 20B2parding model presentation, most
studies derived a simple scoring system from the relevant risk n{&iage et al., 1997, Ahwati

and Tuomilehto, 2007, Baan et al., 1999, Bang et al., 2009, Chaturvedi et al., 2008, Gao et al., 201C
Glmer et al., 2004, Ko et aRp10, Mohan et al., 2005, De Sousa et al., 2009, Ramachandran et al.,
2005) These prediction model studies resulted in a simgapsystem obtained by multiplying or
dividing the regression coefficients by a constant (typically 10) and then rounding the values to the

nearest integer.

181



Chapter 7

Based on the above summary of published prediction modeldiadihgs fromprevious chaptes,

| generated an analytical framework for better understanding the association between different
risk factors and undiagnosed diabetes. This is shown in diagrammatic form in ctaatel6. The
diagram includes a set of risk predictdryased on the previous literature and some additional
individual and communitysociceconomicand healthcare access factors. As mentioned in the
previous section, the most common classes of risk predictor for undiagnosed diabetes were
demographic and lifegte factors. | have not found any systematic attempt to conssEic
economicand healthcare access factorsamprediction model. This research study will attempt to

add predictors from these unrepresented classes to the prediction model.

For examplesocioeconomidfactors such as education level and household income could influence
an individua® lifestyle and access to healthcare. Based on the literature revi€wadpter2, highly
educated individuals were more likely to have been diagnosed wibliM2ompared to less well
educated individuals. This could be explained by variation in lifestyle affecting susceptibility to
disease, but also by probability of diagnosis due to improved access to healthwoakglace
testing and awareness of the diseasrd its symptomsHowever individuals with lowesocic
economicstatus may havegreater morbidity prompting them to attend health care for health

problems which mighaélsoresult inincreasedesting.
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Table7.1 Summary of previously published prevalence of T2DM prediction models (undiagnosed) and their risk factors

Author Population Significant variables included in the final Definition of undiagnosed Sample size Age group Measure
prediction model diabetes performance
Ruigeet al. (1997) The Netherlands Frequent thirst, pain when walking with a need tc  Participants classified based on WH: N =2,364 (50-74) AUC =0.69
slow down, shortness of breatthen walking, age, criteria 759 OGTT (1993) AUC =0.62
gender, obesity (BMI), obesity (men), family histol N =786 (45-74)
of diabetes, use of antihypertensive drugs, (1995)
reluctance to use a bicycle for transportation
Griffinet al.(2000) United Kingdom Age, gender, prescribed antihypertensive WHO criteria N =1,077 40- 64 AUC =0.80
medication, prescribed steroids, BMI, family histol Sensitivity = 0.77
of diabetes, smoking status Specificity = 0.72
Glumeret al. (2004) Denmark Age, BMI, gender, known hypertension, physica Individuals without known diabetes N =6,784 30-60 First half: AUC = 0.804
activity, family history of diabetes and with FPGx7.0 mmol/L or 2h PG Second half: AUC =
%11.1 mmol/L defined as SDM 0.761
Pilot study AUC = 0.80:
Mohanet al. (2005) India Age, abdominal obesity (waist circumference), Diabetes diagnosis based on WHO N = 2,350 %20 AUC =0.698
physical activity, family history of diabetes criteria, 2hr PGx200 mg/dL Sensitivity = 0.725
Specificity = 0.601
Ramachandraet al. India Age, family history of diabetes, BMI, waist Diabetes diagnas based on-h PGk (2000) Cohort 1 n = 4,993 %20 Sensitivity =0.766,
(2005) circumference, physical activity 11.1 mmol/L Cohort 2 n =5,010. (1995 Specificity =0.599
Cohort 3 n = 2,002
(1999) Cohort 4 n =676
Wang et al. (2015) Southern Chinese Age,family history of diabetes, BMI, waist Individuals without known diabetes GuangzhouN = 3,162 %20 Female: AUC=0.75
circumference. and with FPGx7.0 mmol/L or 2h PG TibetN = 1,289 Men: AUC = 0.73
%11.1 mmol/L

ADA American Diabetes Associatid@iyll, body mass indeXxVHQ World Health OrganisatiofPG fasting plasma glucos®GTT oral glucose tolerance testVD cardiovascular disease;i?PG, twehour 75g postload plasma
glucose leveltlGT, impaired glucose toleranc#:G impaired fasting glucos&DM screerdetected diabetesBMI, body mass indexy/HO/IDF; World Health Orgnisation/International Diabetes Federatiaxh PG two-hour 759

postload plasma glucose lev&OCReceiver Operating Characteris##d;)C Area Under the CurvieL:HosmerLemeshow
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Table7.1 Summarnyof previously published prevalence of T2DM prediction models (undiagnosed) and their risk factors (cont.)

Author Population Significant variables included in the  Definition of undiagnosed diabetes Sample size Age group Measure performance
final prediction model
Keesukpharet al. (2007) Thailand Age, BMI, history of hypertension 759 OGTT carried out based on WHO critel N =429 38-58 Sensitivity = 0.968 and Specificit
=0.24
Chaturvedet al.(2008) India Age, blood pressure, waisircumference, family Undiagnosed diabetes defined FIRG26 N = 4,044 (1991994) 36¢ 64 Sensitivity = 0.73
history of diabetes mg/dL ¢7.0 mmol/L) but were not aware of N =10,566 (2001 Specificity = 0.56
their glycaemic status 2003)
Heikeset al. (2008) United States Age, waist circumference, history of gestatione Undiagnosed diabetes based on FPG andfol N =6,620 40-74 AUC =0.85
diabetes, family history of diabetes, ethnicity, h OGTT and absencelafving been told that Sensitivity = 0.88
high blood pressure, weight, height, exercise, individuals have diabetes Specificity = 0.75
parental diabetes
Banget al. (2009) United States Age, sex, family history of diabetes, history of Undiagnosed diabetes defined as BRTGO N = 5,258 (1992004) %20 AUC =0.79
hypertension, obesity (BMI or waist mmol/L (k126 mg/dL) N = 19,728 (2002006) AUC =0.74
circumference), physal activity
Borrell et al. (2007) United States Age, sex, ethnicity, family history of CtD % MHcC Y3IkR 4,830 %20
diabetes, selfreported hypertension,
hypercholesterolaemia, periodontal
disease
Gaoet al.(2010) China Age, waist circumference, family history of Based on WHO/IDF 2006 criteria for N =1,986 20-74 AUC =0.673
diabetes individuals without known diabetes, FR{3.0 N = 4,336 Men: HL.. & & 1 ¢
mmol/L and/or PGk11.1 mmol/L Female:HL. p®{ T T
Grayet al.(2010) United Age,gender, ethnicity, firsdegree family history Diagnosed based on WHO criteria with BRC N = 6,186 40-75 AUC =0.72
Kingdom of diabetes, antihypertensive therapy or history 7 mmol/L and/or 2h PGx11.1 mmol/L. IFG N=3,171
of hypertension, waist circumference, BMI defined as FPG between 6.1 anél fimol/L
BernabeOrtiz et al. (2016) Peru Age, diabetes in firstlegree relatives, and waist  Undiagnosed diabetes defined as BRTGO N =2,472 %35 AUC =0.68
circumference. mmol/L (k126 mg/dL) N = 2,945 Sensitivity = 0.70
Specificity = 0.59
Heianza et al. (2013) Japan Age, sex, family history of diabetes, smoking, Undiagnosed diabetes defined as BRIGO N = 33,335 18-88 AUC = 0.806
BMI, and hypertension mmol/L (or HbAle6.5%) Sensitivity = 0.727
N=7,477 Speificity = 0.681
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Table 7.1Summary of previously published prevalence of T2DM prediction models (undiagnosed) and their risk factors (cont.)

Author Population  Significant variables included in the  Definition of undiagnosed diabetes Sample size  Age group Measure performance
final prediction model
Xieet al.(2010) China Men: waist circumference, age Participants without previous diagnosis of 15,540 35-74 Men: sensitivity = 0.59; specificit
(2000- 2001) Women: waist/ hip ratio, age diabetes were categorised according to the AD =0.63; women: sensitivity = 0.61
diagnostic criteria: undiagnosed diabetes (FRC specificity = 0.%.
7.0 mmol/L)
De Sousa et al. (2009) Brazil Age, BMI, known hypertension FPG > 126 mg/dL (7.0 mmol/L), that is, provisio 1,224 %35 AUC =0.772
diagnosis of diabetes according to ADA criterie
classified as T2DM patients 467 AUC =0.720
Koet al.(2010) Hong Kong Age, sex, BMI, hypertension, dyslipidaemii 75g OGTT based on WHO 1998 criteria (kP8 N=2,448,n= 27-47 AUC =0.735
family history of diabetes, gestational mmol/L and/or 2h PGk11.1 mmol/L) 3,734,n=1,513
diabetes
Tabaei and Herman Egypt Age, random plasma glucose, postprandie Undiagnosed diabetes defined based on BPG N =1,023 (31-59) Sensitivity = 0.65
(2002) (1992- 1993) time, sex, BMI 126 mg/dL and/or zh PGk200 mg/dL. N =1,065 (31-61) Specificityv= 0.96
US subjects HL... uv& ¥ ™ O
Barengo et al. (2017) North Colombia  Age,waist circumference, uisg hypertension  Undiagnosed diabetes defined based on BPG N =553 18-74 AUC =0.74
medication, family history of diabetes 126 mg/dL and/or zh PGk200 mg/dL. Sensitivity = 0.73
Specificity = 0.67
Chien et al. (2010) Taiwan Age, sex, waistmumference, BMI, family "0 6 test based on WHe@riteria, if "0 6 N=17,773 %30 AUC =0.770
Chinese ethnic history, hypertension 7.0% indicates diabetes Sensitivity = 0.76 to 0.96
Specificity = 0.39 to 0.63
Heltberget al. (2018) Denmark BMI, age, antihypertensive medication, "0 b test based on WHe@riteria, if "0 6 N = 21,205 %20 AUC =0.771
cardiovascular disease, fitnesgist 6.5% indicates diabetes
circumference.
Pramono et al. (2010) Indonesia Age, obesity, central obesithlypertension,  Undiagnosed diabetes defined based oh PGx N = 18,956 %18 AUC =0.64

and smoking habit 200 mg/dL.
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Table 7.1Summary of previously published prevalence of diabetes prediction méutedsagnosed) and their risk factors (cont.)

Author Population Significant variables included in the Definition of undiagnosed diabetes Sample size  Age group Measure
final prediction model performance
Al-Lawati and Tuomilehto Oman Age, waist circumference, BMI, family history Diagnosed diabetes based on WHO 1998 criteri N =4,881 %20 AUC =0.83
(2007) (1991) diabetes, hypertension OGTT (FPG 11.1 mmolthdost 75g glucose load) N =1,432 AUC =0.76
(2001)
Al Khalakt al. (2010) Kuwait Age, waist circumference, blood pressure ADA 2003 criteria. If FPG wg8.0 mmol/L or 562 %20 AUC =0.82
(2007) medication, diabetes in sibling random glucose wag11.1 mmol/L, participants Sendivity= 0.87
were classified as having newly diagnosed diabet Specificity = 0.64
Memishet al.(2015) Saudi Arabia Age, history of gestational diabetes, smoking  OGTT (fasting plasma glucogeOmmol/L or 2h 1,485 %20 Sensitivity = 0.766
(2009) family history of diabetes, and central obesity postload glucosexl1.1mmol/L) Specificity = 0.521
Sulaiman et al. (2018) UAE (2013) Age, family history of diabetes, hgriension, "0 b test based on WH@riteria,if 00 6% ¢ @ 872 X My AUC =0.82
Sharjah and North BMI, and waisto-hip ratio indicates diabetes Sensitivity = 0.75
Emirates Specificity = 0.70

Table7.2 Summary opreviously published prevalence of diabetes and prediabetes prediction models (undiagnosed) and their risk factors

Author Population Significant variables included in the Definition of undiagnosed diabetes Sample size  Agegroup Measure
final prediction model performance
Xin et al. (2010) China Age, body massidlex, waist/hip ratio (WHR), ClF &G Ay 3 LI F &Yl 3f dz024a8 Sensitivity = 0.653
hypertension, family history of diabetes. had a 75g oral glucose tolerance test. N =2,826 %35 Specificity = 0.725
AUC =0.689
Heikes et al. (2008b) United States Age,waistcircumference, weight, height, Fasting plasma glucose (FPG) and oral glucos: N =7,092 %20 Sensitivity = 0.75
family history,exercise tolerance test. Specificity = 0.65
AUC =0.75
Gray et al. (2010) United Kingdom Age, ethnicity, sex, firslegree fanily history, Individuals without known diabetes and with FRG N = 6,186 40-75 AUC =0.72
Multi-ethnic hypertension or antihypertensive, waist 7.0 mmol/L or 2h PGx11.1 mmol/L Sensitivity = 0.81
circumference IFGFPG = 6.1 to 6.9 mmol/L othi2PG = 7.8 to N=3,171 Specificity = 0.45
11mmol/L
Handlos et al. (2013) MENA Age, BMI, family history, gestational diabetes HbAlok42 mmol/mol §6.0%) N = 6588 30-75 AUC =0.620.70
Saudi Arabia ethnicity Sensitivity = 0.75
UAE Specificity = 0.5 0.57
Algeria
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The aim of this chapter is xplorewhethereducation levelsociceconomicand healthcare
access factors are predictioé undiagnosed diabetes and to developradicton tool to enable
screening of individuals at high risk of the conditidhe chapter addresses the following research

questions:

1 Dosociceconomicand health cee factors contribute to prediction models of undiagnosed
diabetes and highisk of diabetes in the whole population excluding those with diagnosed

diabetes?

1 Which socieeconomic factorshould beincluded in a prediction risk score to identify

individualswho are at risk of having and undiagnosed T2DM ofTR2i@M?

1 Canl useaprediction risk score model inclimd sociceconomicand health care access
factors to identify high risk individuals with undiagnosed T2DM ofTj2BM?

7.3 Methods

The analysis addressthe research questioniisted aboven that it aims to develop a prediction
model for undiagnosed T2DM and pf@DM among the whol8audipopulation(excludingthose
individualswith diagnosed diabetgs|t developsseparate prediction models based on two related
outcome measureslhe first considestwo categories: undiagnosed T2DM (individuals who had no
previous diagnosis of T2DM, including status unknown, and had HiBAl6%) and normal
(individuals with no preieus diagnosis of T2DM, including status unknown, and had HbAlc < 6.5%).
The second outcome measure will use a broader definition for affected individuals that includes
those with preT2DM. Thisconsiderstwo categories: individuals with no previous diagitoof
T2DM or preT2DM, including status unknown, and HbA#6.7%, again compared to normal
(HbAlox p dDué& to tihe nature of outcome measures, the prediction moaedse developed

usingbinary logistic regression based on a similar dataset toubed in previouschapters.
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7.3.1 Developmert of prediction model

The study use categorical variables without interaction terms develop straightforward and
relevant prediction models that can be used to generate a risk score appropriageré®ningTo
developarisk score modelall predictors that are significantly associated with the main outcome
variables in bivariate analysis must be includedeveloped the fingbrediction modeby selecting
from different prototype models using.g AIC and Bl@ndapplyingperformance measuresuch

asAUC sensitivity,and specificity to construct an effective and fitted prediction model.

Two common strategies have been used to choose the most important predictors for the outcome
(Pavlou et al., 2015)n the first approach, univariable screening, the association betwaeh e
predictor and main outcome is examined individually and only statistically significant predictors are
included in the final model. The second clasapyroach usea stepwise model for selection of the
most significant predictors, such as forward selection and backwdimdination. The model
selectionprocedureis a systematic process for selecting and building the model by adding or
deleting predictor variables. Baglrd elimination starts with the most complex model and then
deletes the least significant terms sequentialig; contrast,a forward procedure adds terms

sequentially to a simple model.

In this way, all predictors that do not meet the pilefined threshdd for statistical significance are
deleted from the prediction modeHowever, both approaches hatiee disadvantageahat minor
changes in the predictor selection procedure or in the sample ciofildence the final choice of
predictors Hence,in this sudy | incorporated other measures to develop the models and applied

two alternative measures to quantify and estimate ithguality.

The two measures werthe Akaike Information Criterion (AIC) and Bayesian Information Criterion
(BIC); also known as th&chwarz information criterion (SI®uha, 2004)The AIC is an estimate
based on extension of the Maximum Likelihood functiocludinga number of parameters. The
BIC/SIC is an estimate function of the posterior probability of the maiséhg such measures, the
best model is the one with the lowest AIC or BIC valieedisadvantage of usingither AIC or BIC

is that there isa risk ofoverfitting the model as both measures consider the parameter number.

The AIC and BIC can be defined based on the following equations:

006 ¢ 11O ¢ (7.1)

606 ¢ 110 11 71 (7.2)
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is the number of estimated pameters? is the data sample size, adds the maximised
value ofthe likelihood function of themodel. However, due to the importance afeveloping a
model with high sensitivity, | also compared models baseddiscrimination and calibration
approacles such as sensitivitgpecificity the area underthe receiveroperating characteristic
curve (AUC)YLalkhen and McCluskey, 2008he Youden index andhe HosmerLemeshow
ogoodness of f# statistic The following take describes the confusion matrix based on sensitivity,

specificity,and other measures:

Table7.3 Confusion Matrix/ Classification Algorithm for clinical prediction models

TEST The Truth / GoldStandard
SCORE

Has the disease Does not have the

disease

POSITIVE (+ve) True PositivgTP) False PositivéFP) Positive Predictive
Value (PPV)

NEGATIVEVE) False Negativé-N) True NegativéTN) | Negative Predictive
Value (NPV)

Sensitivity Specificity

The area undethe receiveroperating characteristic curve (AUB)a graph of sensitivity versus
specificity for various cuff definitions of a positive diagnostic test result. The AUC valuesgang
from 0 to 1, where a perfect tesias anAUC value of JA comparison of the different models based
on these measures allaselection of the best prediction model.applied he binary logistic
regression approach to build prediction mosldébr predicting those individuals at high risk of
undiagnosed T2DM and RT&DM, and to identify the most important predictors for the risk score
model (Steyerberg, 2008)

The probability of having undiagnosed diabetes was modelled byddg or logistic:
at&E— 1 T o E T ® (7.1)

Wherew & model predictors, thHe & the regression coefficients. The outcome variable followed

binomial distribution and the probability can be-veitten as:
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A QQ0wQ06 -

(72)

The reference values for each categorical explanatory variable were determined in the final model,
andcovariates were checked so as nobtoit any incorrectlyln addition to above steps, the results
were used to create a weighted scoring system by roundinghapegression coefficients/odds
ratios in the final model to the nearest integd@ang et &, 2009) Addingthese scores then giga

total score for each individual. Such a pemsised model may have a useful role in classifying
individuals according to their risk of diseasethat thosewho are at highest risk can then be offered
further testing in a clinical environmentSensitivity analysis will be carried out to test the
robustness of the final model by using the available data and ignoring any missing information for
participants. | will run the final prediction model in two situatiof$ an analysis that consider only
individuals with complete case records; anda?) analysis including an extra category for each

variable to include missing valuyedlowing inclusion of all participants in the model.

7.3.2 Validation of prediction model

After developinga prediction model, it is important to validate it. The most common
strategiesusedto evaluatemodel performanceareinternal validation,externalvalidationand use
of performancemeasuresall of which| will discussn the following sections Internalvalidationof
apredictionmodelcanbe achievedy applyingone of four strategiesapparentvalidation;the split
sampleapproach(if the sampleis largeenough);crossvalidation;or bootstrapping(Steyerberget
al., 2001, Collinset al., 2011) The most appropriate strategy for internal validation generally
involvesresamplingof the data (bootstrapping)unlessthe samplesizeis large,in which casethe
splitsamplestrategywill be most appropriate (Efronand Tibshirani,1994) One drawbackof the
splitsamplestrategyisthat it underestimatesnodelperformanceandprovidesunstableestimates

becauseonly half of the sampleis usedto build the model.

In contrast, bootstrap re-sampling is more stable and provides unbiasedestimates of model
performance.Comparedto bootstrap resampling,crossvalidation may not accuratelyestimate
model performance,especiallyif the number of repetitionsis low. Thisapproachis appliedwith
50%o0r 10%of the sampleasa test part. Thenone part of the datais usedto estimatethe model
andassesshe independentpart. After that the performanceaverageis the resultrepeatedover 2

or 10repetitions(Steyerberg2008)
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Irrespectiveof the internalvalidationmethodadopted,externalvalidationis essentiato generalise
the applicability of prediction model. External validation uses historical samples(temporally
differentiated), another cohort, or samplesfrom a different geographicallocation (spatially
differentiated)in the predictionmodel (Steyerberg2008,Altmanet al.,2009) However,although
| requestedadditionaldatasetsfrom SaudiArabiaand Oman,| did not receiveany of them, and |

wasunableto applyexternalvalidationto the modelsin this study.

| therefore decideto use the bootstrappingapproachto assessperformance.The purpose of
internal validationis to estimatethe accuracyof the model and to determinethe quality of the
predictionrisk scoresbasedon the ability to classifyindividualscorrectlyin terms of their diabetes
risk.In other words,to determinewhether its predictive power is asgoodon a randomsampleof
new patients as it was on the training set. Most previous studiesof this type report that the
bootstrappingapproachisthe mostefficientvalidationtechnique(Efronand Tibshirani1994) and
that it providesaccurateestimatesof model performancecomparedto other internal validation
methods(Steyerberget al.,2001) Importantly, the bootstrappingapproachcanbe used whenno

externalcohort datasetof patientsis accessibl@r available.

Althoughl alsousedthe split-sampleprocedure,| mainly usedthe bootstrap methodto perform

internal validaton of the prediction model, andto estimatethe model variability. The bootstrap
sampleisasimulationof the originalpopulationsampleconstructedbuilt by randomsamplingwith

replacement followed by estimationof one parameterfrom eachsamplesuchasthe areaunder
the receiveroperating characteristic(ROC)urve. The standarderrors and confidenceintervals
were extractedbasedon 100 bootstrap samples(Steyerberget al., 2001) Theapproachinvolved
first generatingthe bootstrap samplefrom the original sampleusing replacements(Efron and
Tibshirani,1994) and subjectingit to the prediction model. Logisticregressiorwasthen usedto

predict the risk of diabetesamongindividualsand constructa model for the bootstrap sample.
Finally the resultsof multiple logisticmodelsfrom the originalandbootstrapdatawere compared
and analysedusing standardvalidation measures(Efronand Tibshirani, 1994, Steyerberg 2008,

Steyerberget al., 2010)
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7.3.3 Evaluation of prediction model performance

After developing and validating the prediction model, it is next ingott to evaluate its
performance. Suitable measures include the proportion of fiigk undiagnosed individuals; other
performance metrics such as discrimination; and calibration approaches such as sensitivity,
specificity, and the area under the receivagverating characteristic curve (AUC) as a discrimination
statistic. The area under the receiver operating characteristic (ROC) curve (AUC) was used to
compare the discrimination ability of the two new prediction models between the original sample

and thebootstrap sample.

It was also used to test how well the model parameter can discriminate between the group at high
risk of undiagnosed diabetes and the normal group, and to evaluate model performance by
estimating the AUC for both samplesalidition, the Hosmet.emeshowigoodness of fitest was

used as a calibration performance measure to show the closeness of the match between predicted
and observed frequencieEinally,| comparedmodelperformancefor both originalsampleandthe
bootstrap sample,where the original sampleshowsmodel developmentperformanceand the
bootstrapsamplegivesan estimateof the modelvalidationperformance(Steyerberget al.,2001)

SHIQJlatawasusedfor modeldevelopmentandvalidationthroughout.

Survey sample

Bootstrap samples

D

Fit the model
Survey sample Bootstrap samples
Survey AUC BootstrapAUC

Calculate the Optimism = Bootstrap Al4Gurvey AUC

Figure7.1 Flow chart of prediction model validation Using Bootstrap Method
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Two main outcomes will be investigated in this chapbBiagnosed diabeteis defined as individuals

who had clinicallyconfirmed T2DM irrespective of their actual HbAlc leVékfirst outcome of
interest hereis undiagnosed diabetes defined as individuals with no previous diagnosis of diabetes
and HbAlc levek6.5%.The second outcome is a combined category that induddividuals with
undiagnosed diabetes and pokabetes. This is defined as individuals with no previous diagnosis of
diabetes and a lower threshold for HbAlc level®5 (7%- <6.5%).The following table describes

the predictor and outcome variables ubéor developing the prediction models. The relationship
between the outcome measures and study predictors used the classicatj@dnedGoodnesf-

fite test. Binary logistic regressiamasused to address all the statistical analyses, and carried out
using STATA (Stata Corp. Inc, TX, USA).
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Table7.4 Outcome and explanatory variables codes

Variables

Categories

Undiagnosed T2DM
Undiagnosed T2DM arkRre T2DM
Sex

Age

Marital status

Education level

Employment status

Monthly household income

Body Mass Index (BMI)
Hypertension (HTN)

Routine checlup

0 =Normal,1 = Undiagnosed

0 =Normal,1 = Undiagnosed of T2DM and Ar2DM

1= Male, 2= Female

1=1524,2 =25 34,3 =35 44,4 =45 54,5 =55, 64, 6 = 65+
1 = Currently Married

2 = Not currently married: includes nevaarried.
3 = Separated/divorced, and Widowed.

1 = Low education level
2 = Middle education level
3 = High education level

M I D2 @SNYYS yNongvetihehteSBoyee;8 = Unemployec
4 = Retired; 5 = Homeworker; § =S# WLJX 2@ SRT 1 I { Gdz

1 =Lowest:Less than 3,000 Riyals; 3,000 Riyals to less than 5,000

2 = Low: 5,000 Riyals to less than 7,000; 7,000 Riyalssd¢han 10,000

3 = Middle: 10,000 Riyals to less than 15,000; 15,000 Riyals to less than :
4 = High: 20,000 Riyals to less tf37000.

5 = Highest: 30,000 Riyals or more

1 = Underweight or normal; 2 = Overweight; 3 = Obese
1=Yes; 0=No

1=Yes; 0=No

Time between home and healthcare facility 1 = Less than one hour; 2 = More than one hour or equal

Hospital type
Health care provider number

Region location

1 = Public; 2 = Private; 3 = Other
0 =No; 1 = Yes, there is one place; 2 = Yes, there are more than one plac

1 = Central region; 2 = Eastern region; 3 = Western region; 4 = Northern r
5 = Southern region
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7.4 Results

7.4.1 Prediction model of undiagnosed diabetes

The previouschapter compared the association betweeeducation leveland diagnosedor
undiagnosed diabetes to investigate whether there were differences between the two grimups.
this section] focus onthe association betweesociceconomicfactors andundiagnosed diabetes.
Hence,l compake the group withundiagnosed diabetes anithe normal group considering the
whole population in general rather than diagnosed diabetes césds/iduals who know that they
have diabetes)Theprediction model develophere is thereforébased on undiagnosed diabetes in
comparison tdhe normal groupTable 7.5hows the basic demographsnciceconomig lifestyle,
health care access and administrative regional factors for the study particifjdrggercentage of
distribution between undiagnosed diabetes and norm#&dr each group of study variables is
presented.Of the study participants, 399 cases (10.5%) had undiagnosed T2DM and 3,404 cases
(89.5%) were unaffectedRarticipants with undiagnosed T2DM were more likelyp¢ older, male,

live in the Southern region, and have higher BMI and blood pressure.

Regarding the distribution adocioeconomicfactors, participants with undiagnosed T2DM were
more likely to bdow educated retired, and unmarried.The proportion of undiagnosed T2DM for
females (9.6%) is lower than in males (11.5%). However, this variable was not significant associatec
with undiagnosed T2DM. Twenty five percent of individuals aged 55 to 64 or older had undiagnosed
T2DMsignificantly ligher than foryounger aggroups Twice the proportion of individuals with low
educational status had undiagnosed diabetes compared to the higher education group (16.1% vs
8.4%) respectively. This factor showed a significant association with undiagriidkt] donsistent

with previous studies and reflecting factors such as greater awareness of the disease and healthier
lifestyles in better-educated individuals. In keeping with earlier descriptive results, a higher
proportion of retired individuals had undiaosed T2DM (23.0%) in contrast to the student group
with the lowest proportion (5.5%), and employment status was significantly associated with
undiagnosed T2DM. THestter observation is aexpectedsinceretired individuals are more likely

to be in oleer age groups, and i dzR §reUfivéodd be in the youngesagecategory.
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There was a higher proportion of undiagnosed T2DM among-ihigime individuals,
howeverthe income variable did not show significant association. This finding is inconsistient wi
past studies showing that loimcome individualshave an increased incidence of undiagnosed
T2DMandmight reflect differences in theocioceconomiccontextof the Saudi population. Marital
status showed a significant relationship with undiagnosed diabetes, with a higher proportion of
affected individuals in the unmarried categor. high proportion of bese and overweight
individuals have undiagnosed T2DMlahis relationship is significant. This result is expected given
that obesity is one of the main predictors of T2Dkdividuals living in the Southern region have
the highest proportion of undiagnosed T2DM; individuals who lived in Western region have th
lowest. This factor showed a highly significant association. Hypertensive individuals were more
likelyto have undiagnosed diabetes. Unexpectedly, healthcare access factors were not significantly

associated with undiagnosed T2DM.

Regarding theprediction model, further tests were performed by adding othesocio
economicfactors to the modelindividually The results indicated that age strongly influenced
education level and employment status. However, household income was significantly associated
in somegroups irrespective of ag&ducation levelwassignificantly associated with undiagnosed
diabetes however, adihg education level tdhe prediction modelgavehigher AIC and BIC values
(See Appendix,Hable E.2With regard to region, all three indivigl sociceconomicfactors were
significant inthe model if region was included, orhbth region and age were excluded from the
analysis. | chose to carry out the analysis in four ways: excluding region; excluding age, excluding
age and region; and inaling age and region as eight groups (five regions and three age groups)
with four groups of household income. Excluding age gave better sensitivity but lower specificity;
however, excluding the region brings better specificity. The results are summarisgegpéndix E

(summaryof all models).
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Variables Categories Total Undiagnosed Normal p
N (%) 3,803 399 (10.5) 3,404 (89.5)

Sex Female 2,060 198 (9.6) 1,862 (90.4) 0.054
Male 1,743  201(11.5) 1,542 (88.5)

Age 15-24 885 56 (6.3) 829 (93.7) <0.001
25-34 997 70 (7.0) 927 (93.0)
35-44 892 89 (10.0) 803 (90.0)
45-54 540 84 (15.6) 456 (84.4)
55-64 229 57(24.9) 172 (75.1)
65+ 260 43 (16.5) 217 (83.5)

Education level Low education 777 125(16.1) 652 (83.9) <0.001
Middle education 1,028 106 (103) 922 (89.7)
High education 1,995 168 (8.4) 1,827 (91.6)

Employment status Governmentmployee 1,204 129 (10.7) 1,075 (89.3) <0.001
Non-government employee 148 16 (10.8) 132 (89.2)
Unemployed 434 45 (10.4) 389 (89.6)
Retired 204 47 (23.0) 157 (77.0)
Homework 981 106 (10.8) 875 (89.2)
Selfemployed 113 16 (14.2) 97(85.8)
Student 704 39 (5.5) 665 (94.5)

Monthly Household income Lowest/ poorest 1,545 157 (10.2) 1,388 (89.8) 0.298
Low / poor 612 56 (9.2) 556 (90.8)
Middle 510 42 (8.2) 468 (91.8)
High /rich 242 30 (12.4) 212 (87.6)
Highest frichest 188 23 (12.2) 165 (87.8)

Marital status Currently married 2449 287 (117) 2162(88.3)  <0.001
Never married 1,076 72 (6.7) 1,004 (93.3)
Divorced, Separated, and widowed 265 38 (14.3) 227 (85.7)

Routine checkup No 2573 236(9.2)  2337(90.8)  <0.001
Yes 984 133 (135) 851 (86.5)
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Table 7.5Characteristics of survey participants withdiagnosed T2DNtont.)

Variables Categories Total Undiagnosed Normal p
N (%) 3,803 399 (10.5) 3,404 (89.5)
Time between_home and Less than one hour 2.416 270 (11.2) 2,146 (88.8) 0.525
healthcare facility More than one hour or equal
q 244 24 (9.8) 220 (90.2)
Hospital type Public 2,250 260 (11.6) 1,990 (88.4)  0.117
Private 367 29 (7.9) 338(92.1)
Other 244 27 (11.1) 217 (88.9)
Health care provider number No 1,118 108 (9.7) 1,010 (90.3) 0.311
Yes, there is one place 1,190 122 (10.3) 1,068 (89.8)
Yes, there are more than one plac 1.339 154 (11.5) 1,185 (88.5)
Region location Central region 1,356 144 (10.6) 1,212 (89.4)  <0.001
Eastern region 126 11 (8.7) 115 (91.3)
Western region 738 50 (6.8) 688 (93.2)
Northern region 559 57 (10.2) 502 (89.8)
Southern region 1,024 137 (13.4) 887 (86.6)
Bodymass index Underweight or normal 1,212 90 (7.4) 1,122 (92.6)  <0.001
Overweight 1,204 131 (10.9) 1,073 (89.1)
Obese 1,387 178 (12.8) 1,209 (87.2)
Hypertension Yes 815 114 (14.0) 701 (86.0) <0.001
No 2,988 285 (9.5) 2,703 (89.5)
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Development of the prediction model

1 Comparison between various prediction models

Beforefurther refinementof the precisionmodel,| comparedthe four initial modelsdescribed
aboveontheir ability to predictundiagnosed’2DMcasesn the generalpopulationusingfour main
predictors | assessedhese usinga combinationof approachesncludingBlICand AlCselection
measures,AUC, sensitivity, specificity, HosmerLemeshowp-value and chisquare tests. These
results are summarisedin Table 7.6. The following four prediction modelshave been assessed
basedon different performance and model selection measuresin order to identify the best

predictionmodelwith undiagnosedr2DM.

Overall,four main predictors had significantassociationsvith undiagnosedl2DM.Model 1
usedthree main predictorsfor undiagnosedl 2DM:age,routine checkup, and region. Thismodel
hadthe lowestBlCvaluecomparedo the other modelsandaverygoodareaunderthe curvevalue.
However the sensitivitywaslow in comparisorto the other modelsandwasnot further developed.
Model 2 usedfour predictors:age,routine checkup, region,andbody massindex. Thismodelwas
excludedbasedonits low sensitivity greaterBlCvalueandlow HosmerLemeshowp-value.Models
3 and 4 useddifferent combinationsof predictors;both had similaror highersensitivityvaluesto
the first two. However,model 3 had higher AUCand specificityvaluesthan the fourth modeland

wasusedfor further refinement.
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Table7.6 Summary statistics for different prediction models based on model selection and performance measures

Model predictors Observations BIC AIC AUC [95%CI] Sensitivity Specificity C Youden HL-p HL-c
1 Age + Checkip + Region 3,557 2349.23 2281.29 0.6606 [0.6305, 0.6907] 0.55 0.71 -2.00 0.260 0.4939 7.40
2 Age + Checkip + Region +BMI 3,557 2360.17 2279.87 0.6674 [0.6378, 0.6971] 0.54 0.72 -2.04 0.263 0.2484 10.24
3 Age + Region +BMI 3,557 2357.99 2283.87 0.6638 [0.6339, 0.6937] 0.64 0.62 -2.18 0.263 0.3034 9.48
4 Age + Checkip +BMI 3,557 2349.68 2294.09 0.6524 [0.6230, 0.6818] 0.64 0.59 -2.31 0.229 0.6004 6.42

BIC Bayesian Information CriterioA&lC:Akaike Information CriterioAUC:Area Under the Curve&:Optimal Cutoff value;Y: Youdenindex: Sensitivity + Specificitit ; HL-p: HosmerLemeshow P valuéjl-c: Hosmer
Lemeshow CHi |j dzZ NB & K-lleEdshowpa/alu¥ &nbldow chiquare values indicated a goodnesfst A ( £
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Figure7.2 Receiveperating characteristic (ROC) curves for various prediction models in the presente&study.

58 BLUEModel one:AGE+CHEG¥P+REGION (AUC: 0.6668DModel two: AGE+CHEEQKP+REGION+BMI (AUC: 0.66GREENyIodel three: AGE+REGION+BMI (AUC: 0.663BANGHYIodel four: AGE+CHEG@KP+BMI (AUC:
0.6524),BLACKREFERENCE (AUC: 0.500)
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1 Constructingthe prediction model

The results of the multivariate logistic regression moaed listed in Table 7.7 Effects due to
gender,socioeconomicfactors and health care access factors were not statistically significant and
were excluded in subsequent analyses, leaving aggipn, and BMI as the most appropriate
predictors of undiagnosed T2DM. The followinggenets the final regression model derived from

the dataset. Ageregion,and body mass index are split into multiple categories to capture the
individual risk score, giving aptimal cutoff point of 10.16.In the model, the main outcome is
presence of unidgnosed T2DM: (Yes = undiagnosed T2DM, No = Normal). The predictor variables
areage (six categories), BMI (three categor@s)Region (five categories). The risk of an individual
experiencing an event depends on combining the risk factors attributatig¢dhree predictors.

Then, the logistic regression model ussd

0 00 ®REQE B'QOE EAQ QM QE 6 COM 0 QM 0 Q 6-9+4 (7.3)
OMIRGO HIREQT Q108 60 Q1 OOAG®QQ | 1 QQQEE 600 (74)
In addition,r ®©QQ 1 1 QQQ¢E 6 0 "@re estimated in order tcalculate the risk score

for each patient. For example, the risk scoredardr G A Sy 4G F ISR np &SFNRER 2f

lived in Southern region would be calculated as:
0 i ﬁ CROXTRT XT® X CTE @ ¢ p&p G

Therefore, the predicted risk for this patient would be*2P< ™ PCEMNNGE QP

TopwpC

Age was significantly associated with undiagnosed T2DM, with individuals aged between 45 and 54
more likely to have undiagnose@DMthan agedbetween 15-24 years old (OR: 2.33). This effect

has been observed previously as discussed above. Similarly, high body mass index showec
significant association with undiagnosed T2DM, with obese individuals having a high likelihood of
undiagrosed T2DM compared to thosehose BMI waswithin the healthy range or below (OR:
1.45). Administrative region was also a significant predictor of undiagnosed T2DM, with individuals
living in the Southern region more likely to be affected than those ir@etral region (OR: 1.30).
Unlike the previous two factors, this unexpected finding offers a new insight into the epidemiology
of undiagnosed T2DMn light ofthis, | extendedthe analysis using bivariate analysis in order to
assess the association betwean individua® sociceconomicstatus and administrative region as

a proxy of community/regiosociceconomicevel.
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Table7.7 Risk factors and final development prediction model of undiagnosed T2DM

Risk factor Categories Odds Ratio [95% ClI] b P-value Score assigned
Intercept -2.797

Age 15-24 1 Reference - 0
25-34 1.01 [0.69, 1.46] 0.007 0.969 1

35-44 1.43[1.00, 2.07] 0.363 0.049 4

45 - 54 2.33[1.61, 3.39] 0.847 <0.001 8
55- 64 4.34[2.85, 6.61] 1.468 <0.001 15
65+ 2.69[1.75, 4.16] 0.991 <0.001 10

BMI Underweight or normal 1 Reference -- 0
Overweight 1.28[0.95, 1.71] 0.244 0.104 2

Obese 1.45[1.09, 1.93] 0.372 0.011 4

Region Central region 1 Reference - 0
Eastern region 0.70[0.37, 1.36] -0.351 0.294 -4

Western region 0.59[0.43, 0.84] -0.512 0.003 -5

Northern region 0.92[0.66, 1.28] -0.087 0.606 -1

Southern region 1.30[1.01, 1.68] 0.266 0.041 3

Two possible predicted results are analysed in the confusion matrix present€dbie 7.8 A
positive result implieanindividud hasdiabetes; a negative result means they do not based on the
cut-off point discussedabove (>= 10.16)The classification table was constructed using 3,803
individuals whowere screened using the prediction model. Out of the 3,803 cases, the test
predicted 1,549 cases of undiagnosed T2DM and 2,254 cases without diabetes. The clinical data
shows that in fact 399 individuals in the sample have T2DM; the remaining 3,404 individuals do not

have diabetes.
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Table7.8 Confusion matrifor undiagnosed T2DM

Test results

(Predicted test)

True Disease Status (Gadthndard = HbA1c)
Abnormal Normal Total
Positive (+ve) TP = 256 FP =1,293 1,549
Negative (ve) FN = 143 TN=2,111 2,254
Total 399 3,404 3,803

Abnormal:Undiagnosed (HbAL&6.5%); Normal: (HbAlc < 6.59Fpsitive: cutpoint - 2.18; Negative: cupoint <-2.18

The percentage of individuals with a positive screening test that truly have T2DM ranged from
14.7 % 18.5%. However, the percentagéindividuals with a negative screening téisat truly do

not have T2DM rangefiom 92.6%- 94.6%. The positive and negative likelihood ratios measured
the prediction model performanc&heaccuracyassesselow often is the classifier correaverall

This is given byfTP+TN)/total = (256+2,111)/3,803 = 0.628P2% .Themisclassificatiorrate, in
contrast, assessdww often itiswrongoverall. This is given b§EP+FN)/total = (1,293+143)/3,803

= 0.3776 = 37.8% highrisk of undiagnosed diabetes can be defirmesdapredicted probabilityof
greaterthan or equalto 0.1011; conversely, individuals aatlow riskif their predicted probability

is lower than 0.1011. In generé#he predicted probabilities of undiagnosed T2DM increased among

middle-aged and obese individuals.

Individuals who lived in the Eastern and Western regions were less fikélstve undiagnosed
T2DM, followed by individuals who lived in the Central and Nortlmegions. Individuals who lived
in the Southern region have a higisk of undiagnosed T2DM. The predicted probability of
undiagnosed T2DM for individuals who lived in the Central region ranged from 5.8% (ag=d 15
and BMI < 25} 27.7% (aged 58 64 ard BMI»30). There is a trend towards higher predicted
probabilities of undiagnosed of T2DM among obese individualsttaomsk aged 35 years old and
over (11.3%, 17.1%, and 27.7%); and among miaghal individuals who lived in the Eastern or
Western regios and had high BMI ranging from 112d.3%. conducted internal validation of the
prediction model using spttample validation (further information iAppendixE) together with
bootstrap methods andn assessment of theariability in model estimatesthe performance of
the validation model is very similar to that of the development model with a minimal increase in
the AUC value to 0.665. Overall, the performancehefbootstrap sample is very similar to the

original samplaising a range gderformancemeasures.
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1 Performance measures of the prediction model

Table 7.9summarise the performance statistics of the final prediction model for undiagnosed
T2DM. The Hosmdremeshow test showed thahe final model fitted well (pvalue = 0.6401). The

Saudi diabetes risk score model was constructed based on the coefficierdsirugbe final
prediction model. The risk model gave an AUC value of 0.67 (95%CI: 0.64, 0.69). The optimal cut
2FF LRAYOG F2N dzyRAF3IAy2aSR RALl 0SiS a-endplrical co
off L2 AY G-H@IMF ¥ x ™ dwmoff poibt, Pardicipénts wetehcateg@ided as at high risk
of T2DM with sensitivity 0.64, specificity 0.62PV of 0.641&ndanNPVof 0.6202. Theccuracy

of the prediction modelis 0.622 (given by (TP+TN)/total = (256+2111)/3,803while the
misclassifiation rate is 0.378 (given by(FP+FN)/total = (1293+143)/3,803

H®PCcH dzaAy

Table7.9 Summary statistics for different prediction models based on model selection and performance meas

Models observation AUC | Sensitivity | Specificity | Optimal cut Youden HL-c HL-p
point index
Original sample 3,803 0.664 0.64 0.62 -2.18 0.262 6.06 0.6401
Bootstrapping sample 3,803 0.665 0.64 0.62 -2.18 0.262 6.06 0.6401
HL- C HosmefrLemeshow Cksquare;HL-p: HosmefLemeshow pvalue
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Figure7.3 Receiver operating characteristics (ROC) curve showing performance of original sample

and bootstrap sample for undiagnosed diabetes
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Finally, the performance of the model was also assessed using discrimination measures
presented inTable 7.10and Figue 7.4 A calibration measurethe Hosmef_emeshow (HL) test
was used to compare between observed and predicted probabilities, and to assess the model as
fitting or calibrating wellForthis analysis, the datare usually divided into 10 equal groupshi§
allows formulation of a null hypothesis thahere are no significandifferences between observed
and predicted valueg.hus thenull hypothesis (HOjs that theobserved values are closely matched
with the expected valuesThe complementarglternative hypothesis (H1)s that the observed
values are not matched with the expected valu&able 7.1(elow presents the results ofie HL
goodnessof-fit test which revea that the observed values match closely to the expectddes
and that the model fits the data well. Thevplue is greater than 0.05 thresholdeaning that | can
rejed the alternative hypothesisThe Hosmet.emeshow statistic is calculated using the following

formula:

08§ 6 'Qb Q&R0 B (75)

Table7.10 Observed and predicted T2Ddfatususingthe test score as a predictive variabiethe groups defined

by HosmeiLemeshow GoodnesH-fit test

Group/ | Likelihood/ probability Present (undiagnosed) Absent (normal) Totd
quantile | of beindg undiagnosed Observed (1) | Expected (1) | Observed (0)| Expected (0)
iabetes

1 < 0.0507 21 18.5 412 414.5 433
2 0.0507- 0.0579 18 23.3 400 394.7 418
3 0.0579-0.0722 26 21.0 282 287.0 308
4 0.0722-0.0742 27 28.7 363 361.3 390
5 0.0742-0.0822 27 29.1 337 334.9 364
6 0.0822-0.1027 31 38.5 367 359.5 398
7 0.1027-0.1128 49 47.2 386 387.8 435
8 0.1128-0.1426 47 40.6 258 264.4 305
9 0.1426-0.1869 62 62.4 312 311.6 374
10 > 0.3336 91 89.6 287 288.4 378

Results H-L Statistic = 6.06 Degree ofreedom = 8 Significance (Ralue) = 0.6401
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Observed versus Predicted
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Figure7.4 Calibration of the test score: observed and expected of undiagnosed T2DM

7.4.2 Prediction model of undiagnosed diabetes and pdéabetes

The composite praliabetes and undiagnosed diabetes outcome showed a similar relationship with
socieeconomic demographic factors and regidn that discussed in the previous section for
undiagnosed diabetes aloneTable 7.11A significant exception wathe observation that gender
was now a significant risk factor, with a higher proportiorsatidi maleslisplaying the composite

phenotype (36.7%) compared to females (31.7%).
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Variables Categories Total Undiagnose® Normal p
N (%) 3,803 1,291 (33.9) 2,512 (66.1)
Sex Female 2,060 652 (31.7) 1,408 (68.3) 0.001
Male 1,743 639 (36.7) 1,104(63.3)
Age 15¢24 885 213 (24.1) 672 (75.9) <0.001
25034 997 257 (25.8) 740 (74.2)
35¢44 892 326 (36.6) 566 (63.4)
45654 540 237 (43.8) 303 (56.1)
55¢64 229 127 (55.5) 102 (44.5)
65+ 260 131 (50.4) 129 (49.6)
Education level Low education 777 338 (43.5) 439 (56.5) <0.001
Middle education 1,028 340 (33.1) 688 (66.9)
High education 1,995 613 (30.7) 1,382 (69.3)
Employment status Government employee 1,204 422 (35.1) 782 (64.9) <0.001
Nongovernment employee 148 53 (35.8) 95 (64.2)
Unemployed 434 141 (32.5) 293 (67.5)
Retired 204 117 (57.4) 87 (42.6)
Homework 981 336 (34.3) 645 (65.7)
Selfemployed 113 49 (43.4) 64 (56.6)
Student 704 167 (23.7) 537 (76.3)
Monthly Household income  Lowest/ poorest 1,545 520 (33.7) 1,025 (66.3) 0.118
Low / poor 612 191 (31.2) 421 (68.8)
Middle 510 167 (32.8) 343 (67.2)
High / rich 242 97 (40.1) 145 (59.9)
Highest / richest 188 70 (37.2) 118 (62.8)
Marital status Currently married 2,449 899 (36.7) 1,550 (63.3) <0.001
Never married 1,076 276 (25.7) 800 (74.3)
Divorced, Separated, and widowed 265 112 (42.3) 153 (57.7)
Routine checkup No 2,573 833 (32.4) 1,740 (67.6) 0.020
Yes 984 359 (36.5) 625(63.5)

% Undiagnosed diabetes and prediabetes
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Development of the prediction model

1 Comparison between various prediction models

Before constructing the final prediction model, | compared a range of prediction models based on
BIC, AIC selection measures, the area under the d@\E), sensitivity, specificity, and Hosmer
Lemeshow pralues to choose the best prediction model for identifying undiagnosed T2DM -or pre
diabetic caseslable 7.12andFigure 75 shows the results of this analysis for six prediction models.
Although all & modelsare wellfitted based on thdHosmerLemeshow pralue, three of the models
displayed lower sensitivity valuggl¢del 3:0.56,Model 4:0.59, andVodel 5:0.51). The remaining

three models had higher sensitivity values and lower AIC values than thdiction models. The

BIC value was lowest in models 2, 3 and 4. Overall, Model 2 performed best in this comparison as
it displayed the highest Hosm&emeshow pralue and lowest BIC valu@s a result, | selected

Model 2as the basis for developmenf the second prediction model.
1 Constructing prediction model

The following table presents the final prediction mottithe compositeundiagnosed T2DM/pre
diabetesoutcome (Table 7.13. The main outcome is presence of undiagnosed T2DM or pre
diabetes: (Ye = undiagnosed T2Dm prediabetes, Na= Normal). The predictor variablase age

(six categories), BMI (three categories), region (five categories), gender (two categories) and
hypertension (two categories). The risk of an individual experiencing ant elegends on

combining the risk factors attributed to the five predictoiiie logistic regression modalsed is:

0 6 EREQE BQE £00 QO QE &1 @NO O Q 6-+4 (7.6)

OMIMNGOO ALV VET W OQI OOADVQ f 1 QQQEE 600 T YO

i "0°Y0

In addition, 1 D"QQ 71 i QQQ¢EE 0600 71 YQo T "O"Y0( are estimated in

order to calculate the risk score feach patient as follows: For example, the risk score for female
F'yYyR YIFtS LI (A Sy (39 whoBdl Righplpod prassufe and sived inkVestern

region would then be calculated as:

Female patient:

Puitng PELVWPE TTTT MTY T 0O WY PYPUL P§ WU TBIU L
The predicted risk of female patient would be: ol g poy mmu @y b

" om8tu v
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Male patient:
dmc.- P LWPE TTTMR T XTWTY T 0@ TP WP (BT WX PX WL TW T ¢

The predicted risk of male patient would b(-.\mf;,T”:c T® X T @TT LR Wb

Age was significantly associated with undiagnosed T2DMifaeetes. Individuals aged 3544

had a higher likelihood of being affected than individuals agegi26(OR: 1.54; 95%CI: 1.24, 1.91).
Interestingly, gender was a good demographic jcent of undiagnosed T2DM/prdiabetesas
patients were more likely to be affected if they were male (OR: 1.68, 95%CI: 1.13, 1.49). Body mass
index was also an important predictor of affected status, with high BMI individuals at significantly
higher risk OR: 1.68, 95%CI: 1.39, 1.49). Region was another significant predictor of undiagnosed
T2DM/prediabetes. Individuals living in the Western region were less likely to be affected than
those living in the Central region. Finally, hypertension significamthgased the risk of affected

status.
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Table7.12 Summary statistics for different prediction models based on model selection and performance measures

Model predictors Observations BIC AIC AUC Sensitivity ~ Specificity  Cutpoint Youden index HLp
1 Age + Sex +Region +BMI+ HTN 3,803 4739.63 4652.22 0.6519 0.64 0.59 -0.701 0.230 0.2487
2 Age + Sex +Region +BMI 3,803 4736.34 4655.17 0.6511 0.65 0.58 -0.708 0.225 0.7907
3 Age + Sex +Region 3,803 4752.64 4683.96 0.6378 0.56 0.65 -0.640 0.216 0.4530
4 Age + Sex +BMI 3,803 4733.60 4677.41 0.6412 0.59 0.62 -0.672 0.204 0.8923
5 Age + Region +BMI 3,803 4741.59 4666.68 0.6474 0.51 0.71 -0.526 0.216 0.7301
6 Age + Sex +BMI+ HTN 3,803 4736.39 4673.96 0.6426 0.64 0.57 -0.772 0.211 0.5451

o

(=) a

—

0

N~ |

o

o

0 A

o

Ln

N A

o

o

Q —

o T T T T T

0.00 0.25 0.50 0.75 1.00
1-Specificity

210

Figure7.5 Receivetoperating characteristic curves for various prediction models in the presented study



Chapter 7

Table7.13 Risk factors and final development prediction model of undiagnosed T&ia\prediabetes

Risk factor Categories Odds Ratio [95% CI] i P-value Score

Intercept -1.359

Age 15-24 1 reference 0

25¢ 34 0.96 [0.78, 1.20] -0.038 0.731 -1

35¢44 1.51[1.22,1.88] 0.413 0.000 4

45¢ 54 1.94[1.52, 2.47] 0.662 0.000 7

55¢ 64 3.14[2.28, 4.32] 1.144 0.000 12

65+ 2.64 [1.94, 3.58] 0.970 0.000 11

Sex Female 1 reference - 0

Male 1.28[1.11, 1.48] 0.247 0.001 3

BMI Underweight or normal 1 reference -- 0

Overweight 1.51[1.25, 1.81] 0.409 0.000 4

Obese 1.66 [1.38, 2.00] 0.508 0.000 5

Region Central region 1 reference - 0

Eastern region 0.54 [0.35, 0.82] -0.621 0.004 -6

Western region 0.65[0.53, 0.79] -0.436 0.000 -4

Northern region 0.79 [0.63, 0.98] -0.239 0.032 -3

Southernregion 1.01[0.84, 1.20] -0.007 0.938 -1

Hypertension No 1 reference - 0

Yes 1.22[1.02, 1.45] 0.198 0.026

Two possible predicted results are analysed in the confusion matrix preserifedbli|a 7.14 similar

to that presented for the first prediction model in the previous section. The classification table was
constructed using 3,803 individuals who were screknsing the second precision model. Out of
the 3,803 individuals, the test predicted 1,850 cases of undiagnosed T2DMAdetes and 1,953
unaffected individuals. The clinical data shows that in fact 1,291 individuals in the sample have
T2DM; the remainig 2,512 individuals do not have diabetes. The percentage of individuals with a
positive screening test that truly have undiagnosed T2DMiiedetes ranged from 42.3946.8%.

The percentage of individuals with a negative screening test that are trulyeated ranged from

83.0%- 85.6%. The positive and negative likelihood ratios measured the prediction model

performance. The accuracy of the prediction model is 0.607 (given by (TP+TN)/total
(824+1,486)/3,808 while the misclassification rateis 0.3 (given by FP+FN)/total
(467+1,026)/3,808
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Table7.14 Confusion matrix of undiagnosed pi DM

True Disease Status (Gold standard = HbA1c)
Abnormal Normal Total
Test results Positive (+ve) TP =824 FP =1,026 1,850
(Predicted test) | Nogative (ve) FN = 467 TN = 1,486 1,953
Total 1,291 2,512 3,803

Abnormal:Undiagnosed (HbAL&5.7%); Normal: (HbAlc < 5.7%); Positive:-point x- 0.701; Negative: cupoint <-0.701
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Figure7.6 Receiver operating characteristics (ROC) curve showing performance of original sample

and bootstrap sample for undiagnosed diabetes and prediabetes

Performance measures of the prediction model

The summary statistics for the undiagnosed T2DM{ghigbetes prediction model are presented in
Table 7.15 The Saudi diabetes risk score model was constructed based on the coefficients in the
final model. This risk model gave an AUC value.@ (95%CI: 0.63, 0.67and the optimal cut

point for undiagnosed diabetes using Youden index w225, and optimalempirical cutpoint x-

0.701 ¢0.3316). With this cutoff point, participants were categorised as at high risk of
undiagnosedT2DM/prediabetes with sensitivity: 0.64, specificity: 0.59, a RPW.6416and an

NPVof 0.6202 Table 7.15%hows the performance of the risk score tool for detecting and identifying

undiagnosed T2DM/prdiabetes cases at variouslues for thecut-off point.

212



Chapter 7

1 Validation of the prediction model

| internally validated the development model using a bootstrapping approach and asshes
variability in model estimates as describénl the previous model. The performance tife
validation model is very similar to the ddepment model with a minimal increase in the AUC value
to 0.67. Overall, the performance of bootstrap sample is very similar to the original sasipia

range ofperformance measures.

Table7.15 Summary statistics for different prediction models based on model selection and performance mea:

Models observation AUC | Sensitivity | Specificity | Optimal cutpoint Youden index HL-c HL-p
Original sample 3,803 0.6519 0.64 0.59 -0.701 0.225 0.2487 10.24
Bootstrapping sample 3,803 0.6519 0.64 0.59 -0.701 0.225 0.2487 10.24

The Hosmet.emeshow(HL) test was used as a calibration measure to assess the model by
comparing between observed and predicted probabilitidse Hosmet.emeshow test showed that

the model fitted well p-value = 0.248Y. Table 7.16and Figure 7.6shows the results ofhe HL
goodnessof-fit test. The observed values are a close match to the expected values, which means
that the model is fitting well. The-palue is greater thathe 0.05 threshold, meaning thdtcan

reject the alternative hypothesithat the observed values do not match the expected values.
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Table7.16 Observed and predictedccurrence oprediabetes usinghe test score as a predictive variabitethe

groups defined byhe HosmerLemeshow Goodness-fit test

Group/ |Likelihood/ probability of Present (undiagnosed) Absent (hormal) Total

quantile bein%;%otlai{ae%nosed Observed (1) | Expected (1) | Observed (0)| Expected (0)
1 <0.1993 85 71.5 328 341.5 413
2 0.1993-0.2266 68 72.1 280 275.9 348
3 0.2266¢ 0.2609 83 96 311 297.9 394
4 0.2609-0.2911 125 120.1 305 309.9 430
5 0.2911-0.3263 96 101.3 233 227.7 329
6 0.3263-0.3688 148 145 272 275 420
7 0.3688-0.3938 129 131.6 213 210.4 342
8 0.3938- 0.4522 175 166.4 216 224.6 391
9 0.4522-0.5072 159 172.6 203 1894 362
10 >0.6779 223 214.3 151 159.7 374

Results H-L Statistic = 10.24 Degree of freedom = 8 SignificancéP-value) = 0.2487

Frequences/ number of cases

N
a
o

N
o
o

150
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o

a1
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Observed versus expected values
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Quantiles of estimated probabilties/ risk categories

Observed values m Expected values

Figure7.7 Calibration of the test score: observed and expected of undiagnosed prediabetes
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7.5 Discussion and conclusion

In thischapter, | carried out an analysis to suppatévelopgnent oftwo risk score models to identify
individuals who are likely to have undiagnosed diabef(e®del one) or a composite of
undiagnosed diabetewith prediabetes(modeltwo). The purpose ofhe study was todevelop a
specifically Saudi prediction model that included consideration ofeducation level and
socioeconomictatus along withdemographic, lifestyle, and health care access facteofowing

up the previous analysis, two past binary logistic regression models (for undiagnosed T2DM and
undiagnosed diabetes and priabetes) were used to develdbpe prediction models. In each case,

a variety of selection procedures were applied to itiigrthe best predictors and to optimise the
model. The ability of the prediction models to classify and identify high risk individuals with
undiagnosed T2DM angrediabeteswere formally assessed using a range of performance
measures. The prediction modelvere also internally validated using a bootstrapping approach.
The analysis allowed the production of a risk score model for T2DM that adds to the diagnostic

criteria currently available in Saudi Arabia.

Overall, based on descriptive results, the evidemudicated that the likelihood of undiagnosed
T2DM is higher for loveducated individuals. Males aged 8% who were obese and had no formal
education had the highest risk of T2DM. However, an important consideration is that imales
middle incomegroup who undergo routine health checks are more likely to be diagnosed with
T2DM. Undiagnosed T2DM was positively associated witkethweated individuals (those who
cannot read or write and have no formal education), consistent with past stidiedella et al.,
1998, Costanian et al., 2014, Robbins et al., 2005, Wilder et al., 2005, Bener et al.,The8e)
observations are explained by the fact that betesiucated individuals are more likely to be aware
of diabetes symptoms and its complications. The diseaseilis likely to be detected early in these
individuals, as they tend to adopt a healthldestyle, be awaref diabetes, itssymptoms and its
complicationsandto attend at health-care centresegularly(Clark and Utz, 2014). As a result, this
group is more likely to have diagnosed T2DM, irrespective of the underlying prevalence of the

disease.
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Regarding employment status, unemployed, retired and homeworker groups were more likely to
have undiagnose@i2DMthanemployed individuals. This association was particularly marked in the
retired group. The excess of undiagnosed T2DM in these groups probably reflects their more limited
access to healthcare services compared to employed individRalsi et al., 2006 However, after
applingselection procedwrsand comparigdifferent prediction models, this study indicates that
none ofthe socioeconomic factorshowed significanassociéion with undiagnosed diabetes and
pre-diabetes. This finding is consistent wdtprevious study in the UAE that indicated education

leveland income were not associaté8ulaiman et al., 2018)

In terms of risk predictors, the findings indicate that the significant risk factors for undiagnosed
T2DM areage (older age group)besty (BMI greatethan or equal 30), and administrative region.
These results are in line with most previous studies, whinveprovided evidence that age, and

body mass index were important risk predictors for T2[Rige et al., 1997, Baan et al., 1999,

Tabaei and Herman, 2002, Glimer et al., 2004, Mohan et al., 2005, Ramachandran et al., 2005, Bang

etal., 2009, Ko et al., 2010, Gray et al., 20IB¢ model developed in this sty demonstrates that
administrative region is the primary community socioeconomic risk predictor for both undiagnosed
T2DM and praliabetes.This reflects the greater prevalence of these outcomes among individuals
who lived in the Southern and Northern tiegs, particularly the higher frequency of undiagnosed
T2DM in obese individuals living in the Southern rediomaddition, the findings also indicate that
the combination ofrisk factorggiving the highest risk aindiagnosed diabetes and prediabetes are
seen in older malewho areobeseand hypertensive. Téseresults are consistent with previous
studiesindicating that age, hypertension, gender, body mass index, and region were important
factors(Xin et al., 2010, Heikes et al., 2008b, Gray et al., 2010, Handlos et al., 2013)

As the case&vasin the previous model, administrative region emerged as a significant risk predictor
in the model for undiagnosed diabetes and pd@betes. This is a surprising finding, that is to my
1y26f SRAIS (GKS FANRG addzRe Ay GKS NBIA2y (2
residence as a predictor for T2DM. Using this approach to alloesteirces to the highisk regions
could contribute to reducing the high prevalence of diabetes. At an individual level, the predictor
could be included in a compound measure to identify individuals witkdpbetes or undiagnosed
T2DM. This would contrilbe to the early diagnosis and the better management of the disease and
reduction of complications. In addition to better outcomes for patients, the measure could have
significant economic benefit as a previous Saudi health economic study has reveal@dasigni
differences in health care costs between diagnosed diabetics ($3,686) andiatwatic ($380)
individuals (Alhowaish, 2013).
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The apparent association of undiagnosed T2DM with administrative region might reflect previous
studies in Saudi Arabia intlidi Ay 3 NB3IA2y Lt @GFNARFGAZ2Y Ay 2054,
However variation in healthcare access and individual socioeconomic status might also contribute
to the effect as a recent analysis showed that socioeconomic level varied betweenga®wn

Saudi ArabigAlOmar et al., 2018)As discussed ithe previous chapter, the increased risk of
undiagnosed T2DM in leeducated individualsii Saudi Arabia capartly be explained by the fact

that they tend to be older and they are less likely to be aware of the disease irrespective of gender.
Note that the underlying risk of T2DM is higher in males, and that BMI is an important risk predictor

in Saudi Arabia and across the GCC region.

Together with age, monthly household income and access to regular health careugigdkese
represent the key predictors in the diagnosed T2DM risk score m@iahetes in other high
income countriess associted with individual/micro socioeconomic statdsowever, diabetes in
Saudi Arabia appears more associated with macro/community socioeconomic Hégkl.body
mass index is an important risk predictor in most past studies and in the GCCinetlidimgSaudi
Arabia. However, thenost significant risk predictors were age, monthly household income, and
health care checkip for diagnosed risk score model. Therefore, it is clear that age is an important

predictor.

Regarding model performance, the scores igpd moderate sensitivity and specificity that are
sufficient to identify individuals at highisk of presenting with undiagnosed T2DM.comparison
to other countries in the GCC region (Oman, Kuwait, UAE), the findingy afodel are quite
consistentwith regard to model performance. However, there are some differencatarrisk
predictorsfor undiagnosed T2DMJnlike studies imther GCC regionshis study did not find sex
and hypertension assefulrisk predictosfor undiagnosed T2DM. However, gsetwofactorswere
significant predictors ofhe compositeundiagnosed T2DM/preiabetes outcome Furthermore,
my risk modeldid not include waist circumference and family history of diabetes, as thes
insufficientinformation in the dataset. Howevemy modelprovides theinsightthat administrative
regionis an importantisk predictor.In terms of the sensitivitgnd specificitz ¥ G KS Y2 RS ¢
to identify individuals withundiagnosed diabetépre-diabetes the scores are only moderate
Overdl, the model performance is lower than that seen in tM&NA prediction modelMhile it
shoul be noted thatage and BMI weréhe only predictors that my model and tHdENA model

have in common
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In terms of performance, the Omani stu@dt+Lawati and Tuomileht®007)had a higher AUC value
(0.76- 0.83) thanmy model, with higher sensitivity ( 0.63, 0.79) and lower specificity (0.73, 0.78).
The Kuwaiti modelAl Khalaf et al., 2010Iigave a higher AUC value (0.82), higher sensitivity (0.87)
and lower specificity (0.64howeverthis study was not validatedy using another dataset. The
UAErisk score mode(Sulaiman et al., 2018)sed similar diagnostic criteria tmy model, but
included different risk factors. The modest performance a$ thodel canlikely be atributed to
heterogeneity in factors such as the diagnosis criteria,difidrences in theunderlying prevalence

of T2DM between the geographical location where the prediction model was developed and

subsequently tested.

Key differences between thpublished studies and my model are that the current study did not
find gender and hypertension as predictive for diagnosed T2DM, although they were useful
predictors of undiagnosed T2DM and giimbetes. Furthermore, | excluded consideration of waist
circunference and family history of diabetes, as there was not enough information in the current
dataset. The current model uses gender as a risk predictor for undiagnosed T2DM. This is similar to
other studies in the UKGray et al., 2010, Griffin et al., 200Burope(Glimer et al., 2004, Baan et

al., 1999)and the USABang et al., 2009, Heikes et al., 2008&)e major new insight from the
current study has been the identification of administrative region as an important risk predictor.
The low performance ahy model compared with other GCC region countries as Oman, UAE and
Kuwait can beattributed to heterayeneity in different factors (the diagnosis criteria, and the
prevalence of T2DM), between the geographical location where the prediction medsl

developed and tested.

Although age and body mass index were identified as significant risk predictorvioysrstudies,
adding them to my model did not improvke prediction. Similarly, | did not include socioeconomic
factors such as education level, employment status and monthly household income because they
were not significant predictors of diabetes aftarodel comparisons based on BIC, AIC selection

measures, AUC, sensitivity, specificity #meHosmerLemeshow pralue.

To concludethe purpose of the current study was to develop a holistic prediatimael for both
undiagnosed T2DM and piiiabetes.Thestudy was successful achieving this aim, andentified

age, body mass index, and region as the most significant predictors for detecting undiagnosed
T2DM. The most important predictors of the composite outcome of undiagnosed T2DM/pre
diabetes are agedhody mass index, region, gender, and hypertension. The most obvious finding to
emerge from this analysis is therefore that body mass index and administrative region are

particularlymeaningful factors in Saudi population.
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8.1 Introduction

Diabetesmellitusis one of the most seriouspublic health issuesin the 21 century (Shawet al.,
2010,Whiting et al., 2011) TheWHOreported that diabetesmellitus is the third highestrisk for
earlymortality after tobaccouseandhypertension(WHQ 2009) anda contributorto 14.5%of all-
causemortality in those agedlessthan 60 yearsold. It hasbeenedimated that in 2015,5 million
people aged 20 ¢ 74 yearsdied from diabetesrelated causes,accountingfor 12.8%of global
mortality in that year (Ogurtsovaet al., 2017) The samestudy revealedthat the proportion of
diabetesrelated death in adults under 60 yearswas 29.6%and 72.7%in high and low-income
countries respectivelylnadditionto earlymortality, diabetescomplicationgeducelife qualityand

contributeto disability.

Controlleddiabetesis characterisedby a normalisationof blood glucoselevels.A recent
recommendationby the AmericanDiabetesAssociationADA)defined poorly controlled diabetes
aseither havingan HbAldevelmorethanor equalto 7%or fastingblood glucosgFPG)evelmore
than 7.2 mmol/l for patients,excludingpregnantwomen (Association2016) Successfutontrol of
diabetesis stronglyassociatedvith a reducedrisk of complicationsand mortality amongpatients
(Group, 1998) Better diabetes management can therefore delay the onset of diabetes
complications Greenfieldet al. (2009)found that patientswith an HbAlcvaluelessthan or equal
6.5%had a lower 5-year lower likelihood of developingcardiovaculardisease.Theyalsofound
evidencethat achievingower HbAldevelin older patientsreducedthe incidenceof comorbidities

suchaseyeandfoot problems heartattack,andstroke.
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Inastudycarriedout in Oman Al Balushgt al. (2014)showedthat patientswith controlled
diabeteswere lesslikelyto havehigh diastolicblood pressurecoupledwith elevatedlevelsof total
cholesteroland low-densitylipoprotein. Giventhis overwhelmingevidencefor the importanceof
diabetescontrol, in this chapter | examinethe factors associatedwith blood sugarcontrol as
measuredby HbAlclevels.l focuson patientswith a pre-existingdiagnosisof T2DMdiabetesas

shownin Figure8.1.

(n=12,000) all adults aged 15 years or above

I >
-
Participants completed household interview
questionnaire (n= 10,821}
|

n=1,179 participants excluded ‘

n=6,360 participants excluded ‘

¥

Participants who had HBalc test (n= 4,461
‘ P { * ) n=47 participants excluded
| -
+ " | Those who had negative HBalc test
o B R B and answered to survey question:
Participants inclusion in the study (n= 4,343)
A - Don't know n=43
- Decline to respond n=3
H - missing n=1
Diabet =937 | | Mo diabet =3,406 |
| iabetes {n ! o disbetes [n—3, ) n= 71 participants who answered
type | diabetes
f }
| Participants previously known {n=538} | ‘ Participants previously unknown {n=398} ‘
f |
| Controlled [n=237) | | Uncontrolled (n=301]) |

Figure81Cf 24 OKF NI F2NJ LI NGAOALI yiaQ AycC

Severabtudieshaveconsideredsociceconomiaiskfactorsfor uncontrolleddiabetes Asreviewed
in Chapter2, the most commonfactorsinfluencingcontrol of diabetesare age,gender,livingin a
deprivationarea,socioeconomicstatus,diabetesduration,family history,weight,diabetesrelated
knowledge,medicationuse, diet and use of insulin. To improve our understandng of why some
diagnosedpatientshavepoor control, we needto studythe riskfactorsat both the individual and
regionallevel(Stringhiniet al.,2012,Grintsovaet al.,2014,Clarkand Utz,2014) Selfmanagement
of diseaseis a good exampleof an individual level factor with significantimpact on control of
diabetes.In terms of regionalfactors, administrativeregion and urbanisationlevel are strongly
associatedwith diversityin healthcareaccessquality of healthcarefacilities includingaccesgo
specialisttare accessibilityo healthyfood, andthe availabilityof public placesand sport facilities

for physicalactivity.
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Theseenvironmentalfactorsprobablycontribute to variationin the managementind consequent
controlof diabetesin SaudiArabia It followsthat gaininga better understandingof the relationship
between educationlevel and control of diabetesby consideringindividual and regional factors
could make an important contribution to reducing the unacceptably high prevaknce of

uncontrolleddiabetes.

Additional risk factors for uncontrolled diabetes| will considerin this section are an
individual'sknowledgeof diabetes how longthey havehadthe condition, the type of healthcare
facility providing care, diet, physicalactivity and medicationwith particularreferenceto insulin
usage.For example,it has been reported that poor control of diabetesis linked to a lack of
knowledgeamongpatientsabout T2DMandits managemeni{Fritschiet al.,2017) coupledwith a
reluctanceto changelifestyle and behaviours(Matthews et al., 2009) A Jordanianstudy by Al-
Khawaldehet al. (2012)providedevidencethat diabetespatients with poorly controlled disease

were more likelyto lackknowledge regardingthe conditionandthe importanceof insulin.

Thus, diabetes knowledgeis one of the main individual level factors associatedwith
controlled diabetes.In this contextknowledgerefersto an understandingof not only the disease
and its complicdions, but also how best to managediabetesthrough dieting, physicalactivity,
adherenceto medicationand regularblood sugarlevel checks.Lackof suchknowledgeleadsto
uncontrolled diabetes through lack of medication complianceand a failure to monitor blood
glucoseadequately(AFQazazt al., 2011,BarbaraandKrass2013,0nget al., 2014,Alramadaret
al.,2018,Fallatah2018)

A Chinesestudy observedthat self-efficacy- the confidencethat anindividualhasin their
ability to carryout atask- indirectlyinfluencedseltcarebehaviourssuchastakingmedication(Gao
et al.,2013) In additionto takingmedicationand regularmonitoring of blood glucose followinga
healthydiet is anotherimportant aspectrelatedto control of diabetes.An experimentalstudy by
Redmondet al. (2007) observedthat nutrition intervention coupled with educationabout the
importanceof HbAldevelwaseffectiveandreducedHbAlcvalues.Tayyemet al. (2013)reported
that selfefficacywassignificantlyassociatedvith better glycaemiacontrol amongT2DMpatients

followinganinterventionbasedon diet and caloriecountingto control carbohydrateconsumption.
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Duration of diabetesis another potential factor related to control of diabetes.Previous
studieshaveclaimedthat a shorterduration of T2DMwasassociatedvith better glycaemiaontrol
(Bietal.,2010,Leeet al., 2016,Khattabet al.,2010,Costaniaret al.,2014,Alramadaret al., 2018,
50Q/{ 2edzl.} 2015, Alzaheband Altemani, 2018) However,AlLawatiet al. (2012)found the
oppositein that patients with long duration of T2DM 6 ¥ years)had better glycaemiccontrol
comparedto patients with short duration. Other studiesfailed to find a significantassociation
betweendiabetesdurationandglycaemicontrol (Abdelmoneimand AlHomrany,2002,Al Balushi
et al., 2014, Al-Kaabiet al., 2009) Thus,the evidenceis inconclusiveand any suchassociations

probablyheavilycontext dependent.

Qualityof healthcareprovisionisanimportant factorthat couldaccountfor the association
between socioeconomicfactors and diabetescontrol and mortality (Espeltet al., 2011) Some
studieshaveidentified an associatiorbetween healthcarefacility type and glycaemiccontrol. A-
Baghliet al. (2010) found that Saudipatients who visited private health facilities had better
glycaemiacontrol comparedto thosewho visited MOHor multiple health carefacilities.In a UAE
study, patientswho werefollowed up in primary healthcarecentreshadahigherlikelihoodof poor
glycaemiaontrol comparedto thosewho werefollowed up in hospitals(Malik et al., 1999) These
findingssupportedmy contentionin Chapter3 that provisionfor T2DMcarein public healthcare

servicess generallypoor acrosghe GCGegion.

To gain a more detailed understandingof how these factors combine to influence
managementof T2DM, we need to understand how managementpatterns for T2DM differ
betweenregions,and how theyinfluenceoutcomes.Bydiabetesmanagemenpattern, | meanthe
combinationof medication(oraldrugtreatmentandinsulin)andbehaviouramodification(dietand
physicabctivity)approachesAccordinglyin this chapterl choseto focuson diabetesmanagement
patterns basedon diet, medication,and insulin. | also investigatedprescribeddiet and physical
activity to identify predictorsof whether changesn lifestyle behaviourare likely to be successful,

and how suchpredictorsare relatedto anindividual'ssociceconomiccharacteristics.

We alreadyknow basedon numerousstudiesthat the majority of the Saudipopulationare
physicallyinactiveandfollow a poor diet (Majeedet al.,2014) Inthis chapter,| test the hypothesis
that patientswith diagnosediabetesare more likelyto modify their lifestyleand adoptbeneficial
behaviours Ratherthan simplyexaminewhether behaviouralfactorsvary between patientswith
controlled and uncontrolleddiabetes,| haveadopted an approachbasedon identifyingthe main
risk factors influencing lifestyle choices and behavioural characteristicsamong diabetics. |
hypothesisedhat there isrelationshipbetweenthe behaviourghat are keyto T2DMmanagement

andthe socioecormmicfactorsthat are the mainfocusof this thesis.
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Somestudieshave studied the interaction between lifestyle modifications(i.e. diet and
physicakctivity) and medication(i.e both oral andinsulinuse). Patientswho are prescribednsulin
and anti-diabetesdrugs may have poor glycaemiccontrol (Khattabet al., 2010, howeverthis is
confoundedby the fact that the combination of insulin and oral medicationis an aggressive
approachmore likely to be appliedto refractory diseasg( Amarasekarat al., 2015) Nonetheless,
over two-thirds of the diabeticsin this study failed to follow dietary regimensdid not participate
in physicalactivity, did not checkup on their blood glucoseregularlyat home and exhibited low

compliancewith diabetestreatment (Khattabet al., 2010)

In relation to physicalactivity, two studiesfailed to find an associatiorbetween physical
activityand glycaemiaontrol (AFKaabiet al.,2008,Al-Kaabiet al.,2009) Converselyother studies
have highlighted the importance of both diet and physicalactivity in combination with oral
medicationandinsulintreatment for the effective control of diabetes Both Al-Nuaimet al. (1998)
and Al-Lawati et al. (2012) reported that patients who followed a dietary regimen had better
glycaemiaontrol than thosewho only usedoral medicationandinsulin.AFHayeket al. (2012)and
Alramadaret al. (2018)foundthat patientsin SaudiArabiawith HbA1c<7.0%hadlower medication
use than those with HbA1cx 7.0%. Thissuggestghat on its own, medicationis insufficient for
effective diabetes management and that a combination of medication and behavioural
modificationapproachess required. Alramadaret al. (2018)highlightedthe higherprevalenceof
poor glycaemiccontrol among physically inactive patients with limited intake of fruit and
vegetablesConverselya Bahrainistudyfound that patientswho followed a balanceddiet highin
fruit and vegetableshad a lower meanof HbAlclevelthan thosewith a poor diet (Shamskt al.,

2013)

Theprevalenceof poor control amongpatientswith T2DMin the GCQegionrangedfrom
54%- 65%in Oman(AlBalushiet al.,2014,5 Q { 2etlal., 2015) 86.5%to 88.8%in Bahrain(Fikree
et al.,2006,Nasser2007) 68%to 69%in the UAE(AlKaabiet al.,2009,AlKaabiet al.,2008) 55%
in Kuwait(Badawiet al.,2015)(HbAlc>9.0%);and 59%to 70.7%in SaudiArabia(HbALlok7.0%)
(AFHayeket al., 2012,Alsulaimaret al., 2016) Areviewby Alhyaset al. (2011)indicatedthat the
generally poor control of T2DM in the GCCregion reflected missing diabetes data, poor
standardisatiorof T2DMdiagnosticcriteria and a lack of diabetesmanagemenguidelineswithin
primaryhealthcarecentres.In this studyl arguethat socioceconomidactorsandplaceof residence
alsohavea majorimpacton anindividual'sdiabees control status.Asdiscussedn Chapter2, low
SESndividualsare lesslikely to selfmanageandadhereto medication/treatmentresultingin poor

glyaemiccontrol.
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Severalpreviousstudiesin SaudiArabiaand the wider GCQegionhaveinvestigatedthe
risk factors for poor glycaemiccontrol. Thesewere basedon examininglifestyle factors suchas
physicalactivity, dietary habits, and weight loss amongthose treated for T2DM. Few studies
however, have explored the impact of individual and regional sociceconomic level on the
relationship betweencontrol of diabetes lifestyle and selfcarefactors.Wherethey do exist,they
were insufficientto explorethe influenceof individualandregionalsociceconomicstatuson diet
and physicalactivity. To achievecontrol and managementgoals, all potential risk factors for
inadequate control of T2DM need to be consideredin establishingdiabetes management
guidelines.Gaininga better understandingof the relationshipbetween educationlevel, lifestyle
factors and regional variation in the control of diabetesis a necessaryfirst step to improving

managemenstrategiesto delaythe onsetof diabetes.

The SaudDiabetedNationalguidelinegecognisdhat diet and physicakctivity are the two
main lifestyle and behaviouralfactorsinfluencingcontrol of high blood sugarlevels.However,my
reviewin Chapter2 of diabetesandmanagemenguidelinesn different highrincomecountriessuch
as UK, Finland, Sweden,US, and GCCneighbouring countries revealed that region/place of
residenceis another important factor that should be consideredin the design of diabetes
managementtrategies In this chapter,| will extendthis observationby analysinghe prevalence
of uncontrolleddiabetesin relation to educationalleveland other risk factors.1 will then examine

the mostimportant lifestylefactorsinfluencingbehaviouramongdiabeticpatientsin SaudiArabia

In summary,the analysisaddresseghe following questions:

1. What are the factorindependently related to the control of diabetes in Saudi Arabia, with
specific focus on education levetidw do demography, administrative region, health care
access, selfare and othesociceconomicfactors relate to the control of diabetes?

2. Isthere amassociation between controlled diabetes and patterns of diabetes management?
If an association is present, how do these patterns vary between administrative regions?

3. What arethe key factorsin currentbehavioural management approachfes the diabetic
S dzZRA LR LIz | GA2Yy K 52 (i k&d&ondnicladorslard Qlacdayf (i

residence?
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Theoverallaim of this analysids to explorefactorsassociatedvith poor glyaemiccontrolin
patientswith diagnosedl2DMin SaudiArabiaandinvestigatethe statisticalassociatiorbetweena
patient@ educationlevel and the prevalenceof uncontrolled T2DM.The study considersa set of
healthcareaccessaind selfcarefactors(e.g.prescribeddiet, useof medication).Bycontributingto
a better understandingof the factors influencingthe control of diabetes,this analysiswill help

healthcareprovidersdevelopstrategiesto improvethe control of diabetesin the Saudpopulation.

Thischapteris divided into four main sections:Backgroundand rationale; methods; results;
discussiorand conclusionTherisk factorsfor uncontrolleddiabetes,aimsand researchquestions
are discussedn Section8.2. Section8.3 definesthe study variablesand explainsthe statistical
methodsthat | useto addresshe chaptel@ aims.Section8.4 describeghe resultsof the analysis
dividedinto three mainthemes;the associatiorbetweeneducationleveland controlleddiabetes;
the mostimportant factorsbehindthe diversity of lifestyle factors seenin diabetic patients; and
the impactof regionalvariationandhealthcareaccessThechapterconcludeswith adiscussiorand

summaryof conclusionsn Section8.5.

8.2 Methods

8.2.1 The association between education level and inadequate control of T2DM

Thetotal samplesizeavailablefor analysisn this chapterwas538individualshowever,l observed
that some individuals had some missingresponsesto relevant survey questions | therefore
restricted my sampleto subjectswith complete data to ensurethat the outcome of controlled
diabeteswasaccurate.Thiscarriedthe riskthat by excludingsubjectswith incompletedata | might
biasthe results.To evaluatethe impactthis had on the validity of this study,we needto consider
the role of biasand how it influencesa & (i dzRtatiSi&alprecision.Firstly,selectionbias results
from anychoicesmaderelatingto inclusionof participantsor factorsaffectingstudy participation,
wherethesegiveriseto arelationshipbetweenstudyoutcomeand exposurethat differs between
study participantsand those who were excludedor who were non-respondents(Tripepi et al.,
2010)

Moreover, selectionbias increases when study participarie not randomly selected from the
target populationas there is a significant chance tlia¢ study samplenight not berepresentative
(Hammer et al., 2009)The most important considerationin representative crossectioral
populationstudiesis high participation rateThereasonsfor non-resporse or refual to answera

question need tdoe considered when interpreting the resuttsavoid biased results
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Thisbiaswasmentionedin Chapters. Thisstudyusedhouseholdweightsto ensurethat the sample
wasrepresentativeof the populationandcould be usedto presentvalidresults.l thereforeapplied

householdweightsin the analysigo mitigate selectionbias.

To assess whether there is a difference between those who were included and excluded from this
analysis due to missing data on speaificiables, an analysis comparing the two groups on a range
of factors was undertaken. This is shown in Appe@and indicate thatparticipants who were
includedin the study differ infrom those who did not answer with respect to factors whinight
influence the control diabetes outcome such socioeconomic factfbngre was no significant
relationship between those who completed and did not complete survey questionson the
dimensionsof age, sex,or marital statusfactorsbasedon chisquaretest. Nonethelessthere was

atrend for excludedndividualswith missingdatato be olderthanincludedsubjects Femaleswere
alsomore likely to have missinginformation and there were disparitiessocioeconomidactors

includingwork status,education,income,andregion.

In particular,the sample did not cover all socioeconomic groepsially, howeverthe controlled
diabetes sample is not truly representative of the diabetc population. | used the outcome
"controlled diabetes"asthe dependentvariablein the analysis.Thishinary outcome variableis
definedas: Controlleddiabetes:individualswith an existingdiagnosisf diabetesand HbAldevel
lessthan 6.5%.Uncontroled diabetes:individualswith an existingdiagnosiof diabetesandHbA1c

levelmorethan 6.5%.

Furthermore,the issue ofconfoundingcan cause undeestimation of the observed association
between exposure and health outcome. For example, age and sex variables are confounding
variables that couldinfluence the strength/power of the relationship in adjusted models.
Confoundingrefers to mixing effects, whe a study ains to assess the relationship between
outcome and exposure by addiag additional factor or set of factort® this relationship(Skelly et

al., 2012) Confounding variables could hide the actual association, or incorregfiport the
relationship between the outcome and medicatieren no actual relationship between thers
present (Skelly et al., 2012)The influence of confounding variables could mékdifficult to
observe a true association between medication and outcamiess methodsire usedo mitigate

the effect. This issue could also be a primary reasonféiiing to achievestatisticallysignificant
results, and/or lead to inaccurate estimates (underestimate or overestimate) of the actual
NEfFGA2YAKALI 60Si6SSy (K $&SkalyletaR 2@ 2dzi 02YS I yR

227



Chapter 8

Therefore, statisticabnalysisneedsto take account of the possibility of bias introduced by
confounder effectsOneapproach is to calculatadjusted estimates for the association between
the exposure and outcom&hether can be found and remain after taking out the effects of
confounder. Overall, if the crude estimadiéfers from theadjusted estimate by 10% or more, the
factor should be considered as confounder and the adjusted estimested toreflect the effect of

the exposurgSkelly et al., 2012pne possible method to check the possibility of confounder effect
is to split the statistical test into suffroupscomprisingdifferent levelsof the confoundeHammer

et al., 2009)Most observational studies are evaluated by regression moBessible confounders

can be added to the models as explanatory risk factors. Tiouander effectis checked by
comparingdifferent models with and withouthe confounder(Hammer et al., 208). However, in

this chapter the usual confounders are age and gender. As | found that these variables are not
significantly associated with the main outcome of the study it is unlikely to be influenced by

confounding.

In additionto above anotherpotential issue in this study is the occurrencespfrvival bias This
occurswhen assesagthe influence of treatmenbn individuals asxposed subjectseedto survive

up to a fixed time point before theseceive treatmentor are diagnosedZhou et al., 2005)This
bias increases in observatidnstudies that use ongoint time from the beginningat which to
follow up patients. Hencehe analyses fail to consider or recognise survival time for subjects that
die or are lost before treatmentesulting biased estimate&hou et al., 2005)'he occurrence of
this bias can be recognised whanindividual® survivakffects classitationinto two comparison
groups. For example, individuals wiaere previously diagnosednd aretaking medicationare
more likely to surviveWe assume that the majority ahose who arecontrolling their diabetes
were takng medication.The results may not fully reflect the true relationship between outcome

and taking medication due crosgctional nature of the study design.

| usedthe outcome "controlled diabetes"asthe dependentvariablein the analysis.Thisbinary

outcome variableis definedas:

Controlleddiabetesindividualswith anexistingdiagnosi®f diabetesandHbAldevellessthan
6.5%

Uncontrolleddiabetes:individualswith an existingdiagnosisof diabetesand HbAlclevelless
than 6.5%

Toaddresghe first and secondresearchquestionsoutlined in section8.1, a bivariate
analysiswas initially appliedto test for associationbetween four main factors and explanatory

variablesusingthe Chisquaretest with thresholdfor significanceof 0.05. 1 then built modelsto
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explorethe associatiorbetweencontrolleddiabetesandeducationlevel beforeandafter adjusting
for demographicsocioeconomic health care accessand selfcare behaviourcharacteristicsThe
modelswere weightedby household,and oddsratios estimatedfor educationleveland other risk

factors.Thefollowingfigure andtable presentthe analyticalframeworkandfour logisticregression

modds.

Self-care behaviour factors

Regular monitoring of blood sugar

Adherence to diet, loss weight(BMI)
and physical activity

;

Healthcare access factors

Socioeconomic
factors Routine check-up

(employment Educational i Controlled Diabetes
status, and o level Distance between home and diabetes » complications
household healthcare facility

L

income) 4 .

{

Self-care factors

Use of medications, insulin

Demographic factors

(sex, age) and marital
status

C ity factors

(region)

Figure8.2 Analytical framework for the relationship between education level and inadequate

control of T2DM
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Table8.1 Theanalytical framework of controlled diabetes

Main Model adjustment Secondary predictors list based on SHIS database
predictor
Education|Model 1:Unadjusted Educational level only

level

Model 2: Demographic factors, | Age and sex, marital status, administrative region, working
Administrative region, an&ocioe |status and monthly household income.
economicfactors

Model 3: Seltcare behaviour | Test blood sugar at home, loss weigBMI), prescribed diet,
factors and physical activity.

Model 4:Health care access an|Routine checkup, visit for manage diabetesse of
selfcare factors medications, and insulin.

8.2.2 Medication and lifestyle patterns among diabetic patients

In the second analysis | addressedthe second researchquestion by analysingthe
relationshipbetween controlled diabetesand the combinationof medication,diet, and insulin. |
alsoexaminedhe differencebetweenadministrativeregionsin relationto demograplic andsocio
economicfactorsusingbivariateanalysisassessingignificanceausingthe Chisquaretest. Thefinal
analysisexaminedhow sociceconomicrisk factorsrelatedto the prescriptionof diet and physical
activity. Prescribedliet wastreated asa binary dependentvariable reflectingwhether a diabetic
patient had a prescribeddiet (yes or no). Consequently| used the binary logistic modelling
approachto explorethe associatiorbetweenprescribeddiet andsociceconomic demographicor
healthcareaccesdactors.A stepwiseselectionprocedurewasusedto identify the mostsignificant
factorsassociatedvith diet and physicalctivity, before carryingout regressiommodellingfocused
on the mostimportant indicators. To measureghysical activity | used thelnternational Physical
Activity questionnaire(Craig et al., 2003p categorse participants into four groups: (1) meet
vigorous physical activitgriteria; (2) meet moderte physical activitycriteria; (3) insufficient
physical activity to meet vigorous or moderate leyelsd (4) no physical activi{gee section 5.3.2

in Chapter 5)

Physicahctivity is an orderedvariablewith more than two categoriesthus, it requiresthe useof
the orderedlogit model (OLM- alsoknownasthe proportionaloddsmodel). Themainassumptions
of thisapproachare 1) that the dependentor outcomevariableis measuredat an ordinalleveland
that 2) there is no multi-collinearity(i.e. no two independentvariablesor predictorsare associated

with eachother).
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Thislatter assumptiorisfrequentlyviolated(Williams,2016) Theparalel linesor proportionalodds
assumptiorrequiresthat any pairedgroupingof outcomecategorygivessimilarresultsfor various
categoriesof covariate variables/predictorsf this assumptionis invalid for one of the model
predictors,the resultsfrom orderedlogit modelmaybe biasedandinaccurate In suchcasessome
researchersswitch the modelling approachto a multinomial logit model (MLM) or use the
generalisearderedlogit (GOL)/partiaproportionaloddsmodel. Theseapproachesio not consider
the order of categoriesand produce more parametersas a consequenceof not includingthe
proportional odds constraint. The generalisedordered logit model equation containstwo main
elements:the proportional odds model and the partial proportional odds model that allowsthe

coefficientsof the variableto varythe thresholdsof the responsevariable.

Thereare, however,anumberof issueswith the GOLmodel (Williams,2016) First,it worksbest
whenthere are few independentvariables A largenumberof predictorscanviolate the model;in
suchcaseshe MLM will be preferred. Secondlythe GOLmodel canresultin negativepredicted
probabilities. Thiscanoccurwhen N is smallin somecategoriesof responseor outcomevariable.
Finally,the proportionaloddsassumptioncanbe significant,evenin largesampe sizeswith small
violations.Thesefactorsoften leadto confusionoverthe bestmodelto use,evenafter assessing
the modelsusinginformation criteria suchas AlCor BICmeasureswhen addingcriteria. In the
currentstudy, the outcomedid not satisfythe OLMassumptios, sol choseto usethe multinomial

logisticregressiormodel

Multinomial logistic modelling usesan extensionof the binary logistic model to assesshe
associationbetween an unordered or nominal categoricaloutcome variable and independent
predictors.MLRallowsfor regressiorto transform probabilitiesinto log-oddsby the logit function
on the outcomevariableas discussedn Chapter4. It canbe usedto calculatethe probability of
eachcategoryfor the outcomevariable. Themultinomiallogisticmodel canbe written as(Agresti

andKateri,2011)
aéEQ | I op Q ¢ (8.2)
Where:0 € '@ Log odds of the outcome variablg;  the referencecategory.

| intercept (corstant);t control variable coeffient.
Linear probability model:
Roo T To E Ta 8.2)

The following transformation modéd used to find he link function:
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MM Q0w T E (8.3)
Where:piis the category of outcoméQr is the logit function of the outcome vaitble category.

\ E
d E

After fitting the final model,the predicted probabilities can be calculated by using the following

equation:
n 5 (84)
n 5 (8.5)

Where:'Q pheho; fy the predicted probability of baseline category.

MLR does not assumenormality or linearity, but any relationship between categoriesof
outcome variable are ignored. As describedabove, the physicalactivity variable used has four
categoriesHowever the first and secondcategories(highand moderate)were combineddue to
the low numbersof individualsin the high category,givingthree categoriesof outcome: (highor
moderate,low, andnone).Thefollowingtable showsthe explanatoryariabled usedto assesshe
relationshipbetweencontrolleddiabetes and educationlevelasthe mainpredictor. In the event, |
hadto reclassifymostof the independentvariablesin a similarway dueto the reductionin sample
size.Theanalysigpresentedhere usedthe explanatoryvariablesshownin Table8.2. All analygs
were carriedout usingSTATAoftwareversion14 (StataCorp.Inc, TX,USA)and Microsoft Office

Excel2013)to constructall figures.
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8.3 Results

8.3.1 The association between education level and controlled diabetes

Thepercentageof controlleddiabetesin variousgroupsdefinedby sociceconomic health
careaccessndselfcarefactorsare presentedin Table8.3. In the overallsample the percentage
of individualswith 'uncontrolleddiabetes‘washigherthan thosewith ‘controlled diabetes'(56.1%
vs43.9%respectively)More than half of individualscurrently takingmedicationhad uncontrolled
diabetes,indicatingthat they were still not managingtheir blood suga sufficiently. Thismight
indicate that their mediation was inadequateor reflect poor compliancewith therapy. Males
appearedmore likely to have controlled diabetes(46.0%vs 40.9%respectively)In addition, low-
educatedgroupsthat cannotreador write groupwere lesslikelyto havecontrolleddiabetesthan

highlyeducatedgroups(universitydegreeor above)(40.3%vs50.9%respectively).

However,educationlevel did not havea significantrelationshipwith controlled diabetes.
Similarly jndividualsdefinedas'currentlyworking'havea higherproportion of controlleddiabetes
than other working statusgroups('neverworked' or 'not currently working'). Basedon selfcare
behaviourfactors,individualswho were followinga prescribeddiet andwere physicallyactivewere
more likely to have controlled diabetes comparedwith other groups ('no prescribeddiet' or
‘physicalactivity low', physicalactivity none'). In terms of administrativeregion, Individualswho

livedin the Southernand Northernregionswere mostlikelyto have'uncontrolleddiabetes'.
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Table8.3 Characteristics of diabetes patients with controlled and uncontrolled diabetes

Variables Categories Total Uncontrolled Controlled p-value
N (%) 462 259 (56.1) 203 (43.9)

Demographic factors

Sex Female 259 110 (59.1) 76 (40.9) 0.274
Male 203 149 (54.0) 127 (46.0)

Age 20-39 38 19 (50.0) 19 (50.0) 0.541
40-59 212 116 (54.7) 96 (45.3)
60 + 212 124 (58.4) 88 (41.5)

Marital status Currently married 355 192 (54.1) 187 (45.9) 0.119
Not currently married 107 67 (62.6) 40 (37.4)

Socieeconomicfactors

Education level Low education 236 141 (59.8) 95(40.3) 0.175
Middle education 118 65 (55.1) 53 (44.9)
High education 108 53 (49.1) 55 (50.9)
Working status Never worked 112 64 (57.1) 48 (42.9) 0.147
Currently working 112 54 (48.2) 58 (51.8)
Not currently working 238 141 (59.2) 97(40.8)
Monthly Household income Lowest 214 119 (55.6) 95 (44.4) 0.751
Low 65 39 (60.0) 26 (40.0)
Middle 57 29 (50.9) 28 (49.1)
High 33 19 (57.6) 14 (42.4)
Highest 22 10 (45.5) 12 (54.5)
Missing 71 43 (60.6) 28 (39.4)
Regionlocation
Administrative Region Central 140 73 (52.1) 67 (47.9) 0.000
Eastern 24 13 (54.2) 11 (45.8)
Western 77 27 (35.1) 50 (64.9)
Northern 89 55 (61.8) 34 (38.2)
Southern 132 91 (69.0) 41 (31.0)
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Table 83 Characteristics of diabetes patients with controlled and uncontraflietbetes ¢ont.)

Variables Categories Total Uncontrolled  Controlled  p-value
N (%) 462 259 (56.1) 203 (43.9)
Health care access factors
Routine checkip Never 235 132 (56.2) 103(43.9 0.961
Yes 227 127 (56.0 100 (44.0)
Health care visit for manage diabetes in last Yes 403 227 (56.3) 176 (43.7) 0.763
month No 59 32 (54.2) 27 (45.8)
Seltcare factors
Have you ever takemedications fvo weeks) Yes 396 230 (58.1) 166(41.9) 0.032
No 66 29 (43.9) 37 (56.1)
Insulin Yes 184 107 (58.2) 77 (41.8) 0.461
No 278 152 (54.7) 126 (45.3)
Seltcare behavior factors
Test blood sugar at home Yes 259 139 (56.0) 109 44.0 0.995
No 203 120 (56.0) 94 (44.0)
Prescribed diet Yes 361 195 (54.0) 166 (46.0) 0.094
No 101 64 (63.4) 37 (36.6)
Physical activity High or moderate 40 20 (50.0) 20 (50.0) 0.696
Low 15 9 (60.0) 6 (40.0)
None 407 230 (56.5) 177 (43.5)
Body mass index (BMI) Under or normal weight 60 28 (46.7) 32 (53.3) 0.277
Overweight 161 91 (56.5) 70 (43.5)
Obese 241 140 (58.0) 101 (42.0)
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The odds ratios (ORs)and 95% confidenceinterval (Cl)from the weighted binary logit
regressionmodels of unadjustedand adjusted associationsbetween controlled diabetes and
educationlevel are shownin Table8.4. Thisanalysisshowsthat there is no as®ciation between
educationlevelandcontrolleddiabetes However,administrativeregion,prescribeddiet andtaking
medicationappearedassignificantpredictorsof controlleddiabetesacrossall the models.Diabetes
patientswho lived in Westernregionwere significantlymore likely to control their diabetesthan
those who lived in the Centralregion (OR:2.91, CI:1.45, 5.85). However,patients who lived in
Southernregionwere lesslikely to have controlled diabetesthan those who lived in the Central
region(OR:0.51CI:0.27,0.96).It appearsthat diabetespatientswho livedin easternor northern

regionsdo not significantlydiffer from thosewho livedin centralregion.

Regardingother sociceconomicfactors, neither working status nor monthly household
income were predictors of controlled diabetes.For selfcare lifestyle factors, prescribeddiet is
associatedvith control of diabetes,asdiabetespatientswho are not following a prescribeddiet
are lesslikely to have controlled diabetes(OR:0.32 CI: 0.16, 0.61). However, neither physical
activity nor BMI are significantpredictorsof controlled diabetes.In addition, after controllingthe
model for selfcare and healthcare accessfactors, patients who had never taken diabetes
medicationare significantlymore likely to have controlled diabetesthan those who are taking
medication(OR:2.35,Cl:1.13,4.86).However,insulinuse',a 'recenthealthcarevisit' and 'routine

checkup' were not associaté with control of diabetes.

As mentioned in methods section, the results of this study may not nationally representative due
to differences in socioeconomic factors between those who were included in the study and those
who were excluded. Howevethis study used household weights to ensure a representative

sample of the population that could be used to present valid results. Hence, this weight was also

applied in the analysis to mitigate the effect of selection bias.

In the results from the adjusted odels, although the odds appeared significant, the effect of
confounders may reduce the significance levels. | think that this possibility is unlikely for two
reasons. First, the effect persisted even if the analysis was divided by confounder subgrdaip leve
Secondly, both sex and age factors did not show significant association with the main outcome of
the study (control diabetes). Hence, this study is unlikely to be influenced by confounding bias, as
this would require the confounder to be associatedrelated to both exposure and outcomn

the event,most of the sample were taking medication and this factor did achieve significance;
however, as mentioned above, this observation is unreliable due to the-sgmg®nal nature of

the study.
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Table8.4 Binary logistic regression odds ratios and 95% confidence intiwabntrolled diabetes (Household weighted models)

Chapter 8

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5)
OR [95%CI] P OR [95%CI] P OR [95%CI] P OR [95%CI] P OR [95%CI] P

Education level

High education (reference) 1 1 1 1

Low education 0.802 (0.439 1.464) 0.473 0.954(0.406- 2.240 0.913 1.134(0.447- 2.879) 0.791 1.188(0.467¢ 3.023 0.718

Middle education 1.062 (0.534 2.111) 0.864 1.056(0.450- 2.479 0.900 1.237(0.521-2.939) 0.630 1.318(0.556¢ 3.129 0.530
Age group

60+(reference) 1 1 1

20-39 0.855(0.289- 2.52]) 0.776 0.847(0.284- 2525 0.766 0.738(0.235¢ 2.319 0.603

40-59 0.791(0.427 - 1.466) 0.456 0.739(0.296 - 1.380) 0.344 0.726(0.384- 1.374) 0.325
Sex

Female (reference) 1 1 1

Male 1.239(0565- 2.716 0.593 1.082(0.504- 2.323 0.839 1.108(0.501- 2.449) 0.801
Marital status
Currently married (reference) 1 1 1
Not currently married 0.703(0.339¢ 1.454 0.342 0.609(0.304¢ 1.224 0.164 0.623(0.304-1.277) 0.196
Administrative Region
Central (reference) 1 1 1 1
Eastern 0.587 (0.195 1.767) 0.343 0.984(0.299- 3.239) 0.979 0.949(0.283-3.182 0.956 1.090 (0.359 3.314) 0.879
Western 1.913(0.912- 4.008) 0.086 2.537(1.216- 5.296) 0.013 2.373(1.135- 4.959 0.022 2.908 (1.445 5.853) 0.003
Northern 0.677 (0.314 1.459 0.320 0.739(0.3% - 1.624) 0.452 0.674(0.309- 1.465 0.319 0.814 (0.412 1.609) 0.554
Southern 0.441 (0.32-0.865) 0.017 0.479 (0.238- 0.966) 0.040 0.419(0.207 - 0.848) 0.016 0.513 (0.273 0.963) 0.038

Model 1:unadjusted Model 2:adjusted by demographic factors (sex and age) and marital seduasinistrative regionssociceconomicfactors (working status and monthly household inconMgdel 3:includes also selfare
behavior factors (prescribed diet, physical activity, test blood sugar at home and\Bddigl 4:includes also Health care access and-caié factors (routine cheelip, and visit for manage diabetes, (Use of medicationd, an
insulin) Model 5:final fitted mode] P: p-value (significant iBOLL); OR:0Odds RatiosCl:Confidence interval.
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Table 84 Binary logistic regression odds ratios and 95% confidence intkmvabntrolled diabetes (Household weighted models)

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5)
OR [95%CI] P OR [95%CI] P OR [95%ClI] P OR [95%ClI] P OR [95%CI] P
Working status
Never worked (reference) 1 1
Currently working 1.097 (0.404 - 2.983) 0.8% 1.304(0.472- 3.602) 0.609 1.243(0.442 - 3.498) 0.680
Not currently working 0.522(0.23- 1.219) 0.133 0.570 (0.53- 1.282) 0.174 0.576(0.249 - 1.335) 0.199
Monthly household income
Highest(reference) 1 1 1
Lowest 0.632(0.130 - 3.065 0.569 0.467(0.118- 1.855) 0.288 0.385(0.0% - 1.539) 0.177
Low 0.351 (0.064 - 1.911) 0.226 0.296(0.065- 1.349) 0.113 0.254 (0.055 1.170 0.079
Middle 0.388(0.069- 2.163) 0.280 0.320(0.067 - 1.520) 0.152 0.244(0.05L - 1.162) 0.077
High 0.314(0.054- 1.821) 0.197 0.238 (0.046 1.225 0.0% 0.1 (0.036- 1.034 0.055
Missing 0.461(0.091 - 2.344) 0.350 0.482(0.113-2.049 0.323 0.339(0.089-1.695 0.209
Test blood sugar at home
Yeg(reference) 1 1
No 1.127(0.661 - 1.923 0.661 1.019(0.589- 1.760) 0.947
Body Mass IndexBMI)
Under or normal weight (reference) 1 1
Overweight 0.722(0.308-1.699 0.455 0.704(0.311- 1.596) 0.401
Obese 0571(0.248-1.315 0.188 0.536 (0.2421.186 0.124
Physical activity
High or moderatdreference) 1 1
Low 1.278(0.29-7.105) 0.779 1.155(0.183- 7.284) 0.878
None 0.661(0.259- 1.691) 0.388 0.581(0.24- 1.507) 0.265

Model 1:unadjusted Model 2:adjusted by demographic factors (sex agk) and marital statysidministrative regionssociceconomicfactors (working status and monthly household incomddel 3:includes also self
care behavior factors (prescribed diet, physical activity, test blood sugar at home andviidié).4:includes also Health care access and-selk factors (routine cheelip, and visit for manage diabet@dse of medications,
and insulin)Model 5:final fitted mode| P:p-value (significant iBOLLD; OR:0Odds RatiosCI:Confidence interval.

240



Chapter 8

Table 84 Binary logistic regression odds ratios and 95% confidence intknwvabntrolled diabetes (Household weighted models)

Characteristics Model (1) Model (2) Model (3) Model (4) Model (5)
OR [95%ClI] P OR [95%CI] P OR [95%CI] P OR [95%CI] P OR [95%CI] P
Prescribed diet
Yes (reference) 1 1 1
No 0.273(0.134- 0.558) 0.000 0.2 (0.112-0.479 0.000 0.315 (0.164 0.607) 0.001
Visit for manage diabetes in last month
Yes(reference) 1
No 1.435(0.605- 3.403 0.412

Routine checlup

Never (reference) 1

Yes 0.766 (0.453- 1.295) 0.319
Have you ever taken medications

Yes (reference) 1 1

No 2.234(1.007¢ 4.959 0.048 2.348 (1.134 4.858) 0.021
Insulin

Yes (reference) 1

No 1.358(0.781-2.358 0.278

Model 1:unadjusted Model 2:adjusted by demographic factors (sex and age) and marital stdasinistrative regionssociceconomicfactors (working status and monthly household inconddel 3:includes also self
care behavior factors (prescribed diet, physical activity, test blood sugar at home andv®ilé).4:includes also Health care access and-calé factors (routine cheelip, and visit for manage diabetes (Use of medicatior
and insulin)Model 5: final fitted model.P: p-value (significant iBOLD; OR:Odds RatiosCl:Confidence interval.
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8.3.2 Medication and behavioural forms fomanagement diabetes

Table 8.5 lists the different patterns of diabetesmanagementseenamong Saudipatients. The
proportion of the outcome 'controlled diabetes' by managementpattern indicatesthat most
patientsare usingmedicationanddiet (40.0%)diet, medication,andinsulin(29.4%)pr medication
only (10.4%Yor control of their diabetes. However,| did not observeany significantdifferencesin
managementpatterns between ‘controlled' and 'uncontrolled’ diabetic patients. In Table 8.6 |
analysethe diabetesmanagementpatterns by administrativeregion. Patientswho lived in the
Centrd region were more likely to follow a combination of diet, medication and insulin for
managingtheir diabetesin contrastto other regionsthat were more likely to follow a simpler

combinationof prescribeddiet and medicationonly.

Table8.5 Diabetes management patterns and contobldiabetesin Saudi patients

Controlled diabetes outcome (walue=0.097)

Managementforms Uncontrolled diabetes Controlled diabetes | All diagnosed diabetes
259(56.1) 203(43.9) 462
No diet, medication or insulin 8(40.0) 12(60.0) 20
Diet only 12(48.0) 13(52.0) 25
Diet and medication 100(54.0) 85(45.0) 185
Diet and insulin 6(40.0) 9(60.0) 15
Medication only 32(66.7) 16(33.3) 48
Medication and insulin 21(77.8) 6(22.2) 27

Insulin only 3(50.0) 3(50.0) 6

Diet, medication and insulin 77 (56.6) 59(43.4) 136
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Table8.6 Diabetes management pattermgnong Saudi patientsy administrative region

Managementforms Administrative regions
Central Eastern Western Northern Southern
No diet, medication or insulin 6 (4.3) 6 (7.8) 2 (2.3) 6 (4.6)
Diet only 10 (7.1) 1(4.2) 5 (6.5) 2(2.3) 7 (5.3)
Diet andmedication 48 (34.3) 9 (37.5) 28 (36.4) 49 (55.0) 51 (38.6)
Diet and insulin 7 (5.0) 3(3.4) 5(3.8)
Medication only 12 (8.6) 7 (29.2) 12 (15.6) 4 (4.5) 13 (9.8)
Medication and insulin 3(2.1) 2(8.3) 3(3.9) 7 (7.8) 12 (9.1)
Insulin only 3(12.5) 1(1.1) 2 (1.5)
Diet, medication and insulin 54 (38.6) 2 (8.3) 23 (29.8) 21 (23.6) 36 (27.3)

Green colourmost form used

Based orpreviousresults,administrativeregion, prescribeddiet and taking medication are the
most important factors influencing control of diabetes. In addition, diabetes management
guidelines in Saudi Arabia emphasise the importance of changing behaviour to follow a better diet
and become more physically active. dylobjective in this chapter is therefore the identification of
lifestyle patterns which influence theontrol of diabetes. The results ifiable 8.7show the odds
ratios (OR and 95% confidence interval (Cl) from weighted binary logit regression modhis of
likelihood of following a prescribed diet. This analysis revealed no significant effect seagmd

marital status.

In terms of patient education level, no education group was a significant predicfol@fiing a
prescribed dietHowever, | didletect an association between administrative region and prescribed
diet in diabetes patients. &ients living in the Bstern, Western and Southern regions were
significantlylesslikely to follow a prescribed diet (OR: 0.109, 0.307, 0.368) than thosdivdtbin
Central regionPatients who lived ithe Northern region did not significantly differ from those who
lived in the Central regioin terms of prescribed dietWorking status also showed significant

assocision with prescribed diet.
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Patientswho have 'never worked' are significantly more likely to follow a prescribed diet than those
who are 'currently working' (OR: 3.29Howeverthere was no significant difference between
patients identified as 'not currently working' and those who were 'cutiseworking'. Furthermore,
patients who do not regularly test blood sugar at home are less likely to follow a prescribed diet
than those who do (OR: 0.533). Overall, administrative region appeared the most significant

predictor of whether diabetes patienfsllow a prescribed diet.
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Table8.7 Generalised binary logistic regression odds ratios and 95% confidence iriteadscribed diet (Household weighted models)

Characteristics Model (1) Model (2) Model (3) Model (4)
OR [ 95% ClI] p OR [ 95% CI] p OR [95% ClI] p OR [95% CI] p

Education level

High education (reference) 1 1 1

Low education 0.603 (0.292 1.246) 0.172 0.545 (0.2251.322) 0.180 0.578 (0.224 1.489) 0.256

Middle education 0.699 (0.308 1.588) 0.393 0.519 (0.218 1.238) 0.139 0.439(0.167- 1.153) 0.095
Age

60 + (reference) 1 1

207 39 1.435 (0.42% 4.895) 0.564 1.923 (0.466 7.936) 0.366

407 59 1.488 (0.716 3.093) 0.287 1.581 (0.726 3.445) 0.249
Sex

Female (reference) 1 1

Male 1.801 (0.709 4.571) 0.216 2.083 (0.750 5.782) 0.159
Marital status
Currently married (reference) 1 1
Not currently married 1.681 (0.6274.511) 0.302 1.948 (0.7015.417) 0.201
Administrative Region
Central (reference) 1 1 1
Eastern 0.111 (0.037%0.333) 0.000 0.118 (0.037%0.375) 0.000 0.109 (0.0350.339)  0.000
Western 0.296 (0.121 0.726) 0.008 0.412 (0.1671.017) 0.054 0.307 (0.13:0.719) 0.006
Northern 0.515 (0.186 1.425) 0.201 0.715 (0.225 2.269) 0.569 0.482 (0.180 1.292)  0.147
Southern 0.401 (0.176 0.948) 0.037 0.504 (0.209 1.215) 0.127 0.368 (0.1740.777)  0.009
Working status
Currently working (reference) 1 1
Never worked 2.998(1.000- 8.990) 0.050 3.297 (1.102 9.860) 0.033
Not currently working 1.685 (0.694 4.090) 0.249 1.693 (0.676 4.238) 0.261

Chapter 8

Model 1:unadjusted;Model 2: adjusted by demographic factors (sege,and marital status), administrative regiorsgiciceconomicfactors (working status and monthly household income
Model 3:includes also selfare behaviour factors (test blood sugar at home and BMI) anetasdffactors (and visit for manage diabetdse of medicationsylodel 4: administrative region, P
p-value (significant in BOLDRR:Odds RatiosCl:Confidence interval.
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Table 8.7Generalised binary logistic regression odds ratios and 95% confidence iriteadscribed diet (Household weighted models)

Characteristics Model (1) Model (2) Model (3) Model (4)
OR[95% CI] p OR [95% CI] p OR[95% CI] p OR[95% CI] p
Monthly household income
Lowest(reference) 1 1
Low 0.606 (0.235 1.562) 0.300 0.517 (0.197 1.355) 0.179
Middle 1.068 (0.375 3.042) 0.903 0.908 (0.304 2.708) 0.862
High 0.764 (0.243 2.408) 0.646 0.570(0.168- 1.937) 0.368
Highest 0.504 (0.150 1.694) 0.268 0.356 (0.082 1.552) 0.169
Missing 0.295 (0.13% 0.662) 0.003 0.260 (0.104 0.647) 0.004
Test blood sugar at home
Yes (reference) 1
No 0.533 (0.287%0.992) 0.047
Body Mass Index (BMI)
Under or normal weight (reference) 1
Overweight 1.682 (0.625 4.528) 0.303
Obese 2.597 (0.997 6.766) 0.051
Visit for manage diabetes in last month
Yes(reference) 1
No 0.432 (0.175 1.069) 0.069
Have you ever taken medications
Yes (reference) 1
No 0.605 (0.294 1.244) 0.172

Model 1:unadjusted;Model 2:adjusted by demographic factors (sex, age and marital status), administrative regpoieeconomicfactors (working status and monthly household incomégdel 3:includes
also seHcare behaviour factors (test blood sugar at home and BMI) andtaelffactors (and visit for manage diabetes, Use of medicatibiugel 4: administrative region, Pp-value (significant in BOLDRR:
Odds RatiosCI:Confidence interval.
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The effect of following a prescribeddiet on the proportion of patients taking medication is
presentedin Figure8.4. Patientswho followed a prescribeddiet appearedmore likelyto be taking
medicationcomparedto thosewho were not on diet. Similarly patients followinga prescribeddiet

were more likelyto be testingblood sugarat home- seeFigure8.5.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Not taking medication m Yes, taking medication

Figure8.3 Proportion of patientgaking medication by prescribed diet status

Follow a prescribed diet

Not olowed aprescrbed diet=

0% 10% 20% 30% 40% 50% 60% 70%

m Not test blood sugar at home  m Yes, test blood sugar at home

Figure8.4 Proportion of patients taking medication Impme sugar testing status
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Intensity of physical activity

The results in Table 8.8 show the relative risks (RR)from weighted multinomial logit
regressionmodels of the associationbetween physicalactivity level and factors identified as
significantafter applicationof the modelselectionprocedure.Theresultsshowthat low educated
patientshavealower likelihoodof beingphysicallyactivecomparedto highlyeducatedpatients.In
addition, male patientswere more likely to be physicallyactive. Table8.9 presentsthe predicted
probabilitiesof three physicalactivity levels(highor moderate,low, andnone)for thesethree key
factors.lt is clearthat females,the low educated and those not currently working are the most
likely to displayan absenceof physicalactivity. Figure 8.6 and Figure 8.7 show the predicted
probabilitiesof the three physicakactivity levelsby educationlevelandworkingstatusfor diabetes
patients.In conclusion)evelsof physicalactivity are clearlyaffected by socioeconomicfactors in
particular,patients with lower educationlevelsandwho are not currentlyworkingappearto bethe

most physicallyinactive.

Table8.8 Relative risk of physical activity levels risk factors

Characteristics Levels of physical activity

High or moderate Low
Education level RR p-value RR p-value
Low educated 0.611 0.417 0.396 0.335
Middle educated 0.229 0.006 3.952 0.044
High educated (ref)
Sex
Female (ref)
Male 6.864 0.002 0.216 0.058
Working status
Currently working 0.850 0.834 0.800 0.831
Not currently working 0.220 0.064 3.053 0.286

Never worked (ref)

Baseline outcomelNone;RR:Relative Risk
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Table8.9 Predicted probabilities of the likelihood of physieativity levels by different groups

characteristics Levels of physical activity
High or moderate Low Not Active
Education level PP p-value PP p-value PP p-value
Low education 0.0662 0.004 0.0084 0.177 0.9254 0.000
Middle education 0.0240 0.038 0.0809 0.010 0.8949 0.000
High education 0.1028 0.006 0.0201 0.142 0.8771 0.000
Sex
Female 0.0165 0.062 0.0569 0.069 0.9266 0.000
Male 0.1078 0.000 0.0117 0.073 0.8806 0.000
Working status
Never worked 0.1122 0.060 0.0129 0.230 0.8748 0.000
Currently working 0.0973 0.003 0.0106 0.144 0.8921 0.000
Not currently working 0.0263 0.020 0.0421 0.035 0.9316 0.000
PP:predicted probability
1
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=@== Low education
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Levels of physical activity

=@= Middle education
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None

High education

Figure8.5 Predicted probabilities of physical activity levels by education level among Saudi

diabetic patients
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0.9
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0.5
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Predicted probabilities

High or moderate Low None
Levels of physical activity

=@=—Never worked ==@= Currently working Not currently working

Figure8.6 Predicted probabilities of physical activity levelsiayrking statusamong Saudi

diabetic patients

8.4 Discussion and conclusions

Understandingthe relationship between education level and the 'controlled diabetes'
outcomeis essentiako improvethe control and managemenbof diabetes.In this chapter,| aimed
to investigatethe associatiorbetweeneducationlevel and controlled diabetes in particularhow
this relationship could be influenced by controlling for demografhic, sociceconomic(working
statusandhouseholdncome) lifestyle,healthcareaccessandseltcarefactors(takingmedication,
andtest blood sugarat home).In doingso, | hopedto gainabetter understandingactorsaffecting
the control of diabetesin SaudiArabia.In additionto sociceconomicfactors,| alsoassessediow
different patterns of diabetesmanagemeniaffectedthe 'controlled diabetes'outcome,and how

thesepatternsvariedbetweenadministrativeregions.

Thisis an important considerationas the administrativeregion variablecanitself be an
important predictor of 'controlled diabetes'. Thiscanbe rationalisedby variationin urbanisation
levelaffectingaccessibilityo healthyfood, availabilityof publicand sport facilities,andthe quality
of healthcare Finally | examinedhe influenceof multiple factorsincludingsociceconomicfactors
on prescribeddiet andlevelof physicalctivity. Thefindingsfrom this analysiprovided insightsas
to how sociceconomigpatternsinfluencethe controlandmanagemenbf diabetes.Thesewill help
to expandthe evidencebasefor new preventionprogrammesandinterventionsto reducethe high

prevalenceof uncontrolleddiabetes.
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8.4.1 Association between education ancontrolled diabetes

In terms of controlled diabetesmodelling, althoughthere wasno significantassociation
betweeneducationleveland 'controlled' diabetes,low educatedpatientshad the lowestoddsof
havingcontrolleddiabetesboth beforeandafter adjustingthe model. Thisfindingis consistentwith
paststudies,which provideevidencethat low educatedindividualsare more likely to exhibit poor
glycaemiccontrol comparedto highlyeducatedindividuals(Ajlouni et al., 2008, Khattabet al.,
2010, Costaniaret al., 2014) However,a singleOmanistudy observedthe oppositerelationship,
reportingthat highly-educatedpatients(completeddiploma/technicalexhibitedpoorer glycaemic
control than lesseducatedpatients (completedhighschoolor lower) 6 5 Q { & alzj2015) Taken
together,the mostreasamableexplanationof thesefindingsisthat in SaudiArabia,educationlevel

doesnot exerta significantinfluenceon the likelihoodof a'controlled’ diabetesoutcome.

Consideringhe effect of sociceconomicfactors, the resultsindicate that working and
incomestatusare not associatedvith controlled diabetes.Thisfinding is inconsistentwith some
past studies,which provide evidencethat high SESatients are more likely to have controlled
diabetesthan patients with lower SEJAFBaghliet al., 2010, Bi et al., 2010, Houle et al., 2016,
Alramadaret al.,2018,Fisheret al.,2010) Inthe Easterrregion,for example the groupsexhibiting
the poorest control of their diabeteswere the widowed and selfemployed,whereasthe better
controlledgroupswere singlewith professionakmploymentstatus(AFBaghliet al.,2010) Another
studyin three Saudicities(Riyadh Jeddahand Al-Hofuf) by (Alramadaret al.,2018)observedthat
patients living in a remote area, housewivesand the unemployedwere more likely to have
inadequatelycontrolled diabetes.However thesestudiesare not necessarilyepresentativeof all

Saudiregions.

My results confirm that administrative region is an important predictor of achieving
diabetic Patientswho lived in the Western,Easternor Centralregionswere more likely to have
controlled diabetesthan patientsin the Northern or Southernregions.Thesefindingsare in line
with past studies,which provide evidencethat the Easternregion, Riyadh(Centralregion) and
Jeddah(Westernregion)are centresof affluence(AlOmaret al.,2018) Theseaffluent centresare
the most urban regions, host the best Universities,and are consequentlywell-equipped with
specialisechealthcareservicesas discussedn the sectionexaminingthe SaudiArabiancontext.
Additional characteristicof theseregionsare that they havebetter accesgo hedthy food, and

more sportsandother publicfacilitiesfor both malesandfemales.

251



Chapter 8

Consideringhe administrativeregion s therefore essential,as this variableimpactsthe
control of T2DM 1) Directly- through significantvariationin resourceshbetweensuchasaccesso
diabetescareservicesaandspecialiseghysiciangGrintsoveet al.,2014) and?2) Indirectly- through
a patientQ sociceconomicstatus(Stringhiniet al.,2012) Otheraspectghat varybetweenregions
includehealthcareserviceefficiencyandthe balancebetweenpublicand private sectorhealthcare
(MousaandAldehayyat2018) Forexample somelessurbanregions,suchasthe Northernborders
andAl-Jouf,havebetter healthcareefficiencythan more developedregionssuchasEasternregion

andMakkah(Westernregion),in both privateand publicsectors.

One study failed to find an associationbetween region and control of diabetesand is
therefore inconsistentwith my findings(Alramadaret al., 2018).However,this study focusedon
three main cities: Riyadh(Centralregion),Jeddah(Westen region),and A-Hofuf (Easterrregion),
which are classifiedas advantagedareasin SaudiArabiaand do not therefore fully represent
regionaleffects.In general,however,glycaemiccontrol is associatedvith urbanisationlevel, with
higherratesof controlled diabetesin urbanareas,for examplein the Easternregion (AFBaghliet
al.,2010) I concludethat the administrativeregionand by implicationthe levelof urbanisationare
keyfactorsinfluencingthe control of diabetes.Thismaybe becauseadministrativeregionis acting

asa proxyto the variationin sociceconomicfactorswithin and betweenregionsin SaudiArabia.

In regardto medication the resultsindicatethat patientswho are not takingmedication
aremore likelyto havecontrolleddiabetesthan thosewho are takingmedication.Thissomewhat
paradoxicatesultisin line with previousstudiesshowingthat patientswith controlleddiabetesare
less likely to be on medication than those with uncontrolled disease(Khattab et al., 2010,
Alramadaret al.,2018,Al-Hayeket al., 2012) A possibleexplanationfor this findingis that relying
on medicationaloneis suboptimalfor managingdiabetesamongSaudipatients. Effectivecontrol
of diabetesrequiresregularmonitoring of blood sugar,increasedphysicalactivity and following a
dietaryregimenin additionto medication(Khattabet al.,2010) Giventhe unexpectedelationship
betweenmedicationadherenceand control of diabetes,it wasinterestingto considerthe effect of
dietary intervention on the control of diabetes.| found that patientswho followed a prescribed
diet are more likely to have controlled diabetes. This finding is consistentwith past studies
indicatingthe importanceof diet in achievingglyaemic control (Shamskt al., 2013) Moreover,
diabetic patients who adopt a better diet achievelower HbAlclevelsthan patients who rely on

insulinand medicationalone (AFNuaimet al., 1998,AlLawatiet al., 2012)
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OnediscordantSaudistudy reported that patients who usedinsulin for control of their
diabeteshad lower HbAlclevelsthan patients following a combinedintervention of diet and
medication (AFNuaim et al., 1998) One possibleexplanationfor this is that there is a lack of
knowledgeabout managemenbf the diseaseamongSauli patients.A further factor is the nature
of traditional Saudidishes,suchas KabsaF, that rely heavilyon rice, meat, and bread. Thisis
compoundedby the rapid sociceconomicdevelopmentin the MENAregion. Theincreasein the
availability of meat products has contributed to a nutritional transition from the widespread
consumptionof cerealproducts,fruit, andvegetablego diets highin fat and protein (Mehio Sibai
et al., 2010).Giventheseeffects, it is not surprisingthat a focuson educatingpatientsto improve
their knowledgeof diabetesin generaland nutritional approachesin particular is an effective
managementapproachresultingin reducedHbAlcvalues(Redmondet al., 2007, Tayyemet al.,
2013) Thisunderlinesthe importanceof prescribeddiet asan effective determinant of diabetes

controlin SaudiArabia.

8.4.2 Prescribed diet and physical activity level

Theresultsshowa clearrelationshipbetweenthe administrativeregionandthe likelihood
of patientsfollowing a prescribeddiet. Diabetespatientswho lived in the Eastern Westernand
Southernregionsappearedesslikelyto follow a prescribeddiet comparedto the Centralregion.A
keycontextualconsideratioristhat only a smallproportion of the Saudipopulationobservedietary
recommendationsn relationto the consumptionof dairy products?, fruit andvegetablesputsand
fish meat (MoradiLakehet al., 2017) However,this generalsurveymasksconsiderableregional
variation in dietary detail. For example,the Southernand Westernregionsincluding Jizan Asir,
Albahaand Makkahare closeto the RedSeaand alongwith the centralad w A eNBRIRh&gthe
highestfishconsumptionln contrast,the lowestconsumptionof fishoccursamongindividualsvho
live in the Northernregiono | | ARJodif@nd northern borders)(MoradiLakehet al., 2017) This
showsthat administrativeregion can be an important determinant of dietary habits for Saudi

individuals.

80 Kabsa is traditional Saudi Arabian dish that mainly contained chicken or meat with rice. This dish is
frequently serving during week for lunch or dinner meals.
61 Dairy products: milk, yoghurt
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In additionto diet, physicalactivity levelis alsoof criticalimportancein the management
of diabetes. The combination of unhealthy diet and physicalinactivity associatedwith socio
economicchangeare largelyresponsiblefor the rapid increaseof diabetesacrossthe GCQegion
(Davieset al., 2008,Al-Rasheedi2015) In general there is a high prevalenceof physicalinactivity
amongall agesand sexesgroupsin the Sauli Arabia(Alramadaret al.,2018) With respectto the
effect of genderon physicalactivity level, the resultsshowthat that male patientshavea higher
levelof physicahctivity, with femalepatientsover-representedn the 'low activity' and'no physical

activity' groups.

Thesefindingsare in line with numerouspreviousstudiesshowingthat femalesare less
likelyto be physicallyactive (AFAlfi et al., 2004,AFNozhaet al., 2004,Midhet et al., 2010, Aljoudi
and Taha, 2009, Awadallaet al., 2014, AlQuaizand Tayel, 2009, Alshaikhet al., 2017) One
explnation for this finding is that in SaudiArabiathe weather is warm for most of the year,
especiallyduring the summer season;these prolonged high temperaturesdiscourageoutdoor
physicalactivity (Al Othaimeenet al., 2007, Al Johaniet al., 2015) Furthermore,the urban
environmentis not well organisedor walkingandcyclingoutdoors.Asaresultthere isa very high

dependencyon carusage gvenfor shortjourneys(GilesCortiet al.,2016)

Inadditionto thesegeographicalactors,socicculturalnormsandrestrictionsare powerful
factorslimiting physicalactivity (AlQuaizand Tayel,2009) Thisis particularlytrue for women, asit
islessculturallyacceptabldor themto walkor exerciseoutdoors.Acces$o womens(sportfacilities
arelimited in lessurbanregionsand expensivg AFLawatiand Jousilahti2004,Al-Rasheedi2015)
Another sociacultural norm that acts againstindividual physicalactivity is obesity, traditionally
perceivedasa signof beautyand high-incomestatusin females(AFNuaimet al.,2012) Thesetwo
factorsare likely to be significantdrivers of the high prevalenceof obesity and diabetesamong
Saudifemales.In terms of informing policy, it followsthat wider provisionof publicfemalesports

facilitiesin the GCQegioncouldbe a highlycosteffectiveintervention.

Turningto sociceconomicfactorsin relationto physicalactivity, the resultsdemonstrate
that patientswho are highly-educatedor who are currently working have a higher probability of
beingin the 'high' or 'moderate’ physicalactivity groupscomparedto low educatedand other
workingstatusgroups.In contrast,low educatedand not currentlyworkingpatientshavea higher
probability of beingin the 'low' and'not physicallyactive'categoriesThesefindingsare consistent
with previous studies showingthat low educated patients also had poor diabetesknowledge

comparedto highlyeducatedpatients(Onget al.,2014)
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Europeanpatients with low SESare alsolesslikely to be physicallyactive, even during
leisuretime, comparedto those with high SESBeenackerst al., 2012) It should be stressed,
however, that the nature of employment for high SESindividuals mean that they may be
occupationallyless physicallyactive than low SESndividuals;such effects could vary between
regionsdepending on employmentpatterns. The decreasein physicalactivity with ageis more
pronouncedn individuals~vho havelosttheir jobsor arenot currentlyworking(Shawand Spokane,
2008) Thislendssupportto the ideathat highlyeducatedpatientsmight be better informedabout
how to managetheir diabetes,includingthe importance of physicalactivity. Moreover, patients
who are not currentlyworking(i.e. the retired andunemployed)are more likely to be in the lower
income levels, this will necessarilylimit their accessto healthy diet and sports facilities. An
additional factor applyingto retired patientsis that they are more likely to be in the older age
groupsand lesslikely to be able to achievehigh levelsof physicalactivity. Converselyhowever
unemployedpatientsare morelikelyto be in the youngeragegroups they arelesslikelyto be able

to afford the costof accesgo sportsfacilities.

In this chapter, | aimedto investigatethe associationbetween educationlevel and the
control of diabetes. | also examinedthe interrelated effects of demographic,sociceconomic
health care and selfcare behaviourfactors. In the secondanalysis,| investigatedhow lifestyle
factorsrelatedto sociceconomicstatusand other risk factors. Themostimportant predictorsof
the controlleddiabetesoutcomeare administrativeregion,prescribeddiet, andtakingmedication.
In addition, | identified administrativeregion,workingstatusandregulartestingfor blood sugaras
important factorsinfluencingthe use of a prescribeddiet intervention. Thisanalysisalsoindicated
that educationlevel,gender,andworkingstatusareimportant predictorsof physicakctivity status
in SaudiArabia.Finally placeof residenceplayeda majorrole influencinglifestylepatternsandthe
control of diabetes.Overall,the findings highlight the need for a comprehensiveregionbased
regulatoryframeworkfor diabetesinterventionstrategiesnecessitatingarallelpolitical,socialand

culturalchanges.
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Chapter9 5A30dAa&aA2y FyR 02y 0t dz

In this thesis, | aimed to explore the association between T2DMacideconomidactors in Saudi
Arabig with a particularfocus on education leveMy plan was to use the SDH framework to
examine how different layer of sociceconomic characteristics were associated with the
prevalence, diagnosis, and control of T2DM. In this way, | hoped to gain a better understanding of
the factors behind the increasing prevalence of T2DM in the country. In this chapter | discuss the
findings descried in the analytical chapters and directly address the research questions presented
in Chapterl. | start by detailing the main contributions of the thesis by analysing the themes that
emerged during the study. | then summarise the key findings and diskessimplications in
relation to the SDH framework and previous studies. This leads to an appraisal of the strengths and
limitations of the study, a consideration of its policy implications and a set of recommendations to
address the public health chatige presented by T2DNMconclude by considering potential areas

for future research angbresent an overall summary of my conclusions.

9.1 Gontributions of this thesis

In the last three decades, the GCC region has faced agagideconomidransformationthat has
resulted in a heavy burden of T2DM, particularly in Saudi Arabia as discussed in the introduction to
this thesis. As mentioned iGhapter 3 although the Saudi MOH has addressed this challenge
through a national policy plan, this has not been infed by the SDH framework aimed at gaining

a better understanding of T2DM in the country. The work described in this thesis begins to fill this
gap in our understanding by investigatisgciceconomicfactors in relation to different diabetes
outcomes base on a national survey. Additionally, it provides new knowledge about the risk factors
for T2DM in Saudi Arabia by exploring heaciceconomicfactors influence T2DM prevalence,
diagnosis,and control. As discussed in Chaptrthe SDH conceptual framewowas used
throughout as it provided the most appropriate context for addressing the thesis objectives
(Dahlgren and Whitehead, 1991Based on Saudi Arabian background information and relevant
literature reviewed in Chapters twand three, this thesis examined three key outcomagerall
T2DM prevalence, the prevalence of diagnosed as opposed to undiagnosed diziDtle extent

to which T2DM control is achieved.
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These key outcomes were examined in relatiosaciceconomicfacors of T2DM in Saudi Arabia
alongside a range of other potential factors. The results of the analytical chapters indicate that
there are relationships between T2DM and a setdeimographi¢c socioeconomic lifestyle,
healthcare access and selire behawur factors. Additionally, administrative region showed
significant association with all three diabetes outcomes (Chapt&)s Bhe SDH framework guides
health outcomes research by considering and addressing SE factors at the micro, meso and macro
levels.This thesis can therefore ewed as an exploratory study into h@ducation levelaffects

the prevalence, diagnosisand control of T2DM using the SDH framework; and the overall

applicability of the SDH framework in KSA.

At the end of Chapter 2, | developed three main frameworks baseth@$DHframeworkand
previous published findings. Starting with a framework based on the overall prevalence of T2DM, a
literature search revealed thatociceconomicfactors are related to T2DM prevalence in a range

of highincome countries. These effects are in additiormtellestablished demographic, genetic,
lifestyle and community factors. However, in this study, | used educational level as a proxy for
individualsociceconomicstatus.However education level is essentially fixed at adulthood, it could

still impact onhealth status in later life. Furthermore, education levels within a large birth cohort
might differ depending on the age of the subjects, reflecting economic developfigmth, 2003)

This framework was investiggd in Chapter 5. The second framework relates to diagndsfaM,

and addresses the disparity between overall T2DM prevalence and the prevalence of clinician
confirmed T2DM. Based on previous studies described in Chapters 2 and 3, the framework |
adopted xamines risk factors that could be related to educational level such as health care access.
These factors were explored in Chapter 3 amtdudehealthcare type (private or public), type of
clinic and distance between home and health care facility. Previstudies addressing T2DM
susceptibility have concluded that a high proportion of T2DM cases are undiagravskthat
understanding the determinants of this lack of timely diagnosis is of major importance to public

health initiatives.

The final framework described in Chapter 8addressed the relationship between education level
and controlled diabetes. This framework includes -sale behavioural factors such regular
monitoring of blood sugar. Despite significant improvements in health care in thergoaevidence
indicates that for many individuals there is still inadequate management of T2DM, as reflected in
the high proportion of individuals with uncontrolled diabetes in Althese frameworks are SDH
based and are aimed at improving our knowledgf how education level relate to the high
prevalence of T2DM in Saudi Arabia. This in turn will contribute to the development of policies and
interventions by informing strategies based on the identification of individuals who are more likely

to developT2DM omwhofail to achieve glyeemic control once diagnosed.
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These frameworks were applied to model the impact of education level on the three T2DM
outcomes in four analytical chapters. @hapter 5,1 explored the relationship between education
level andthe prevalence of diabetes, and whether this association persists after controlling for
demographic, othesociaeconomicand lifestyle characteristics. | also modelled future trends of
diabetes prevalence in Saudi Arab@Zhapter 6investigated the assdation between education
level and clinician diagnosed diabetes, and whether this affected by demographicsocio
economicand health care access factors. This analysis was continu€hapter 7 where |
developeda prediction model for undiagnosed diabetes based on whole population @itapter

8 investigated the relationship between education level and controlled diabetes, and how this
relationship is controlled by demographispciceconomi¢ health care accessnd selfcare
behaviour factors. | also examined factarBuencingthe prescription of diet and physical activity,

and adherence to these interventions.

The inspiration for this thesis was to evaluate the imghat education leveaffectedhason T2DM
outcomesin the KSAThrough these analyses, | have explored the different pathways that an
individual with T2DM might take and highlighted how education level can influence this patient
journey. These insights help improve our understanding of whichithgils/patients are at higher

risk of becoming diabetic, remaining undiagnosed or failing to control their disease after diagnosis.
These frameworks are of course linked and directly relevant to Saudi healthcare policies in general
and plans for T2DM prewéion, earlydiagnosisand management. One key factor | identified was

the lack of integration between different SDH layers (individcaipmunity,and regional factors).

9.2  Summary of key findings

9.2.1 The association between education level and T2DM outcomes

The following table showa summary ofresults for thethree main T2DM outcomes and includes
the most significant factord have identified related to the prevalencgiagnosisand control of
T2DM. Overall, it is obvious from these results that education level was only associated with
prevalence of T2DM. Howevexdministrative region emerged as the key risk predictor for all three
outcomes. These two factors are higlvel in that they reflect a cobination of known risk factors

such as gender and age, together with importaatioeconomiccultural influences.
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Dissecting the contribution of these various factors will help improve our predictive algorithms for

targeting intervention at the level dhe individual and developing regiepecific policyThe most

significant predictors were education, age, employment status, and region and body mass index

associated with the prevalence of T2DM. However, for diagnosed diabetes, only age and monthly

household income were associated. Finally, region, taking medication and prescribed digheere

onlyfactorsassociated with controlled diabetes fact, | found significant variationthe individual

risk of diabetes between regions &l three analytichchapters, emphasising the potential impact

of cultural, behavioural and environmental factors that are usually excluded from analysis. This

finding underlines the importance of these "hidden" factors, withportant implicationsfor

integrated diabetes mnagement.

Table9.1 Summary of three main T2DM outcomes results

T2DM outcomes Prevalence Diagnosis Controlled
Study factors Bivariate | Final Model | Bivariate | Final Model | Bivariate | Final Model
Education level + + + - - -
Demographic factors

Age + + + + - -
Sex + - + - - -
Marital status + - + - - -
Socieeconomicfactors

Employment status + + + - - -
Monthly household income - - - + - -
Administrative region + + + - + +
Other factors

Smoking status + -

Physical activity + - - -
Body mass index + + - -
Routine checkip + - - -
Time between home and health care facility + -

Hospital type + -

Taking medication + +
Insulin - -
Testblood sugar at home - -
Prescribed diet - +

(+) :significant relationship (-): non-significant relationship
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1 Whatis the association between education level and the prevalence of T2DM in Saudi Arabia?
More specifically, is this association modified by sex? Hewhis associatiomaffected when

controlled for demographic, administrative regiorsocioeconomicand lifestyle factors?

This was the main question | addressed in chapter five, drawing on the first analytical
framework addressing the overall prevalence of T2DM discussed above. Findings from this analysis
provided evidence that there is an inverse asst@between education level and the prevalence
of T2DM (as described in conceptual framework). Teyidualseducated to a lowevel have a
higher likelihood of being diabetic compared to highly educated individliais. relationship was
expected based on previous studies indicating that individuals educated to a high level are less likely
to have diabetes compared to less wetlucated individualgHwang and Shon, 2014, Murad et al.,
2014, Kim et al., 2015y his might be expectedsaighlyeducated individuals are more likely to be
aware of the risks and symptono$ diabetes(Su et al., 2016)it has been argued that increasing
awareness of diabetes knowledge would leadnprovementsin Saudi public hdth. The results
of Chapter 5 showed that the association between education level and diabetes prevalence was
constant through all models even after adjusting for other risk predictors. Additionally, the odds of
having T2DM are significantly higher for edage groups, the retired, individuals who were
previously married and the obese. The influence of individual age on the prevalence of diabetes has
been widely discussg@FRubeaan et al., 2014bjhe increased likelihood of diabetes in oldge
groups could be due to direct physiological effectsagéingor indirect effects through lack of

exercise due to agerklated disability.

Students have a lower likelihood ofving diabetes compared to other employment groups.
Additionally, obese individuals have a wadicumented increased risk of T2DWlajeed et al.,
2014) and it has been argued that this increased égtends to all individuals with high BMlhe
findings also provide evidence that individuals who lived in the Southern region are more likely to
be diabetic than those who lived in the Western regi@tOmar et al., 2018Furprisingly, lifestyle
factors such as physical activity and smoking status did not show a significant association with T2DM
in this study. This may be due to the fact that in artieunderstand physical activity and smoking

we need longer term data on individuals rather than a snapshot taken at the time of the survey.
The factors | tested did not show statistically significant effects in these analyses, potentially due to
the smal sample size. Nonetheless, some behavioral factors might mediate the association
between education level and T2DM outcomes. It has been proposed that individuals with low
education level are more likely to be diabetic, and that this might reflect lowesldeof physical

activity in this group.
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Additionally, physical activity itself would be associated with the prevalence of T2DM. Hence, there
might be a direct effect of education level on physical activity, and an indirect effect of education
level on the prevalence of T2DM mediated by physical activity. However, merging these two
hypothetical effects may lead to them cancelling each other out, resulting in a net zero effect. The
findings also indicate that BMI, region, and employment status are keyrfattanediating the
association between education level and the prevalence of T2DM. It has also been suggested that
individuals educated to a high level are less likely to belong to older age groups. As older individuals
are more likely to be diabetic, age an important confounding factor for the association between

education level and the prevalence of T2DM.

Nonetheless, the significant relationship between education level and prevalence of T2DM
underlines the importance of considering socioeconomitustan general and education level in
particular when planning T2DM interventions. The existing focus on age, region, and body mass
index is supported by the fact that age and BMI were found to be significantly associated with
prevalence of T2DM. Consequbmn this comprehensive panel of risk factors could be used to
highlight specific groups of individuals who are more likely to have diabetes, allowing targeted

awareness campaigns to increase knowledge of diabetes and its complications.

1 Whatis the assaation between education level and diagnosed diabetes? Is this association
affected by interaction between education level and gender? More specifically, does this
relationship persist after controlling for demographic, regionagciceconomic.and

healthcare access factors?

| addressed this question in Chapter 6 using the second framework described in section 9.1
above. This examined the association between education level and the diagnosis of diabetes, and
the effect of other risk factors identified fro a literature survey. My analysis confirmed that
education level wasignificantly associated with diagnosis of diabetes among individuals in the
middle education group (i.e. primary and intermediate school levels). However, this relationship
disappearedafter adjusting for administrative region and in the fully adjusted model. Individuals in
the low education level group were more likely to have diagnosed diabetes than those in the high
education level group. As discussed in Chapter 3, educational atairtmas dramatically increased

among the Saudi population over recent decades.
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As a result, stratifying by education level will result in younger adults beingrepezsented
in the high education level group. Thus, leesl educatedndividuals are more likely to be older
and as the odds of having diagnosed diabetes increases with age, so does the likelihood of having
diabetic complications. The finding that oldage groups are more likely to have diagnosed T2DM
has been reported prgously(Bener et al., 2009)This finding indicated that age plays an important
role in T2DM diagnosis. This might merely reflect an accumulating risk of disease with time and
increasedopportunity to identify symptoms and receive a diagnosis. However, it is also likely that
the absolute risk of having diabetes will vary between different birth cohorts due to changes in

exposure to risk factors over tin{élolford, 1991)

In addition to the effect of age, the analysis presente@iapter6 identifiedhousehold income
effects on the likelihood of T2DM diagnosis. | found thdividuals from low income households
are more likely to be diagnosed with diabetes. This effect of low income has been reported
previously(Sommer et al., 2015howeverit has been arguedhiat individuals with high SES have a
higher likelihood of early diagnosis. This is on the basis that household income is associated with
the ability to access better healthcare and hed#ttfoods that can improve health and reduce the
risk of T2DM. Howevethis runs contrary to my findings in a study sample focused on diagnosed
individuals as none of the healthcare accedactors, | examined significantly influenced the
association between education level and diagnosed diabéths. findings indicate thaage and
monthly household income are the main predictors of the association between education level and
the diagnosis of T2DM. Individuals who are older and from low income households are more likely
to have previously diagnosed T2DM compared to yowaggd and high individuals, pointing to

the importance of age as a potential confounder in this analysis.

1 What factors relate to effective control of diabetes in individuals, with specific focus on
educational level? How do demographic, administrative region, health care access, self

care, and othersocioeconomicfactors related to controlled diabetes?

| addessed thesajuestiors in Chapter 8. | first carried out a literature review of the known
factors affectingcontrol of T2DM and used these as the basis for the final framework investigating
the impact of education on the likelihood of T2DM patients achigdand maintaining glycemic
control. By analysing the association between education level and controlled T2DM, | observed that
administrative region, taking medication and following a prescribed diet are the main factors

influencingcontrol of T2DM.
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Speciically, patients who live in the Southern region and those who were not following a
prescribed diet have higher risk of uncontrolled T2DM compared to other groups. This is also the
case for patients who only take medication withautdertaking any of thether interventions.
Although previous studies have pointed to a relationship between individual socioeconomic factors
and inadequate control of T2DM, | could not find any such association. For example, it has been
argued that individuals educated to a hitgvel are more likely to achieveontrol of their blood

sugar. However, my results show no relationship between education level and control of diabetes.

It seems, therefore, that whilecontrol of T2DM is primarily influenced by regional
socioeconomic faors, T2DMprevalence and diagnosisare determined more by individual
socioeconomic factors. The importance of regional factors in determining control of T2DM means
that the SMOH and government should target regional needs, particularly in relation th¢eral
service provision, access to a healthy diet and facilities for everyday exercise. My analysis revealed
that there are significant socioeconomic variations between regions, particularly in terms of
education, employment, and income status. Theseedififices are important drivers of inequality

betweenregions(Mousa and Aldehayyat, 2018)

Most patients relied on a combinatioof prescribed diet and medication for managing their
diabetes. However, | was unable to find a significant association between T2DM management
approach and control of diabetes, as there were no obvious differences between the controlled
and uncontrolled goups with respect to the form of intervention. However, | did discover that
intervention strategies varied significantly between regions. Patients who lived in the Central region
were more likely to be following a diet, taking medication, and using infalimanaging T2DM

than other regions.

In the second analysis describeddhapter 81 set out to investigate factors influencing the use
of behavioral interventions. This revealed that administrative region is the main predictor of
whether patients folbw a prescribed diet. In relation to physical activity interventions, | found that
patients with a low education level, females, and patients who are currently out of work have a
higher likelihood of being physically inactive. This observation is in agragesith that of Alshaikh
et al. (2017)who found that females in the GCC region have a higher prevalence of physical

inactivity.

As mentioned in previous chapters, it should be noted that some of the associations on which
these observations are based were not statistically significant due to the influence of sample size
andconsequenteduction in statistical powe(in Chapter 8 Nonetheless my findings highlight the
need to gain a better understanding of the impact of socioeconomic and lifestyle factors on T2DM

control.
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Such understanding will necessarily inform development of the framewaork for the prevention
and control of T2DM @oss the GCC, particularly in Saudi Arabia. My observations highlight the
need for a better understanding of the impact of socioeconomic and lifestyle factors on T2DM
control. Such understanding will be key to develop the T2DM framework for the preveartibn

better control of T2DM across the GCC, patrticularly in Saudi Arabia.

It is important to highlighthe possibilitythat for the previoudy reportedassociations between
education level andhe three diabetes outcomesother risk factors could be conimders or
mediators. For example, confoundingactors that influence both education level and T2DM
outcomesinclude age and genderwhile mediating factors could enhancthe associationThe
findings of this chapter demonstrate that administrative regi®a key predictor of the association

between education level and achieving control of T2DM.

9.2.2 Future projection of T2DM prevalence estimates

T What are the future estimates for T2DM total prevalence in Saudi Arabia? How do these

estimates vary by age and sef the individuals?

Another key aim for this thesis was to predict future trends of T2DM prevalence stratified by
age and gender. Based on the modelling presentedhapter 51 estimate that the prevalence of
T2DM will increase from 16.9% to 21.8% between 2015 and 2030 atmeBgudi population aged
25 years and above. In males, testimatedincrease was from 18.22% in 2015 to 23.29% in 2030,
higher than in females (from 188% to 20.34%) over the same period. These findings are in line
with those reported by(Whiting et al., 2011)who estimated the global prevalence of diabetes in
all age groups for 2011 and 2030is mportant to note that in this study, all estimates of T2DM

prevalence in males were higher than for females across nearly all age groups.

This picture of consistently higher T2DM prevalence in females might be a reflection of higher
obesity rates among 8di women. This would be in line with previous studies, which clearly
showed that female#n the GCC region and EMRvea higher prevalence of obesi{jviehio Sibai
et al., 2010) This gender difference in obesity rates has been atteb to a greater tendency for
females in the region to adopt an inactive lifestyle, particularly in the GCC countries. This may not
be true for highincome groups, where there is a trend for males to display a greater prevalence of
physical inactivity, aargued in Chapter BAlshaikh et al., 2017)These trends of inactivity are
another example of the unique cultural context provide by the GCC countries, affecting

predominantly female citizens.
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9.2.3 Prediction nodels for undiagnosed T2DMliabetesand pre-diabetes

1 Which socieeconomic factors should be included in a prediction model that yields a risk
score to identify individuals who are at risk of having undiagnosedce-T2DM? D@ocio
economicand health care factors contribute to prediction models of undiagedsdiabetes

and highrisk of diabetes in the whole population excluding those with diagnosed diabetes?

In Chapter 7 | focused on developing prediction models for undiagnosed diabetegpend
diabetes ancomparing the finding with other related studies. Part of this involved testing whether
education level,sociceconomic and health care access factors contributed ttee models.
However, my findings highlighted that demographic, health and environmental factors are more

significant than education level and othgwcioeconomicfactors.

In particular, | showed thakegioral effects played a key role and argued thatsideration of
administrative region should be incorporated in public health policy aimed at reducing the impact
of undiagnosed diabetes. This builds on my observations in Chapter 3 and 5 that the Northern and
Southern regions have the highediibetes prealence.ln general, the large differences between
the results in this thesis and other studies are mainly attributable to the different predictors used
to generate the undiagnosed T2DM model. The majority of previous models have relied on
demographic, lifstyle and healthrelated factors, and been validated using tihwo-sample
approach. In contrast, | subjected the models in this thesis to internal validation based on
bootstrapped samples. Findings from this analysis provided evidence supporting prévebngs
that the main predictors of undiagnosed diabetes are age, body mass if#ddawati and

Tuomilehto, 2007, Gray et al., 2010, Ko et al., 2010, Sulaiman et al. Z2@l&)ministrative region.

However, the key predictors of the combined undiagnosed diabetelsprediabetes outcome
are,age, gender, body mass index, administratisgion,and hypertension. Thus, individuals who
are older, male, and obese, live in the Southern region and are hypertensive have the highest risk
of undiagnosed T2DM. | was unaldteidentify an association betweerducation level and any
socioeconomicpredictor for undiagnosed diabetes and pi@betes; however, administrative
region was associated with this outcome, and this must be in part a reflection of the health system

of the region.
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These findings parallel previously identified risk predictors in GCC anéhhaghe countries,
particularly in terms of age and body mass index for undiagnosed diabetes. Older and obese
individuals have higher risk of undiagnosed diabetenmared to other groupsAdditionally, this
study highlightedthat where an individual lives is an important risk predictor. No prewous
published models highlighted the importance of administrativegion as a predictor for
undiagnosed diabetedHowever my findings are in line with previous studies if administrative
region is considered as a proxy for SES, with individuals from areas of deprivation and low SES

having a higher likelihood of being diabetic comparethtwse frommore privileged aras.

Thesocioceconomicstatus of aregionis important because disadvantaged and poorer regions
are likely to have limited health care servi¢dsOmaret al., 2018) The only differences | identified
in the risk predictors for undiagnosed diabetes and-giabetes relate to gender and hypertension,
with males and hypertensive individuals having a higher likelihood of undiagnosetiaetes.
My condusion is that improvements in the early diagnosis of T2DM in Saudi Arabia should focus on
body mass indexage,and administrative region as the three main predictors used to identify

individuals for targeted screening and/or interventions.

9.3  Strengths andimitations of the study

This study has several strengtlférst, this study is one of théew studiesthat have assessed the
association betweerocioeconomidactors and T2DM outcomes in Saudi Arabia. Furthermore, the
study used a data from a Saudi imatal survey that provided an excellent source of information on

non-communicable disease in the Kingdom.

Second,in terms of future projections of T2DM prevalence (Chapter 5), previous studies have
provided useful information on trends in Saudi Arabia. However, only one of these studies
attempted to make future projections of diabetes prevalence, and there are fielv studies in the

wider GCC region. Furthermore, the current study used different methodology and a different
starting point for the projection, producing a valuable independent estimate for comparison with

these other studies.

Third, this study explored2DM trends in Saudi Arabia at a national level, which is important for
public health planning and development of prevention strategies. It provides updated projections

of T2DMprevalence and@overs all regions in the country.
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Fourth, the study presergs new evidence supporting the use of administrative region as a
community sociceconomicrisk factor to identify individuals at higtisk of developing T2DM or
presenting with prediabetes. The T2DM risk model described in Chapter 7 is a simple and
inexpensie tool for screening highisk individuals. This has the potential to generate significant
population health benefits in Saudi Arabia, where 43% of cases identified from the population
survey were unaware of their condition. To my knowledge, this is itis¢ $audi study to use

administrative region for predicting undiagnosed T2DM andgabetes.

Fifth, the study explored the most important predictors of controlled diabetes and the relationship
between lifestyle patterns and SES. The findings clearbraned the importance of a patient's

place of residence place in determining control of diabetes.

Although this study has produced interesting findings with particular relevance to Saudi Arabia,
several limitations should be notedkirst, the crosssectbnal study design limited its ability to
identify association between education level and diabetes outcoamsvell asother factors.
Second,high missing data rates and inaccurate Hb1Ac values affected my ability to measure
diabetes outcomes and hence the key estimate of diabetes prevalence. Additionally, the monthly
household income variable was badly affected by missing data. The availahitigastired blood
sugar values would have significantly improved the dataset and enabled a better understanding of

the factors behind the high burden of diabetes.

The study sample was based on Saudi citizens only and excluded individuals living in the Tabuk
region. This was due to the high frequency of missing HbAlc values from this region in the SHIS
database. Therefore, the findings of this study were carinpletelynationally representative due

to the omission of thé& abuk region.

Third, some lifestyle vaables such as physical activity and diet relied on the household
questionnaire and were based on sadported questions that are likely to be sensitive to a social
desirability bias. This limited my ability to analyse and understand the differencé®stylé
patterns betweensociceconomicgroups. Fourth, | assumed a linear trend for the projected
increase in T2DM prevaleneéhen addressinghe second research question. The diabetes trends
used in this study were from total populatidifetablesand pulation projections, which may lead

to error in the estimates for prevalence and number of cases.
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In terms of population estimated,used the Saudi total populatiolifetable and assumed this
applied to the Saudi national population. In additibassumed that the 2016fetable (the most

recent available from the WHO) is applicable to 2017 and 2018. Furthermore, the future projection
of T2DM prevalence only covered the Saudi national population due to the lack survey data relating

to diabetes trendamong nonnationals.

Fifth, the diabetes diagnostic criteria used differed from thadgrevious prevalence estimates.

As a result, some cases might be classified differently due to changes in bk goint/threshold

and lead todifferences in absolute future estimates. However, it is important to highlight that this
study was not intended to provide an accurate estimate of the prevalence and number of people
with diabetes but rather to predict the scale of the increase in prevadeand potential for societal
impact. Without access to longitudinal data, the risk model can only detect association with disease

prevalence as it cannot identify incident cases in individuals.

Sixth, health care access factors such as hospital typehaadth care provider were based on the
household questionnaire and were thus sedported, which might introduce bias in the analysis
described irChapter 6Seventh there was no other Saudi population data set available with which
to externally validatethe prediction risk score model described @hapter 7 Moreover, our
databaseadid not includewidely usedpredictors such as waist circumference, and the family history
of diabetes variable had missing values. The risk models were limited by the fatiglséudy used
only one measure ahe gold standard for participants. Other datasets that may have been useful
are not in the public domain for analysis, such as the Saudi World Health SurveyaBljisr the
analysis described i@hapter 8 the samje size was small, not nationatlgpresentativeand likely

biased by differences between those who completed the all the questions and those who did not.

9.4  Policy implications and recommendations

The research described in this thesis has focused on the socioeconomic, geographical and
behavioural factors associated with T2DM outcomes. It is my hope that this will contribute to a
better understanding of the risk factors associated with T2DM in thgdém. To date, studies on
T2DM in Saudi Arabia have mainly concentrated on demographic and fekitéd factors, and

few have included education level and region as key factors as discussed in Chapter 2. This thesi

has several policy implications anlist a number of key recommendations here.
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As extensively discussed@hapter 5 my findings clearly point to the significance of education level

as a factor influencing the prevalence of T2DM, conditioned by other risk predictors such as age,
employment status, administrative region, and obesity. The results clearly indicate that education
level, age, employment status, obesity and region have significant association with the prevalence
of T2DM in Saudi Arabia. The national diabetes prevention antta@rogram should therefore
focus on individuals in older aggoups, those with high BMI, students and individuals who live or
have lived in lived in highsk regions as | identified these as key factors contributing to the
association between educatn level and T2DM. In addition to such a targeted approach, there is
also an urgent need for comprehensive policy interventions covering the whole population with a
view to disease prevention and increasing awareness of T2DM. Promoting intervention within
school, university, and workplaces is important to modify behaviour, especially with respect to
nutrition education and exercise programs regardless of redi®adran and Laher, 2012)
Furthermore, the policies and programme interventions should considgr hsk groups defined

by employment statusBMI,and administrative region.

This chapter also developed a Saudi Arabian projection for T2DM over the next ten years. This
showed that the prevalence of the disease will be will increase steadily in botls rmatefemales
across most age groups. This has profound implications for public health policy in Saudi Arabia,
requiring an urgent response at national level to plan and implement strategies aimed both at
disease prevention and at reducing the impact of tfisease. Policy makers will need additional
databases and modelling frameworks for accurate projections of diabetes prevalence to guide
health policy and decisiemaking. | therefore recommend that future projections of T2DM
prevalence should take accounf employment status, obesity, age, and regional variation. Overall,
the chapter provides Saudi health policy makers with reliable estimates of the extent of the T2DM
problem. These can act as benchmarks against which to measure the effect of targeted
interventions to reduce the high prevalence of diabetes in Saudi society and blunt the impact of

these projections.

In Chapter 61 presented evidence for an association between T2DM diagnosed status and

education level after adjusting for demographic, regibnand health care access factors. My

findings indicate that age and monthly household income are important factors influencing the

diagnosis of T2DM. This implies that intervention programmes should target alldsroiagraphic

groups, especially youngage groups and those with low household income as they are at highest

risk of having undiagnosed diabetes. | discussed the importance of supporting a nationwide

population health campaign focused on early diagnosis ofdpbetes and diabetes, includitige
AYGNRRAzZOGAZY 2F | WLINRRAzOS G22tQ (2 KStLI AYRAQGARdZ

the prototype screening tool that | have developed based on a combination of predictors could be
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applied to reduce the incidence of T2DM in Saudi Arabiaugh the identification of highisk

individuals.

In Chapter 7 the two main outcomes were 1) T2DM, both diagnosed and undiagnosed, defined by
Hblac levels or 2) prediabetes, defined by a lower rang®a@fd cut-off values. Most previous
studies casidered only diagnosed diabetes; however, | chose to develop separate prediction
models for both undiagnosed diabetes and prediabetes to identify not only individuals at increased
risk of undiagnosed diabetes, but also those at high of going on to deelop diabetes i.e.
individuals with prediabetes. Findings from this chapter indicate that having undiagnosed diabetes
is significantly associated with age, BMI, and region. In addition to these predictors gender and
hypertension also show association witindiagnosed praliabetes. My conclusion is that used
appropriately, a combination of these predictors could play a key role in the early detection of

diabetes.

Findings fromChapter 7 clearly identify an important effect of place of residence on the
identification of undiagnosed T2DM casdatroduction of regular screening will therefore be
essential to reduce the number of individuals with undiagnosed T2DM. The early identification of
high-risk individuals is of critical importance to deflect progressio T2DM and the onset of its
expensive and debilitating complications. This screening should not be restricted to primary health
care and hospitals. Screening centres should be readily accessible in public places such as school
universities, shoppingentres, and supported by a National information campaign to promote

awareness.

Implementation of a screening programme should commence with pilot studies in each region
stratified by nationality to ensure that they are representative. However, it may loessary to
develop regiorspecific prediction models due to variation in socioeconomic status and
urbanisation level. Furthermore, model development has revealed the importance of using
standardised cubff points for'O® 6 values defining preliabetesor confirmed T2DM to ensure
consistency of findings between populatio&sich a twepronged T2DM prevention program based

on health prevention and targeted screening would need to consider the impact of regional

variation on diagnosis of T2DM observedhis study.

Finally,Chapter 8explored the association between education level and control of diabetes
highlighting the importance of administrative region, and the role of medication and behavioural
modification strategies. My findings show that the kesyvironmental and lifestyle factors that
impact on T2DM prevalence vary according to the socioeconomic status of a region. It follows that

some regions may benefit more from intervention programs. For example, the Southern region
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appeared to be most in nekof extra interventions such as patient education programs, increased

investment in public sports facilities, and campaigns and/or fiscal policies promoting healthy diets.

A key recommendation is therefore that future research should address in mor# thetaegional
effects of socioeconomic factors on lifestyle patterns in Saudi Arabia. This would enable
programmes of improvement in environmental and lifestyle factors to be targeted by region (as
described above for the Southern region). However, diility to devise appropriate strategies is
hampered by the limited availability of data on dietary patterns and the causes of physical inactivity
at community level. Any national initiative must be flexible enough to take account of important
differences m context at the regional and community level. Such approaches have proved an
effective alternative to dietary advice in the UK and @S#rman et al., 2006, Burr et al., 20@nd

the UAE Ministry of Health has recently adopted such measures through the imposition of a tax on
high fat foods and soft drink% Recently, the MOH drove a change in Saudi national petciing

to the introduction of a 50% sugar tax on all sugary drinks fréiecember 2019.

Overall, the thesis offers new insights that will aid Ministry of Health planners to consider regional
variation across the Kingdom. Further research shouldesfdithe impact of socioeconomic factors

in each region and variation in lifestyle patterns across Saudi Arabia. These studies should examine
specialised T2DM clinical services and healthcare access. In parallel, and as a high priority, the MOH
should devedp a policy for diet and physical activity that encourages behavioural change. As part
of such initiatives, a particular priority should be awareness programmes targeted at the less well
educated group as they are at particular risk of T2DM. Finally, tiaegeted interventions should

be in addition to, rather than replacing, nationwide campaigns promoting healthier lifestyles for all.

9.5 Potential area for future research

The work described in this thesis hrassedseveral questions and lines of enquihat merit
further investigation. In the current study, | investigated the association between education level
and the prevalencejiagnosisand control of T2DM based on nationwide data. The findings show
the importance ofsociceconomicfactors at both idividual and regional levels, and these should

be further explored in future national surveys.

62 Arab Health Market Series (2018) Diabesity, the Pulse: ninth Edition. Availaigst/www?2.colliers.com/enr
AE/Research/Dubai/Diesity-Arab-HealthMarket-SeriesThe Pulse9th-Edition(Accessed 20 December 2018)

63 https://www.arabnews.com/node/1106726/businessconomy; http://saudigazette.com.sa/article/583496
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Comparable national surveys in higfltome developed or developing countries have
pointed to the value of stratifying populations basedsmticeconomiccriteria. As well as a more
comprehensive analysis of such factors, future surveys should aim to be more comprehensive,
including Saudi nenationals and information on ethnicity. One measure of the importance of this
is the recent growth in the number of nemational workers from South and Southeast Asia in the
country, as theyhave an inherently highetsk of developing T2DNDe BelAir, 2014) Future
research should also address the variation in the quality of healthcare for each region, as the
present study could not disentangle health care access factors from demogrspti@economic
and environmental factors due to lack of data and snaathgle sizes. In particular, further research
into the impact of access to health care and employment status on the risk of undiagnosed and
diagnosed T2DM could help refine the predictive model and give insights into policy improvements,
as would investigang the effect of the nofSaudi population on the validity of the model. A
limitation of the current study is the lack of independent population data with which to validate the
prediction models. It would therefore be useful to establish collaboration otitler GCC countries,

with similarsociceconomiccharacteristics, in order to externally test the models.

Finally, place of residence has a significant influence on lifestyle patterns and the likelihood of
developing T2DM, failure to achieve a timely diagjs or failure to achieve adequate control of
blood glucose levels. Spatial analysis of risk factors on a regional and community level could
therefore be valuable in developing appropriate and effective strategies for the reduction of T2DM
diabetes in tle country. It would be interesting design a translational research program around

pilot behavioural interventions based on diet and physical activity in regions identified as deprived.

9.6 Conclusion

T2DM is a major public health concern in Saudi Arabiadbatands a correspondingly large
response from individuals and the health care system. The work described in this thesis has
confirmed the significance of the relationship between education level and prevalence of diabetes.
It has also identified the soeceonomic and lifestyle factors that play a critical role in the pathway
connecting education level and the prevalence of T2DM. The increasing prevalence of diabetes and
rooted in the growing socioeconomic gap is now an essential issuediodi Arabigandthis study
is one of the first attempts tdorecast T2DM prevalence ihe country. My data shows that,
without significant government intervention, the burden of diabetes will increase significantly over
the next ten years, and thabaudi Arabiavill remain among the top ten countries for diabetes

prevalence worldwide. Recent Saudi studies have updated estimaté2@#M prevalenceMy
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estimates are slightly lower than these but are consistent with the global diabetes projections from

the International Dibetes Federation.

My expectation is thatwithout significant intervention,ageing and other demographic
changes will interact with increases in development, urbanisation and lifestyle changes, adding still
further to the already high burden of diabetehi¥ thesis has also shown that age and monthly
income arethe most important risk factors foindividual beingdiagnosed T2DMnce it has been
developed Furthermore, this thesis was successful in developing prediction risk models for
undiagnosed T2DM and poiabetes. This aspect of the work identified age, body mass index, and
region as the most significant predictors for undiagnosed T2DM. The mosttamppredictors of
the composite outcome of undiagnosed T2DM/patiabetes are age, body mass index, region,
gender,and hypertension. The work presented in this thesis shtivat the most important
predictors for controlhg the diabetes outcome are admistrative region, prescribed diet and
taking medication. In addition, my analysis revealed associations between prescribed diet and
administrative region, working status and regular hetasting for bloodsugar. This analysis also
indicated that educatiorievel, gender, and working status are important predictofghysical

activitylevelin Saudi Arabia.

Overall, the most obvious finding to emerge from this analysis is that administrative region is a key
factor influencing the prevalencealiagnosisand control ofdiabetes inthe Saudi population. This
highlights the need for a national T2DM strategy thsttailored to regional requirements,
supported by a comprehensive regulatory framewdrkiswill require political social,and cultural
changesLimitedinformationis available on future trends for diabetes prevalence in Saudi Arabia,
howeverthe estimates from my modelling are that the epidemic of T2DM will continue to grow
with profound implications for the healthcare budget and population selhg. It will be
important to conduct a regular national survey in order to monitor the trajectory of disesnd

gain a better understanding of how the risk factors for the disease interact. The findings of this
thesis underline the importance of urgent action by government to deflect the societal impact of

the currentseeminglyinexorable rise ithe prevalerce of T2DM in Saudi Arabia.
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Question Response Variable name

Module 2: Selected adult questionnaire for full survey

Section 1: Sociodemographic information

Sex (Record Male / Female as observed) Male=1 Sex
Female=2

How old are you? Age, in years=1 Specify in open text fi Age
52y Qi |

Decline to respond=8

What is the highest level of education you haenpleted? I'FyQi NBI Education level
Can read and write=;

Primary school completed—
Intermediate school completed=|
High school completed=|
College/University completed
Post graduate degree=
Technical training=

52y Qi |

Decline torespond=88

What is your marital status? Never married =] Marital status
Currently married=1
Separated=3
Divorced=4
Widowed=5,

52y Qi |
Decline to respond=8

Which of the following best describes your main work status over the paj Government employee= Working status
months? Non-government employee=
Selfemployed=3

Nonpaid=4

Student=5|

Homemaker=¥§

Retired=7

Unemployed (able to work)=
Unemployed (unable to work)=|
52y Qi

Decline to respond=8

Can you give aestimate of the monthly household income if | read some Household monthly
options to you? Less than 3000 Riyal3 income (HMI)

3000 Riyal to less than 5000 Riya|

5000 Riyal to less than 7000 Riya

7000 Riyal to less than 10000 Riya]

10000 Riyal to less than 15000 Riyal

15000 Riyal to less than 20000 Riyal

20000 to less than 300004

30000 Riyal or more=

Don't Know=77

Decline to respond=8
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Decline to respond=88 If Decline to respond, go to tobacco_age_ st

Question Response Variable label

Section 2: Tobacco Use (Smoking)

Have you ever smoked any tobacco products, such as Yes=1 Smokng status

cigrettes, cigars, pipes or Shisha? No=0 If No, go to tobacco_smokeless One variable of smoking habit will be recods
52yQi (y2eélftT LT 52yQi {y2ssx 3| intothreecategories: currently, esmoker,
Decline to respond=88 If Decline to respond, go to tobacco_smokel( never

Do you currently smoke any tobacco products, such as Yes=1 The interaction between both question coul

cigrettes, cigars, pipes or Shisha? No=0 If No, go ttobacco_age_start be highlighted the exsmoker category (yes
52yQi ly26rFTT LF 52yQi ly26s 3 *+No)

Never (No+No)
Current (es+yes)

Section 3: Diet

In a typical week, on how many days do you eat fruit?

Number of days=1; Don't Know=77; Decline to respond=88

In a typical week, on how many days do you
eat fruit?

How many servings of fruit do you eat on one of thdsgs?

Number of servings=1
Don't Know=77
Decline to respond=88

How many servings of fruit do you eat on on
of those days?

In a typical week, on how many days do you eat vegetable

Number of days=1
Don't Know=77
Decline to respond=88

In a typicalveek, on how many days do you
eat vegetables?

In a typical week, on how many days do you eat fruit?

Number of days=1
Don't Know=77
Decline to respond=88

In a typical week, on how many days do you
eat fruit?

How many servings of vegetables do you eabog of those
days?

Number of days=1
Don't Know=77
Decline to respond=88

diet_vegetables_servings

In a typical week, on how many days do you eat red meat?

Number of days=1
Don't Know=77
Decline to respond=88

(diet_redmeat)

How many servings of redeat do you eat on one of those
days?

Number of days=1
Don't Know=77
Decline to respond=88

(diet_redmeat_servings)

In a typical week, how many days do you eat poultry meat
(including chicken)?

Number of days=1
Don't Know=77
Decline torespond=88

diet_poultry

How many servings of poultry meat (including chicken) do
eat on one of those days?

Number of days=1
Don't Know=77
Decline to respond=88

diet_poultry_servings

In a typical week, on how many days do you eat processe(
meats suchas sausage, or other packaged cold cuts, ..?

Number of days=1
Don't Know=77
Decline to respond=88

(diet_procmeat)

How many servings of processed meats do you eat on ong
those days?

Number of days=1
Don't Know=77
Decline to respond=88

diet_procmeat_servings

In a typical week, how many days do you eat other procesy
foods, such as fast foods, canned foods, packaged entree
soup?

Number of days=1; Don't Know=77; Decline to respond=88

diet_procfood

How many servings of other processfoods do you eat on
one of those days?

diet_procfood_servings

In a typical week, how many meals do you eat that were n(
prepared at a home? By meal, | mean breakfast, lunch anc
dinner.

diet_meals_out

In a typical week, on how many days do ygai fast food?

(diet_fastfood)

What do you think about fast food?

Healthy food=1; Not healthy=2; Don't Know=77; Decline to respond|

diet_fastfood_healthy

276



Appendix A

Question Response code
Section 5: Physical activity
Recreational activities:
Doyoudo anyvigoroud y i Sy aAié &LRNIZ FAGY S{vYes=1 (rec_vigactivity)
No=0 ; If No, go to rec_modactivity
52y Qi 1y26rtT T LT 52yQi

Decline to respond==88 ; If Decline to respond, go to
rec_modactivity

In a typicaweek, on how many days do you do vigordnignsity sports,
fitness or recreational activities?

Number of days=1; Don't Know=77; Decline to respond

(rec_vigactivity_days)

How much time do you spend doing vigorangensity sports, fitness or
recreational activities?

Hours per day=1

Specify in open text field
Minutes per day=2

Specify in open text field
52y Qi lyz2srTT
Decline to respond=88

(rec_vigactivity_time)

Do youdo any moderateh y (i Sy aAde aLBR2NII FALGY Y

Yes=1
No=0 If No, go to P16
52y Qi 1y26rTtt LT 52yQi |

Decline to respond=88 If Decline to respond, go to P 1§

(rec_modactivity)

In a typical week, on how many days do younttmderateintensity sports,
fitness or recreational activities?

Number of days=1; Don't Know=77; Decline to respond

(rec_modactivity_days)

How much time do you spend doing moderagensity sports, fitness or
recreational activities?

Hours per day=1Specify in open text field
Minutes per day=2 ; Specify in open text field

(rec_modactivity_time)

52y Qi 1y26rtT71T 5S0ftAyS (2
Sedentary behaviour:
How much time do you usually spend sitting or reclining on a typical day| Hours per day=8pecify in open text field (sitting)

Minutes per day=2 Specify in open text field
52y Qi 1y26rTT
Decline to respond=88

In a typical week, how much time do you usually spend in front of the
television or on the computer?

Enter number ohours
52y Qi (yz2erlTT
Decline to respond=88

(tv_comp_time)

Section 6: Access to and utilisation of health care

In what year did you last visit a doctor or other health professional for a
routine checkup?

1=Enter year (YYYY): _Specify in open text field
bhplrbSGHSNIT 7152y Qi 1y26T

Checkup routine year

How far away was the facility you attended from your home?

1=Enter distance (km): ___ Specify in open text field
TTIF52y Qi 1y26T yyrs580taAay§

Checkup distance

How long did it take you to get there?

1=Enter number of hours: ___ Specify in open text field
2=Enter number of minutes: ___ Specify in opext field
TTI52y Qi 1y26T yyrs5S0ftaAy§

(hc_checkup_time)

What was the type of the hospital that you last visited for medical attenti
for any reason?

Governmental(MOH)=
National Guard=}
Armed Forces=
Military hospital=4
Privatehospital=5
Other =6

52y Qi |
Decline to respond=8

Hospital type

In what year did you last visit a hospital for medical attention for any reag

1=Enter year (YYYY): Specify in open text field
995=| have never been to a hospital for medicédiation.
If Never, go to hc_clinic_yr

T 1T 52y Q88=Dgfir to Tespond
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Decline to respond=88

Question Response Variable label
Section 8: History of chronic conditions
Diabetes mellitus:
Have you ever had your blood sugar measured by a doctor or other professional| Yes=1 Blood_sugar_meaured
No=0
52y Qi lyz2slTT

Has a doctor or other health professional ever told you that you had diabetes
mellitus, otherwise known adiabetes, sugar diabetes, high blood glucose, or high|
blood sugar?

1=Yes

2=Yes, but only during pregnancy (skip to # /
predm)

0=No (skip to # / predm)
ATTIS52yQi1y26 6a1AL) (2
88=Decline to respond (skip to # / predm)

Dm_diganosed

What type of diabetes do you have?

®1=Type 1
2=Type 2

BTTFL R2yQi
88=decline to repond

1yz2é

Diabetes type

How old were you when you first receive this diagnosis?

1=Enter age: Specify in open text field
ATTIr52yQd 1y26
88=Decline taespond

Age

In what year did you first receive this diagnosis?

Enter year (YYYY): Specify in open field
ATTIr52y Qi 1y26
88=Decline to respond

Year of first diagnosed

During the past 30 years, or since your diagnosis, have youaker mediation for
this condition?

1=Yes, currently taking medication

2=Yes, previously took medication, but not
currently

0=No, never took medication
ATTIr52yQd 1y26
88=Decline to respond

Medication

In the last month, did you visitghysician or other health professional for the ,SarmT b2rn T 52y Qi 1Y (dm_management)

management of your diabetes? respond=88

Insulin ,SarmT b2raT 52y Qd 1Yy 4 (dm_insulin)
respond=88

Drugs(medication) that you havaken in the past two weeks ,8armT b2raT 52y Qd 1Yy g (dm_medications)
respond=88

Special prescribed diet ,S8arvT b2raT 52y Qi 1Y 2 (dm_diet)
respond=88

Have you ever seen a traditional healer for diabetes or raised Hagdr? Yes=1b 2 T'nT 52y Qi 1y26T0 1 1 (dm_healer)
respond=88

Are you currently taking any herbal or traditional remedy for your diabetes? ,8armT b2rnT 52y Qd 1Y 4 (dm_herbalmed)
respond=88

Do you test your blood sugar home? ,S8armT b2raT 52y Qid 1y 4 (dm_bloodsugar_home)
respond=88

Is there a family history of diabetes, do your parents, children, brothers or sistersl, S&T'mMT b2TnT 52y Qd 1y g (dm_fmhx)

suffer from diabetes? respond=88
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Pre-diabetes

Question response code Variable label
Has a doctor or other health professional ever told you th{ @ 1=Yes (predm) Predm_diagnosed
you had prediabetes mellitus, otherwise known as pre 2=Yes, but only during pregnancy
diabetes, borderline diabetes, impaired fasting glucose, 0=No

impaired glucoséolerance, or impaired sugar tolerance?

BT TIF52yQiily2s
88=Decline to respond

In what year did you first receive this diagnosis?

Enter year (YYYY):
ATTr52yQily26
88=Decline to respond

Specify in opahtiet

(predm_dx_yr)

Hypertension (blood pressure):

Has a doctor or other health professional ever told you thj
you had hypertension, otherwise known as high blood
pressure?

1=Yes

2=Yes, but only during pregnancy (skip to # / hce
0=No (skip to # / hce)
BTTIF52yQily26 o6&1AL) (2
88=Decline to respond (skip to # / hce)

bloodpressure

Bloodpressure_diagnos
d

Module 2, part 2: Selected Adult Physical measurements

Secton 1: Anthropometry

Height measurement:

pe_heightheight

Height (in centimetres):

(pe_heightcm)

Weight measurement:

pe_weightwieght

Weight (in kilograms):

(weightkg)

Section 2: blood pressure readings

Blood pressure reading Systolic blood pressure Diastolic blood pressurg BP_reading
1 pe_bplsyssystolic pe_bp1ldiadiastolic | BP_readingl
2 pe_bp2syssystolic pe_bp2diadiastolic | BP_reading2
3 pe_bp3syssystolic pe_bp3diadiastolic | BP_reading3

Module 4: Selected adultiochemical measurements

Section 2: blood glucose

HgbAlc

Enter HgbA1C (%): Specify in open text field
HgbA1C not measured=0

blood_hgbalcB6

HbAlc_measured

Total cholesterol

Enter total cholesterol (mmol/L): Specify in open te
field

Totalcholesterol not measured=0

blood_totcholesterolB9

Total_cholesterol

Triglycerides Enter triglyceride (mmol/L): Specify in open text fiell  blood_triglycerides triglycerides
Triglycerides not measured=0

HDL Enter HDL (mmol/L): Specify in open text field blood_hdl High_density_lipoprotin
HDL not measured=0

LDL Enter LDL (mmol/L): Specify in open text field blood_IdI Low_density_lipoprotin

LDL not measured=0
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Screening for T2DMThe clinical spectrum of diabetes ranges from-lisk through tohigherrisk individuals o
to the symptomatic patient who needs immediate treatment.

w {ONBSYyAy3 FT2NJ RAIF6oSGSa AYLXASAE GSadAay3a F2N RA
their condition.

w { ONBSyAy3 T2 N cRidividuddiaSircreasddfrigk fol dialie®s (edlialftes) or individuals
less severe states of dysglycemia who may still be at risk for T2DM.

w {ONBSyAy3a adNIrGS3aAsSa GINE | O02NRAY3I (2 K Seveit
progression of prediabetes to diabetes and/or reduce the risk of complications associated with diabetes.

w ¢KS INRGAYI AYLERNIIFIYyOS 2F RAI0SiSa aONBSyaiy3
diabetes andprediabetes.

w ¢2 0SS STT S 0Odas¢dBSeEningteduldes Widec@vgfage with the goal of early identificatior
subsequent intervention to reduce morbidity and mortali¢?.15)

Recommendations:
R1:All individuals should be evaluated annually for T2DM risk based on demographic and clinical criteria (

R2:Screening for diabetes using FPG and/or A1C should be performed every 3 years in individuals >4(
age.Individuals at high risksing a risk calculator may require more frequent and/or earlier testing.

Individuals with either FPG and/or A1C or 2hPG in a 75 g OGTT should be considered at very high risk t
calculator or in people with additional risk factors for diabetes/éL€- Level B).

R3:Testing with 2hPG in a 75 g OGTT should be undertaken in individuals with FP@mineol/L(100125mg/dl)
and/or A1C 5.796.4% in order to identify individuals with diabetes (Level C). (p.16)
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Prevention and management of diabetetntensive and structured lifestyle modification that resultdass of
approximately 5% of initial body weigban reduce the risk of progression from impaired glucose tolerant
T2DM by almost 60%.

1 Progression fsm prediabetes to T2DM can also be reduced by pharmacologic therapy with metformir
reduction), acarbose (30% reduction).

1 Preventing T2DM would result in significant public health benefits, including lower shtssdiovascula
diseases (CVD), renal failure, blindness and premature mortality.

1 Primary approaches to preventing diabetes in a population include tbéowing:

1. Programs targeting highsk individuals in the community (such as those with impaired glucose tole
[IGT] or obesity)

2. Programs targeting highisk subgroups of the population, such as higtk ethnic groups.

3. Programs for thegeneral population, such as those designed to promote physical activity and h
eating in adults or children. (p.17)

Recommendations:

R1:A structured program that emphasises life style changes that include moderate weight loss (7% body
and regular physical activity (150 min/week), with dietary strategies including reduced calories and r
intake of dietary fat; limiting intakedf sugarsweetened beverages can also reduce the risk for develc
diabetes (level A).

R2: Metformin therapy for prevention of type 2 diabetes may be considered in those with IGT, IFG, or
0f5.7¢6.4%, especially for those with BMI >35 kg/m2, ageédears, and women with prior GDM (level A) (le
C).

R3:At least annual monitoring for the development of diabetes in those with prediabetes is suggested (L
(Level B).

R4:Screening for and treatment of modifiable risk factors for CVD is suggé€pt&8)
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Monitoring Glycaemic Control

wGlycated haemoglobin (A1C) is a valuable indicator of treatment effectiveness and should be measur
3 months when glycaemic targets are not being met and when diabetes therapy is being adjusted.

w !l NBySaa 27F | ft YSI ef-tmdilodng &f Blood GlécGse (SMBG) rEsults §nG)
provides the best information to assess glycaemic control.

w ¢KS FTNBIljdzSyde 2F {a.D akKz2dZ R 06S RSISNXAYSR
prescribed, the need for information 6 2 dziT . D t S@St&a FyR (KS AYyRA
testing to modify behaviours or adjust medicatio(s-19)
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Table C.1 Scenarios of sensitivity analysisased on all diabetes outcome (Odds ratios and 95%

confidence interval)

2 NJ

Education level Scenarios Model 1 Model 2
Low education Unweighted 4.032*** 1.795%**
(3.384- 4.804) (1.368-2.355)
Middle education 1.636*** 1.361%*
(1.354-1.978) (1.075- 1.724)
High education 1 1
Low education Lab weight 3.877*** 1.564
(2.953-5.092) (1.035-2.364)
Middle education 1.469%+* 1.374
(1.105-1.953) (0.950- 1.988)
High education 1 1
Low education New weight 3.944%** 1.648
(3.00%5.175) (1.093-2.483)
Middle education 1.338* 1.287
(1.001-1.787) (0.885-1.872)
High education 1 1
Low education Household weight 3.759%** 1.815***
(2.936- 4.814) (1.247-2.641)
Middle education 1.501%+* 1.448**
(1.157- 1.948) (1.036-2.023)
High education 1 1

Outcome variablé | f f

R Nd: (@), ¥ éis $13 ¥p<0.05 **p<0.01 ***p<0.0Mpdel 1: unadjusted;Model 2: adjusted by age, sex and marital
status, employment status and monthly household income; and Lifestyle factors (smoking, physical activity and BMI)
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9 First method:United Nations projection data

Appendix D

Table D.1- Projection prevalences fothe MALE population (202Q 2025¢ 2030)

Age 1992 2004 2010 2016 2017 2018 Average | 2015 | 2020 2025 2030
growth

0-4 84.4 82.7 74.1 79.8 79.4 79 0.37 77.9 78.3 76.5 74.6

5-9 85.3 84.5 75.2 75.3 74.9 74.4 0.42 73.2 73.6 71.5 69.4
10-14 | 87.6 86 78.3 76.7 76.4 75.9 0.4 74.7 75.1 73.2 71.2
15-19 | 89.2 87.7 82.1 79.2 78.8 78.4 0.36 77.4 77.7 75.9 74.1
20-24 67 71.8 70.3 78.8 78.5 78.1 0.37 77 77.4 75.5 73.7
25-29 | 40.4 53.7 53 57.6 57.2 56.6 0.53 55 55.5 52.9 50.3
30-34 34 44.5 45.4 48.3 47.9 47.2 0.54 45.6 46.2 43.5 40.8
35-39 | 346 42.2 43.8 35.8 35.4 34.9 0.49 33.4 33.9 315 29
40-44 36 44.6 43.3 334 32.9 324 0.47 31 315 29.1 26.7
45-49 | 473 48.1 49.6 36.4 35.9 35.4 0.49 33.9 34.4 31.9 29.5
50- 54 61 53.5 54.1 40.1 39.7 39.1 0.51 37.5 38.1 35.5 32.9
55-59 | 74.6 63.2 61.6 46.6 46.1 45.5 0.52 44 445 41.9 39.3
60- 64 86 76.2 73.3 54.1 53.7 53.1 0.52 51.5 52 49.4 46.8

65 + 92.5 89.3 86.9 75.7 75.3 74.9 0.36 73.9 74.2 72.4 70.6
Table D.Z; Projection prevalences for the REALE population (202Q 2025¢ 2030)

Age 1992 2004 2010 2016 2017 | 2018 | Average | 2015 | 2020 2025 2030

growth

0-4 84.5 83 74.8 80 79.6 79.3 0.37 782 | 786 76.7 74.9

5-9 85.4 84.9 78 75.5 75.1 74.7 0.43 73.4 | 738 71.7 69.5
10-14 | 875 87.3 82.2 77.2 76.8 76.4 0.4 752 | 75.6 73.6 71.6
15-19 | 89.3 85.4 85 79.8 79.4 79 0.37 779 | 783 76.5 74.6
20-24 | 835 83.1 83.5 82.1 81.7 81.4 0.35 80.4 | 80.7 79 77.2
25-29 | 744 74.5 76.6 69.2 68.7 68.3 0.47 66.9 | 67.3 65 62.6
30-34 | 586 68 71.5 67.2 66.6 66.2 0.49 64.7 | 65.2 62.8 60.3
35-39 | 66.4 72.4 71 58.1 57.5 57 0.53 55.4 56 53.3 50.7
40-44 | 721 75.4 74 55.9 55.3 54.8 0.55 53.2 | 53.7 51 48.2
45-49 | 815 79.2 79.6 66.1 65.6 65.1 0.5 63.6 | 64.1 61.6 59.1
50-54 | 86.5 82.1 81 80.5 80.2 79.8 0.36 788 | 79.1 77.3 75.6
55-59 90 87.6 83.9 82.8 82.4 82.1 0.32 81.1 | 815 79.8 78.2
60-64 | 90.1 90 86.5 83.2 82.8 82.6 0.32 81.6 | 819 80.3 78.8

65 + 92.6 92.9 89.5 88.2 87.9 87.7 0.22 87.1 | 873 86.2 85.1
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1 Projected Saudi population in three timeframes

Table D.3 Projectedpopulation of Saudi males

Age 2015 2020 2025 2030
25¢ 29 844,013 919,498 830,033 794,972
30¢ 34 821,217 910,430 859,091 750,340
35¢ 39 694,831 707,868 637,335 592,981
40-44 568,349 687,728 556,779 518,280
45¢ 49 461,712 633,728 623,953 522,294
50¢ 54 381,724 490,964 585,026 576,809
55¢ 59 289,684 418,673 505,805 586,777
60¢ 64 220,511 310,674 434,743 524,053

65 + 375,838 537,091 775,139 1,128,477

total 4,657,879 5,616,654 5,807,904 5,994,983

Table D.4 Projectedpopulation of Saudi females

Age 2015 2020 2025 2030
25¢ 29 858,752 919,301 762,181 721,637
30¢ 34 843,798 918,434 889,212 733,625
35¢ 39 725,389 724,303 755,035 720,646
40-44 562,777 677,299 646,878 669,387
45¢ 49 462,190 651,743 754,640 733,610
50¢ 54 409,930 535,423 758,714 907,078
55¢ 59 268,600 392,532 521,307 750,625
60¢ 64 213,018 255,849 372,034 495,594

65 + 395,851 506,060 634,235 858,246

total 4,740,305 5,580,944 6,094,236 6,590,448
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Table D.X Projected population ofSaudi populations Al

Age 2015 2020 2025 2030
25¢ 29 1,702,765 1,838,799 1,592,214 1,516,609
30¢ 34 1,665,015 1,828,864 1,748,303 1,483,965
35¢ 39 1,420,220 1,432,171 1,392,370 1,313,627
40- 44 1,131,126 1,365,027 1,203,657 1,187,667
45¢ 49 923,902 1,285,471 1,378,593 1,255,904
50¢ 54 791,654 1,026,387 1,343,740 1,483,887
55¢ 59 558,284 811,205 1,027,112 1,337,402
60¢ 64 433,529 566,523 806,777 1,019,647
65 + 771,689 1,043,151 1,409,374 1,986,723
Total (N) 9,398,184 11,197,598 11,902,140 12,585,431

1 Second method: Survivorship ratio calculations for Mortality Cohort Component projection

Table D.6 Saudi male populatiorsurvival ratios
Age 2018 2023 2028
15-19 926156 SR number
20-24 | 1072129| 24-20 | 0.993295| 919946.6 SR number
25¢29 | 996017 | 29-25 | 0.994798| 1066551 | 29-25 | 0.994798| 915160.7
30¢34 | 896790 | 34-30 | 0.996716| 992745.6| 34-30 | 0.996716| 1063048
35¢39 | 786779 | 39-35 | 0.996084 | 893278.1| 39-35 | 0.996084| 988857.9
40-44 665841 | 44-40 | 0.993197| 781426.7| 44-40 | 0.993197| 887201.3
45¢49 | 559539 | 49-45 | 0.989852| 659084.1| 49-45 | 0.989852| 773496.9
50¢54 | 446271 | 54-50 | 0.983808| 550478.8| 54-50 | 0.983808| 648412
55¢59 | 348081 | 59-55 0.9734 | 434400.4| 59-55 0.9734 | 535836.2
60¢64 | 252157 | 64-60 | 0.941985| 327887.2| 64-60 | 0.941985| 409198.8
65 + 425553 65 + 0.729181| 494173.6 65 + 0.729181| 599431.5
5377028 6200026 6820644
SR = Survivorship Ratio
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Table D.7- Saudi female populatiorsurvival ratios

Age 2018 2023 2028
19-15 894846 SR number
24-20 980185 24-20 | 0.997451 | 892564.6 SR number
29-25 975252 29-25 | 0.997445 | 977680.2 | 29-25 0.997445 | 890283.7
34-30 881961 34-30 | 0.997511 | 9728246 | 34-30 0.997511 | 975246.8
39-35 768617 39-35 | 0.996355| 878746 39-35 0.996355 | 969278.4
44- 40 641244 | 44-40 | 0.993702 | 763776.1| 44-40 0.993702 | 873211.5
49-45 529550 | 49-45 | 0.990926 | 635425.6 | 49-45 0.990926 | 756845.9
54-50 421928 54-50 | 0.985788 | 522023.8 | 54-50 0.985788 | 626394.6
59-55 319715 59-55 | 0.977144 | 412284.3 | 59-55 0.977144 | 510092.3
64- 60 235932 64-60 | 0.956749 | 305886.9| 64-60 0.956749 | 394452.5
65+ 445609 65 + 0.757712 | 516411.6 65 + 0.757712 | 623065.2
total 5219808 5985059 6618871
SR = Survivorship Ratio
Table D.8 Saudi total populationsurvival ratios
Age 2018 2023 2028
15-19 1821002
20-24 2052314 1812511
25¢ 29 1971269 2044232 1805444
30¢ 34 1778751 1965570 2038295
35¢ 39 1555396 1772024 1958136
40- 44 1307085 1545203 1760413
45¢ 49 1089089 1294510 1530343
50¢ 54 868199 1072503 1274807
55¢ 59 667796 846684.7 1045929
60¢ 64 488089 633774.2 803651.3
65 + 871162 1010585 1222497
N 10596836 12185085 13439515
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I internally validated the development model by using a sgdinple validation method.randomly

split the data into two parts: 60% (2,228) of the data as the development sample and 40% (1,575)
for the validation sample. For each sample of the databtained performance measures to
evaluate model development and validation by estimating &igC. In addition| evaluated the
overall prediction model performance by averaging the AUC estimates between two samples. The
performance othe validation sample is similar to the development sample with a minimal decrease
in the AUC value. The developnt sample contains 2,228 individuals of whom 232 (10.4) were
undiagnosed of type two diabetes. However, the validation sample contains 1,575 individuals of
whom 158 (10.0) were undiagnosed of type two diabetes. The performartbe afodelis shown

in the following table. The AUC dhe development modekhows aminimal increaseavith higher
sensitivity compared tthe validation model. However, both models have similar specificity values

0.62.

Table E.X Summary statistics for different prediction modelsased on model selection and performance
measures
Models observation AUC | Sensitivity | Specificity| Optimal | Youden | LR+ LR HL-c HL-p
cut-point index
Developme 2,228 0.67 0.67 0.62 -2.21 0.285 | 1.763 | 0.532| 13.02 | 0.1111
nt (60%)
Validation 1,575 0.64 0.62 0.62 -2.29 0.238 | 1.632 | 0.613| 14.09 | 0.0794
(40%)
S
g -
3 |
Q
ISE
o T T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity
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Figure E.X Receiver operating characteristics (ROC) curve showing performance of
development sample
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Figure E.2 Receiver operating characteristics (ROC) curve showing performance of
validation sample
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Table E.2 Comparison between prediction models based on different selection procedures and evaluation model measurements

Model predictors N BIC AlC AUC Sens Spec Cutpoint Youden HL-p HL-c
Household income classification without combine groups (8 groufds):Less than 3,000 Riyals; 2=3,000 Riyals to less than 5,000; 3=5,000 Riyals to less than 7,000; 4=7,000 Riyal4 @c0@8s5HE» 000 Riyals to less than
15,000; 6=15,00Riyals to less than 20,000; 7=20,000 Riyals to less than 30,000; 8= 30,000 Riyals or more
Without region Education +employment+ household income+ bmi + a¢ 3,085 2078.961 1946.206 0.6703 0.64 0.63 -2.2268 0.267 0.6049 6.38
Without Age Education +employment+ household income +bmi + 3,085 2082.402 1955.682 0.6577 0.73 0.52 -2.3296 0.244 0.5852 6.56
region
Without Region and| Education +employment+ household income +bmi 3,085 2067.644 1965.061 0.6406 0.67 0.55 -2.26307 0.217 0.7036 5.50
age
With region and Education +employment+ household income +bmi + 3,085 2092.365 1935.473 0.6853 0.67 0.63 -2.23674 0.300 0.1631 11.74
age age+ region
Age+ region+ household income +bmi 3,085 2049.08 1934.429 0.6764 0.65 0.63 -2.24958 0.278 0.0289 17.12

Household income classification with combine groups (four groups): Lo (ess than 3,000 Riyals; 2=3,000
Riyals to less than 15,000; 6=15,000 Riyals to less than 20}tig@gst(7=20,000

Riyals to less than 3yb@@ig: ( 3=5,000 Riyals to less than 7,000; 4=7,000 Riyals to
Riyals to less than 30,000; 8= 30,000 R

iyals or more)

less than 1(Gig®Q)5=10,000

Without region Education +employment+ household income+ bmi +a¢ 3,085 2055.734 1947.116 0.6628 0.66 0.60 -2.2466 0.259 0.8847 3.68
Without Age Education +employment+ household income +bmi + 3,085 2059.682 1957.099 0.6496 0.71 0.52 -2.313096 0.230 0.7841 4.75
region
Without Region and| Education +employment+ household income +bmi 3,085 2044.827 1966.381 0.6290 0.64 0.55 -2.19909 0.191 0.5684 6.71
age
With region and Education +employment+ household income +btni 3,085 2069.311 1936.557 0.6775 0.68 0.59 -2.2615 0.277 0.8401 4.18
age age+ region
Age+ region+ household income +bmi 3,085 2025.367 1934.853 0.6686 0.55 0.71 -2.07397 0.266 0.8783 3.76
Without individual socioeconomicfactors
Age+BMI+Region 3,085 2008.598 1936.186 0.6653 | 0.62 0.66 -2.149398 0.277 14.47 0.0702

291




Appendix F

Appendix i NERAOUA2Y Y2RS{mRXEH

~

7

~A

BagRAI Iy 24

SR

TableF.1- Summary statistics for different prediction models based on modelection and performance measures

LING

Model predictors Observations BIC AIC AUC Sensitivity | Specificity | Cutpoint Youden index HL-p
1 Age + Sex + BMI+ HTN 3,682 4250.18 4181.85 0.6330 0.66 0.55 -1.059 0.204 0.3047
2 Age + Sex + BMI 3,682 4246.95 4184.83 0.6315 0.60 0.59 -0.983 0.191 0.8679
3 Age + Sex 3,682 4253.72 4210.24 0.6147 0.65 0.53 -1.084 0.181 0.9941
4 Age + HTN 3,682 4252.89 4209.41 0.6170 0.65 0.53 -1.016 0.181 0.5805
5 Age +BMI 3,682 4741.59 4247.97 0.6274 0.65 0.54 -1.149 0.194 0.8554
6 Age + BMI +HTN 3,682 4249.78 4187.67 0.6300 0.63 0.57 -0.994 0.202 0.6759
7 Age + Sex +HTN 3,682 4255.45 4205.76 0.6177 0.68 0.50 -1.186 0.184 0.8723
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Table F.2 Risk factors and final development prediction modelr undiagnosed prediabetes

Risk factor Categories Odds Ratio [95% CI] i P-value Score
Intercept -1.359

Age 15-24 1 reference 0
25¢ 34 0.98[0.77, 1.25] -0.016 0.899
35¢44 1.46[1.15, 1.86] 0.378 0.002
45¢54 1.77 [1.36, 2.30] 0.569 0.000
55¢ 64 2.48[1.79, 3.42] 0.907 0.000
65+ 2.15[1.58, 2.91] 0.763 0.000

Sex Female 1 reference 0
Male 1.24[1.07, 1.44] 0.215 0.005

BMI Underweight 1 reference 0
Normal 1.79[1.07, 2.97] 0.579 0.025
Overweight 2.47[1.48, 4.10] 0.903 0.000
Obese 2.74[1.65, 4.55] 1.008 0.000

Hypertension No 1 reference 0
Yes 1.23[1.03, 1.47] 0.206 0.000

Table F.3 Confusion matrixfor undiagnosedpre-T2DM

True Disease Status (Gold standard = HbA1c)
Abnormal Normal Total
Test results Positive (+ve) TP =663 FP=1,214 1,805
(Predicted test) | Negative fve) FN = 345 TN = 1,460 1,877
Total 1,008 2,674 3,682

Abnormal: Undiagnosed (HbA2&5.7%); Normal: (HbAlc < 5.7%); Positive:-point -1.059 Negative: cupoint <-1.059

Table F.4 Summary statistics for different prediction models based on model selection and performance meas

Models observation AUC Sensitivity | Specificity | Optimal cutpoint Youden index HL-c HL-p
Original sample 3,682 0.6330 0.66 0.55 -1.059 0.204 0.3047 9.46
Bootstrapping sample 3,682 0.6330 0.66 0.55 -1.059 0.204 0.3047 9.46
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Table F.5 Observed and predictedtalues ofundiagnosed prediabetestatususing test score as a predictive

variablein groups defined by Hosmetemeshow Goodnessf-fit test

Group/ | Likelihood/ probability o Present (undiagnosed) Absent (hormal) Total
quantile | being uc?diagnosedre- Observed (1) | Expected (1) | Observed (0)| Expected (0)
iabetes

1 0.1557 72 65.2 399 405.8 471
2 0.1862 46 56.0 257 247.0 303
3 0.2167 61 68.2 273 265.8 334
4 0.2373 95 86.9 292 300.1 387
5 0.2598 92 95.4 288 284.6 380
6 0.2922 136 124.6 303 314.4 439
7 0.3292 94 89.5 192 196.5 286
8 0.3583 126 136.4 273 262.6 399
9 0.4069 118 1254 209 201.6 327
10 0.5163 168 160.4 188 195.6 356

Results H-L Statistic = 9.46 Degree of freedom = 8 Significance (Walue) = 0.3047

Observed versus expected values

1 2 3 4 5 6 7 8 9 10

Quantiles of estimated probabilities/ risk categories

[ ol e e
oON D O ®
S oo oo

N A O
o O O

Frequences/ number of cases
(o]
o o

m Present (undiagnosed) Observed (1) = Present (undiagnosed) Expected (1)

FigureF.1- Calibrationof the test score: observed and expected of undiagnosed prediabetes
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TableG.1- Characteristics of diabetes patients whabserved and missed

Variables Categories Total Observed Missed p-value
N (%) 538 462 (85.9) 76 (14.1)
Demographic factors

Sex Female 225 186 (40.3) 39 (51.3) 0.070
Male 313 276 (59.7) 37 (48.7)
Age 20-39 41 38 (8.0) 3(4.2) 0.114
40-59 239 212 (46.0) 27 (37.5)
60 + 254 212 (46.0) 42 (58.3)
Marital status Currently married 414 355 (76.8) 59 (78.7) 0.931
Never married 14 12 (2.6) 2(2.6)
Divorced, Separated, and widowed 109 95 (20.6) 14 (18.6)

Socieeconomicfactors

Education level Low education 288 236 (51.1) 52 (68.4) 0.019
Middle education 131 118 (25.5) 13 (17.1)
High education 119 108 (23.4) 11 (14.5)
Working status Never worked 135 112 (24.2) 23 (30.7) 0.030
Currently working 120 112 (24.2) 8(10.7)
Not currently working 282 238 (52.0) 44 (58.6)
Monthly Household income Lowest 249 214 (46.3) 35 (46.1) 0.026
Low 74 65 (14.1) 9 (11.8)
Middle 65 57 (12.3) 8 (10.5)
High 34 33(7.1) 1(1.3)
Highest 23 22 (4.8) 1(1.3)
Missing 93 71 (15.4) 22 (29.0)
Region location
Administrative Region Central 163 140 (30.3) 23 (30.3) 0.000
Eastern 27 24 (5.2) 3(4.0)
Western 88 77 (16.7) 11 (14.5)
Northern 93 89 (19.3) 4 (5.3)
Southern 167 132 (28.6) 35(46.1)
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Variables Categories Total Observed Missed p-value
N (%) 538 462 (85.9) 76 (14.1)

Health care access factors

Distance between home and | Less than 60 minutes 397 350 (93.6) 47 (70.2) 0.000

health care facility
More than 60 minutes 44 24 (6.4) 20 (29.8)

Health care provider number | No 143 133 (29.8) 10 (16.1) 0.011

(other)
Yes, there is one place 141 127 (28.5) 14 (22.6)
Yes, there are more than two 224 186 (41.7) 38 (61.3)

Clinic type Governmental (MOH) 369 314 (81.8) 55 (83.3) 0.637
Other Governmental clinic 40 36 (9.4) 4(6.1)
Private clinic 41 34 (8.8) 7 (10.6)

Hospital type Governmental (MOH) 381 330 (79.5) 51 (76.1) 0.185
Other Governmental hospital 44 40 (9.6) 4(5.9)
Private hospital 57 45 (10.8) 12 (17.9)

Selfcare behavioural factors

Taking medication Yes 454 396 (85.7) 58 (77.3) 0.000
No 78 66 (14.3) 12 (16.0)
52y Qi (y2¢ 5 5 (6.7)

Insulin Yes 320 278 (60.2) 42 (56.0) 0.000
No 210 184 (39.8) 26 (34.7)
52y Qi 1y26 7 7(9.3)

Herbal medication Yes 36 31 (6.7) 5(6.7) 0.002
No 499 431 (93.3) 68 (90.7)
52y Qi 1y26 2 2(2.7)

Visited traditional healer yes 71 58 (12.6) 13 (17.3) 0.257
No 466 404 (87.4) 62 (82.7)

HbAlc status (uncontrolled) 301 259 (56.1) 42 (55.3) 0.897
(controlled) 237 203 (43.9) 34 (56.1)
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