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Abstract 

Background. The sickle-cell unit in Kingston has operated Jamaica's only comprehensive 
sickle-cell centre since 1973, and initiated the Jeimaican cohort Study of Sickle-Cell Disease 
(JSSCD) in the same year. JSSCD participants (552 haemoglobinopathies and 246 AA 
genotype controls) were initially identified from neonatal screening of 100,000 consecutive 
hospital deliveries. In the 27 years to December 1999, JSSCD members had been followed for 
between 18 and 26 years, and 6,464 non-cohort patients had also presented to the clinic (and 
formed the clinic study). We have used longitudinal information from these study groups to 
examine three challenges facing sickle-cell disease (BCD) epidemiology: important gaps in 
our knowledge of the natural history of the disease, how to recruit study participants and 
deSne haematology and chnical endpoints in ways that minimise study bias, and how to 
define and predict BCD health-status. 

Methods. We described and modelled profiles of 10 haematological indices, and 14 common 
clinical complications from birth to early adulthood. We additionally described childhood 
growth and its association with later health outcomes, we report on mortality in the JSSCD, 
and we model lifetime survival among people with homozygous sickle-cell disease in Jamaica. 
Together, these analyses meet our first challenge of describing SOD natural history, and they 
form the backbone of this thesis. 

We estimated the proportion of the true BCD population tha t remain unrecruited when 
neonatal screening is not available. We quantified the 'late-entry' bias introduced in clinical 
event reporting when using a clinically ascertained population, and suggested guidelines for 
when to apply a statistical adjustment to reduce this biaa. We developed and used a new 
adjustment technique to provide valid estimates of lifetime survival in the presence of this 
bias. We described levels of JSSCD non-response, and the role of two forms of non-response: 
temporary non-response (default) and permanent non-response (dropout) on invalidating 
research conclusions. Together, these analyses examine our second challenge: the role of bias 
in BCD epidemiology. 

We used a systematic review to identify the literature on health status in BCD, and 
summarized the quahty of included articles. We applied health status prediction models to 
the JSSCD to provide the Grst external validation of these tools. We described an ongoing 
study to develop robust prediction tools for BCD health status. Together, these analyses 
examine our third challenge: the role of health status in BCD epidemiology. 

Findings. We present our work as four related 'books' covering study participants, 
haematology, clinical events, and health status. The sickle-cell unit clinic load has increased 
from 3,668 presentations in 1973-75 to 35,682 in 1997-99. The number of patients and the 
number of presentations per patient per year have both increased. Non-enrolment among 
people with unscreened SB disease is considerable; up to 90% will not enrol by five years of 
age and so will not benefit from important early-life clinical interventions, and up to half 
may not enrol for specialist clinical care during childhood. Among SS disease patients that 
do enrol, over half do so in adolescence and adulthood when clinical management is less 
focused on preventive care. In the JSSCD, 2.7% of participants default from the clinic for 
one complete calendar year, and 21.9% default from a single pre-arranged appointment. 
Defaulting predicts subsequent mortality, which suggests an avenue for intervention. 
Participants that default or dropout have different levels of haematology and different 
clinical expressions: defaulters that survive have a mild haematological profile, while 
defaulters that subsequently die exhibit increased reticulocytosis. This 'non-ignorable' non-
response has far reaching consequences for how we analyse observational studies in sickle-cell 
disease. Health status literature remains contradictory, and from 77 identified articles just 3 
met minimal criteria for acceptable design. From 16 articles offering systems for classifying 
health status a single article maintained some ability to minimise false-positive identification 
of adversely affected patients, but its general predictive ability degraded &om 79% to 6%. 
Our clinical case studies present a range of findings and conclusions, which we present in the 
body of our report. Our major case study investigated lifetime survival in SS disease, and we 
report an encouraging median survival of 53 years (95% conGdence interval 49.0 to 58.7) for 
men and 58.5 years (53.5 to 70.9) for women. 
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Chapter 1 

Introduction 

1.1 Human haemoglobin 

A continuous supply of oxygen is essential for life, and this oxygen is transported from 

^ our lungs to all parts of our body by haemoglobin, which is the major protein in red 

blood cells. There are several human haemoglobins and they all have two pairs of globin 

chains (a globin chain contains amino acids - the building blocks of proteins) folded around a 

pocket containing the oxygen-carrying haem molecule. Globin chains vary with the stage of 

fetal development, and are designated the Greek letters alpha (a), beta (3), gamma (^), 

delta (6), epsilon (e), and zeta (EJ. Alpha and gamma are the main chains in fetal life, with 

gamma mostly replaced by beta production in postnatal life (Figure 1.1). 

Figure 1.1 

Globin chain synthesis in fetal and postnatal life (adapted from (1)) 
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In fetal life, the main haemoglobin molecule is fetal haemoglobin or HbF (a2-"^2), and in 

postnatal life, this fetal haemoglobin is replaced by adult haemoglobin or HbA (a2-(32), and 

by small amounts of HbA2 (a2-62) (2;3). 

1.2 Haemoglobin disorders 

Disorders of haemoglobin production or structure are known as haemoglobinopathies. 

1.2.1 Altered haemoglobin structure: sickle-cell disease 

Sickle-cell disease (SCD) is a group of inherited conditions identified by the presence of hae-

moglobin-S (HbS), which replaces a proportion of HbA. Haemoglobin-S is the product of a 

single-point mutation of the gene that regulates |3-globin production. Inheriting this muta-
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tion from both parents creates the homozygous form of the disease, known as homozygous 

sickle cell (SS) disease in the United Kingdom and elsewhere, and sickle-cell anaemia (SCA) 

in the United States. It is the most common of all haemoglobin disorders, with 230 000 new 

cases per year in sub-Saharan Africa, a region that accounts for 70% of worldwide prevalence 

(4;5). People with SS disease are the main focus of this thesis. 

Other forms of SCD (known as compound heterozygous forms), combine the HbS mutation 

with another mutation of the beta-globin gene. Examples of compound heterozygous SCD 

are SC disease, S|3°-thalassaemia, and SP^-thalassaemia (see Section 1.2.2). Most people who 

carry the mutated 'sickle-cell' allele have it on only one of their pair of genes. The other gene 

of the pair does not have the mutation and so produces normal adult haemoglobin (haemo-

globin A). These carriers have the sickle cell trait, and in general suffer no adverse clinical 

effects. 

(a) Origins 

The sickle-cell mutation has occurred in at least four independent populations: three in Af-

rica and one the Middle East and India (Figure 1.2). Each mutation has a recognisable DNA 

structure around the beta-globin locus (known as a beta-globin haplotype). 

Figure 1.2 

Geographical distribution of the sickle-ceil gene in Africa and the Middle East 

(adapted from Bodner and Cavelli-Sforza (6)). 
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These mutations, if inherited from a single parent (creating the sickle-cell treiit), confer a 

relative protection against falciparum malaria during an important phase in early childhood 

between the loss of passively acquired maternal immunity and the development of actively 

acquired immunity (7;8). They are more likely to survive and pass on their genes. This pro-

tection does not apply to sickle-cell disease; in Africa malaria is a common cause of mortality 

among people with SS diseaae (8). 

Over generations the sickle cell trait has therefore reached high frequencies in malarious ar-

eas (Figure 1.2). Subsequent human movement transferred affected populations from West 

and Central Africa to the Caribbean, the southern United States, and Central and South 

America. From the 1950's secondary movements shifted southern US populations to the 

Northern United States and Canada, Caribbean populations to Europe and North America, 

and Mediterranean populations to Northern Europe. 

Decreased /taemog/o6m (Ae (Aa/asaoemms 

Disorders of haemoglobin production result in the thalassaemia conditions. Decreased pro-

duction of alpha chains (a-thalassaemia) or beta chains (3-thalassaemia) are most common, 

and less frequently larger genetic regions are affected, giving rise to delta-beta or gamma-

delta-beta thalassaemia. Alpha-thalassaemia is usually the result of gene deletion. Beta-

thalassaemia usually occurs due to a single point mutation. Sickle-cell disease is a (3-globin 

disorder, and concidence with a-globin deletions is relatively common. 

1.3 Pathophysiology 

The haemoglobin-S molecule has a tendency to change its shape when it is not linked to 

oxygen. Collections of these molecules distort the whole red blood cell. We commonly refer 

to this repeated deformation process aa 'sickling', and the resulting red blood cell as a sick-

led-cell (because of its distinctive shape). After a series of cycles of sickling and de-sickling, 

red blood cells with a high concentration of HbS lose the ability to de-sickle and become 

permanently deformed. 

Sickling has two important effects: haemolysis and vaso-occlusion (9). Red cells containing 

HbS have a weaker structure and have a much shorter life than the normal four-months. 

This increased red cell destruction (increased haemolysis) leads to anaemia. By itself, anae-

mia may not be a big problem - people with sickle-cell disease cope well with chronically 

lowered levels of haemoglobin. 

Secondly, red cells with HbS are less pliable and tend to adhere to blood vessel walls. These 

effects, along with the increased density of sickled cells can slow the blood flow in SCD, and 
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in extreme cases can cause complete blockage of small blood vessels. These blockages are al-

ways serious, as they deprive tissues of their oxygen and lead to local death of the tissue. 

1.4 Diagnosis 

Diagnosis of the major genotypes of sickle-cell disease is relatively simple and haa been the 

subject of several reviews (10-12). Neonatal diagnosis is available and inexpensive, allowing 

clinical management from birth. Antenatal diagnosis is possible, but is more costly and has 

associated ethical, religious, and social considerations. 

1.5 Clinical manifestations 

SCD has a wide range of symptoms, and anyone with the disease may have any number of 

these complications. Some may have none but die with a single acute event. Some skip one 

or more 'phases' in the age-related progression of the disease. A person with sickle-cell dis-

ease would be expected to survive into the fifth or sixth decade, although there is also wide 

variation in survival rates (13;14). There is evidence that variation in the expression of the 

disease has a geographical dimension, although reports from di%rent countries are compli-

cated by differences in the characteristics of the populations studied (for example, many 

studies are cross sectional with different age structures). Based on clinical signs and symp-

toms, SS and SP°-thalassaemia are considered the clinically serious forms of SCD, with SC 

and SP'^'-thalassaemia ranked as milder diseases (15; 16). 

Evidence for the ha^molytic anaemia in SS disease is an increased reticulocyte count, which 

reflects an increased bone marrow response. Complications of haemolysis relate to the high 

red cell turnover, and the production of excessive amounts of haemoglobin metabolites such 

as bilirubin. The most common associated clinical event is the production of gallstones. 

The vaso-occlusive aspect of SCD is responsible for most of the major complications; many 

organs of the body can be affected. In infancy, functional asplenia leads to increased suscep-

tibUity to infection, and acute splenic sequestration (ASS) can reduce the total haemoglobin 

to critical levels within hours. Dactylitis is common in infancy and may be a precursor to a 

serious clinical course (17). In childhood, infection, stroke and the acute chest syndrome 

(ACS) dominate as causes of morbidity and death. In adolescence, bacteraemias, dactylitis, 

ASS, ACS, and stroke decrease in frequency, and gallstones, episodes of severe pain, and leg 

ulceration increase in frequency. Although adolescence can be a time of relative clinical calm, 

those with the disease face the physical limitations and the psychological impact of a serious 

chronic condition. In adulthood, complications associated with pregnancy, the eyes, and 

chronic organ damage become increasingly prevalent. Throughout adolescence and early 

adulthood the painful crisis becomes the major cause of morbidity, placing a physical and 

social burden on those that it affects. 
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1.6 Sickle-cell disease epidemiology 

The variable clinical expression of the disease is well known. A large literature has focused 

on defining the range of clinical events, and exploring features of study participants and 

their environment that might explain why and when specific clinical events occur. This is 

the domain of epidemiology in sickle-cell disease research. The number of sickle-cell disease 

publications has risen steadily in the 30-years from 1970 (Figure 1.3). The number of clinical 

trials remains low. Observational studies dominate the SCD literature and provide the evi-

dence-base for most current clinical practice. There is an urgent need for randomised con-

trolled trials of therapeutic interventions, but observational epidemiology looks likely to 

drive our understanding of SCD for some time to come. 

Figure 1.3 

Number of sickle-cell disease publications listed in Medline between 1970 and 2002 

(a) Medline journals (b) Core clinical journals 
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1.7 Research challenges in sickle-cell disease epidemiology 

Sickle-cell disease epidemiology faces important challenges. 

1.7.1 Definitions 

Decisions on how we recruit study participants, and how we define clinical endpoints and 

haematological indices (which are often used as predictors in models of the disease) are fun-

damental pre-requisites in sickle-cell disease epidemiology. Despite their central importajice, 

there is little consensus on the role of participant recruitment, and the use of haematology 

and clinical events in sickle-ceU disease. Systematic assessment of whether currently accepted 

methodology and definitions are appropriate is not available. This has lead to widespread 

use of potentially inappropriate statistical methodology. The ability to compare and repro-

duce published risk factors is complicated by these variations. 

Many chnical events in sickle-cell disease have been well documented, and important texts 

are available that summarise these findings (2;18;19). Other events remain poorly described, 

often because appropriate study participants have not been available to allow a satisfactory 

description of a condition; in some cases the event is rare, in some cases an event is only 

seen in infants or older adults, and in some cases the described populations are missing im-

portant subgroups, which can bias conclusions. In many instances, cross-sectional informa-

tion has been used to summarise implicitly age-related phenomena. 

1.7.3 Predicting health-status 

The possibility of identifying those most affected by the disease as primary candidates for 

intervention, has encouraged a vocal and persistent call for methods to inform the classifica-

tion of people with SS disease according to some notion of health-status (20-24). At the same 

time, the barriers to such a classification are widely understood (25). For a predictive 

scheme to be useful in practice, it must accurately identify those people at increased risk of 

adverse outcomes (using a generally accepted measure of outcome). To promote clinical ac-

ceptance, the tool must then be shown to maintain its a<:curacy in repeated applications to 

different groups of participants. This level of statistical rigour is not yet available. 

1.8 Thesis plan 

In this thesis we use a prospective cohort and a clinically ascertained group of participants 

to investigate each of these research challenges. We have grouped our investigations into 

four books: study participants, haematology, clinical events, and health-status. In 

each book we present analyses in self-contained chapters, each with its own background, 

methods, results, and discussion. We present summaries of proposed future work in the final 

thesis discussion (Chapter 9). 
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Two chapters do not belong to any thesis book. In chapter two we introduce the study 

groups and provide a description of clinic utihsation among these participants, which pro-

vides information for future resource planning. In chapter nine we offer a final overarching 

interpretation of the thesis results. 

1.8.1 Book One: Study participants 

In Book One (chapters 3 and 4) we examine the influence of study participants on research 

results. It tackles research challenge one - definitions in sickle-cell disease. Methods of identi-

fying participants, and levels of subsequent non-response among participants define the gen-

eralisability of research to other sickle-cell disease populations. Without neonatal screening, 

patients enrol to clinic with varying delay, and a proportion of homozygous sickle-cell births 

may never enrol for specialist clinical care. In chapter three, we quantify this delay, and the 

proportion of non-enrolled patients using a clinic-enrolled Jamaican patient population and 

the known haemoglobin-S allele frequency for Jamaica. The results have implications for the 

clinical care of the homozygous sickle-cell disease patient, for public-health policymaking, 

and for clinical research. 

Neonatal screening for SCD is well established in industrialised countries that have signifi-

cant numbers of people with the disease. The economic conditions in low and low-middle in-

come countries makes the provision of systematic screening more challenging. In case studies 

1 and 2 we explore neonatal screening programmes in two low-middle income nations: Brazil 

and Jamaica. 

The use of clinic-ascertained patients remains common in sickle-cell disease research. We re-

port the incidence of bacteraemia (case-study 3) and the mortality rate (case-study 5) using 

neonatal and chnic ascertained participants. Differences in results from these two study 

groups would confirm an intuitive assumption that research conclusions can be dependent on 

the choice of research population. 

In chapter four we define and describe non-response, and explore the effect of non-response 

on research conclusions. 

1.8.2 Book Two: Haematology 

In book two (chapter 5) we examine the role of haematology in sickle-cell disease research. It 

tackles research challenge two - sickle-cell disease natural history. 

Cross-sectional summaries of haematology are generally used for modelling clinical outcomes. 

Most haematological indices are strongly age-related, and using single summaries may be in-

appropriate. Published age-related descriptions of haematology are restricted to early child-

hood (26;27). In chapter Sve we describe eleven haematological parameters from birth to 18 
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years of age, accounting for non-linear changes with age, and the effects of participant non-

response. 

During modelling in sickle-cell diseaae, haematological indices may be included as potential 

risk-factors. Usually, we only use haematology collected when a patient is clinically well; the 

notion of 'steady-state' haematology. There is no consensus on a deSnition for steady-state 

haematology. In chapter nine, we propose a study to apply alternative de^nitions for the 

haematological 'steady-state' to the cohort study group, and to investigate the resulting 

variation in risk-factor study conclusions using sensitivity analysis. 

Non-steady state haematology is routinely discarded as unrepresentative time periods. Yet 

paradoxically, it is these acute phases that define much clinical outcome. The use of non-

steady state haematology may ultimately provide novel information on sickle-ceil disease 

clinical outcome. In chapter nine we include a proposal for future development of this work. 

Reference intervals are commonly used in medical research to determine whether individual 

values are 'normal' or 'extreme' in relation to a sampled majority. In chapter nine we de-

scribe a proposal for the development of reference intervals for haematological indices for use 

in the clinic setting. 

1.8.3 Book Three: Clinical events 

In book three (chapter 6) we investigate the clinical outcomes of sickle-cell disease. 

Evidence on the incidence and prevalence of clinical events is available, but is widely dis-

persed and for many events it is incomplete. In chapter six we provide annual incidence rates 

for fourteen common clinical events in SS and SC diseaae, and present gender differences in 

these rates. We examine the bias introduced into clinical descriptions when we use study 

participants that have been clinically ascertained. We investigate the use of birth cohorts in 

analysing early predictors of later clinical outcome by examining the role of birthweight and 

childhood size on adolescent vasoocclusive events (case study 4). We finally examine mortal-

ity and survival among people with homozygous sickle-cell disease in Jamaica (case study 5). 

Descriptions of haematological profiles, clinical event incidence, and of growth, mortality and 

survival fulfil the original aim of the JSSCD and of this thesis - to document and summarise 

the aetiology and natural history of sickle-cell disease. 

1.8.4 Book Four: Health status 

In book four (chapters 7 and 8) we examine the definition of health-status in sickle-cell dis-

ease. It tackles research challenge 3 - sickle-cell disease health-status. 

Methods for summarising the health status of people living with SS disease are not well de-

veloped. Evidence is available, but has not received widespread clinical acceptance. In chap-
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ter seven we systematically review the available evidence on health-status in SS disease for 

content and quality. 

In this systematic review, a subset of articles offering a quantitative index to classify or pre-

dict health-status was identified. In chapter eight we apply these indices to a cohort study 

group to assess their ability to maintain prognostic ability when applied to an alternative 

population. 

Biomarkers are outcomes that can represent or predict a clinical event or health-status, but 

can be measured earlier in the disease process, potentially reducing the length of clinical tri-

als. A major clinical trial showed the benefit of hydroxyurea therapy for reducing the annual 

number of painful crises in SS disease (28). In chapter nine we propose the use of data from 

our cohort participants to develop prognostic models for biomarkers of painful crises. Devel-

oped models will be subjected to stringent sensitivity analyses, and will be validated using 

an external population from a London sickle cell disease register. This will be the first time 

that modelling in sickle-cell disease has been subjected to such statistical rigour. 

All study participants in this thesis attend the Jamaican Sickle Cell Clinic, located in King-

ston, Jamaica. 

The Jamaican Study of Sickle-Cell Disease (JSSCD) is a longitudinal cohort study of people 

with sickle-cell disease, identified at birth and prospectively followed thereafter. Cohort par-

ticipants were identified from neonatal screening of 100 000 consecutive live births from a 

single Kingston hospital between 1973 and 1981 (26). It is the longest running cohort in 

sickle-cell disease research, and is the only ongoing birth-cohort of adult sickle-cell disease. 

Importantly, although participants may subsequently drop out or temporarily default from 

the study, this birth cohort avoids biases associated with enrolling patients from clinics or 

hospitals, who may represent a more severely affected subpopulation. This prospective data 

collection is time consuming and costly but the resulting clinical and laboratory data possi-

bly represent the best available observational data. 

(̂ 6̂  T/te Jomozcon ceZ/ cZmzc 

The clinic study participants are not actively recruited and join the study as they present to 

the Jamaican sickle cell clinic. The clinic study has enrolled 6326 participants in the period 

between January 1st 1973, and December 31st 1999. 
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Chapter 2 

The Jamaican Sickle-cell Clinic 

Background 

The sickle-cell unit of the University of the West Indies has operated Jamaica's only comprehensive 

sickle-cell centre since 1973. In the 27 years to December 31 1999, 7262 patients had presented to the 

clinic. In the same year the Jamaican cohort Study of Sickle Cell Disease (JSSCD) was started, to 

investigate the natural history of the disease. JSSCD participants have been followed prospectively for 

between 18 and 26 years. 

Methods 

JSSCD participants were initially identified from neonatal screening of 100 000 consecutive non-

operative deliveries at a single hospital location; 552 cases of sickle-cell disease were identified, 315 of 

which were homozygous for the haemoglobin-S allele. Data on haematology, biochemistry, and 

anthropometry are collected according to a predefined visit schedule, and participants are encouraged 

to attend the day-care medical facility when sick, at which time information on clinical complications 

is recorded. The clinical services are also available free of charge to anyone with sickle-cell disease. 

Findings 

During the 27-year period there has been a steady increase in the number of registered patients 

(patient load) and the number of annual clinic presentations (clinic load). The clinic load has 

increased 10-fold, from 3668 presentations in 1973-75 to 35,682 presentations in 1997-1999. There has 

been an associated increase in number of presentations per patient per year (clinic rate), especially 

amongst yomig children (ages 0-4) and young adults (ages 20-39) visiting during the 1990's. The age 

structure of the general clinic population is stable, whilst that of the JSSCD continues to increase by 

design. 

Interpretation 

These attendance figures have implications for healthcare planning, which in turn will influence the 

collection of timely, relevant and quality clinical data for research. 
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2.1 History of the Jamaican sickle-cell clinic 

Outpatient clinics of the then University College Hospital of the West Indies were 

initiated in 1952, and until 1965 sickle-cell patients used this general outpatient facility. 

An adult sickle-cell clinic was initiated in 1965 by Dr. Paul Milner of the Department of 

haematology, and a paediatric clinic began in 1968. These two clinics operated on different 

days, in different locations and were manned by different staff. At 12 years of age, patients 

were referred from the paediatric to adult clinic, and a high default rate during this 

transition has been ascribed to the apprehension of changing clinics (1). Also in 1968, a 

network of outreach clinics were initiated to service people with sickle-cell disease living 

beyond the limits of the Kingston corporate area. These clinics were located in five regional 

hospitals (Morant Bay, Annotto Bay, Montego Bay, Black River, and Mandeville) and were 

selected so that patients were rarely more than 35 miles from a clinic (Figure 2.1). In 1971, 

staffing reductions forced the cancellation of the outreach program and a reduction in the 

facilities offered by the Kingston based adult clinic. 

Figure 2.1 

Location of six sickle-cell clinics in Jamaica between 1968 and 1971 

with 35-mile clinic limits 

Sickle-cell clinic locations with 35-mile limits 

More than 35 mi es from dime 

• Montego Bay 

Annotto Bay # 

• Mandeville 

Black River?* Kmgston 

Morant Bay 

Less than 35 miles from clinic 

In 1962, the British Medical Research Council (MRC) funded the MRC Epidemiological 

Research Unit at a site on the University Hospital of the West Indies (UHWI) campus in 

Mona, Kingston for a ten-year study on hypertension and cardiomegaly. This study ended in 

1972. Thereafter, sickle-cell disease became a focus of research, and the new unit, under the 

directorship of Professor Graham Serjeant, was known officially as the MRC Laboratories 

(Jamaica) and locally as The sickle-cell unit (SCU). This Unit took responsibility for the 

adult sickle-cell clinic, and extended an existing programme of sickle-cell research, funded by 

the Wellcome Trust since 1966, to study the natural history of SCD in Jamaica. In early 

1973 the adult and paediatric clinics were merged and run jointly by MRC staff and the 

department of Child Health. This merger rationalized administration and data collection. 
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and removed the artificial barrier associated with the transition from child to adult 

healthcare. In 1977, a reduced outreach programme re-commenced, with monthly clinics at 

Black River and Montego Bay serving the sickle-cell population of Western Jamaica. 

A dedicated clinic facility was built in 1988 using funds from an associated charity (the 

sickle-cell trust) and in 1990 a suite of laboratories was built on the same site with funds 

from the MRC. In 1994 corporate financing allowed the development of a sickle-cell 

education centre, again on the same physical site. In September 1999 the Unit passed into 

the ownership of the University of the West Indies. The SCU became one of four units of the 

Tropical Medicine Research Institute (TMRI), along with the Tropical Metabolism Research 

Unit (TMRU) and The Epidemiology Research Unit (ERU), also on the Mona campus, and 

the Chronic Diseases Research Centre (CDRC) on the Cave Hill campus in Barbados. 

2.2 The Jamaican Study of Sickle-Cell Disease (JSSCD) 

Throughout the first half of the twentieth century, SS disease was considered a severe 

condition of childhood and adolescence, and those with the disease were not expected to 

survive into adulthood. Occasional case reports of long survival appeared primarily in the 

early 1960's (2-5), and in 1968 the first extended presentation described 60 patients surviving 

beyond 30 years of age in Jamaica (6). Subsequent publications reflected an increasing 

awareness of the variability in clinical expression, with further descriptions of extended 

survival (7-9) and benign cases at younger ages (10). 

Improving clinical management may have partly explained this apparent improvement in 

prognosis. Much early research, however, rehed on symptomatic, clinic-based research 

participants, and this implied that people who died without presenting to chnic were being 

missed. Death without presentation to a healthcare provider might be ascribed to two 

physiological processes; mild and severe disease expression, (extremes in a spectrum of 

clinical severity). It might also reflect missed diagnosis when a patient presents to a 

healthcare provider. 

In Jamaica, early attempts to reduce this symptomatic bias focused on encouraging chnic 

attendance, and included regional clinics, free bus fares, and a mobile clinical unit for 

domiciliary visits. Despite these efforts, most patients were still identified by symptomatic 

presentation, and the life-course of undiagnosed patients remained unknown. 

The JSSCD was started to provide a group of study participants free from the symptomatic 

bias of clinic-recruitment. The participants were identified at birth from a population that 

was screened for the presence of haemoglobin-S. These participants were then followed at 

regular intervals. 
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2.2.1 Study design 

The JSSCD was designed as a prospective cohort study. The assignment of participants into 

groups was defined at birth by genotype and gender, making patient randomisation 

inapplicable and categorizing the study as observational. 

2.2.2 Patient ascertainment 

Cord blood screening was performed on 100 000 consecutive normal deliveries at the main 

government maternity hospital in Kingston, Jamaica (Victoria Jubilee Hospital). Caesarean 

section births or other operative deliveries were excluded due to increased difficulty in 

obtaining blood samples. During the recruitment period the hospital had between 10 000 and 

15 000 deliveries yearly, accounting for two-thirds of all deliveries in the Kingston corporate 

area, and approximately one-quarter of all island deliveries. It served a population of 

principally West African descent. The screening programme commenced on 25 June 1973 

and ended on 28 December 1981. The number of births screened and haemoglobinopathies 

ascertained are presented by year of recruitment in Table 2.1. 

The first 125 children with initial genotyping consistent with SS disease were matched with 

2 controls of the same sex, born closest in time to the index case and with a normal 

haemoglobin (AA) genotype. Each SS patient and associated AA control pair were assigned 

a unique cohort identifying number. 

Table 2.1 

Number of patients screened, genotypes identified, and genotypes 

entering the JSSCD by year of screening. 

Year Screened (% / cum %) SS Sbeta"*" Sbeta" SC SF SL s o s v AA Total 

1973 6472 (6.5 / 6.5) 24 2 0 16 1 0 0 1 49 93 

1974 12208 (12.2 / 18.6) 38 4 2 28 0 0 0 1 87 160 

1975 12031 (12.0 / 30.7) 44 9 2 23 2 0 0 0 106 186 

1976 12179 (12.2 / 42.9) 38 4 1 25 1 0 0 0 4 73 

1977 12030 (12.0 / 54.9) 30 5 2 20 0 0 0 1 0 58 

1978 11580 (11.6 / 66.5) 35 4 0 27 2 0 1 1 0 70 

1979 11516 (11.5 / 78.1) 36 5 1 16 0 0 0 0 0 58 

1980 11003 (11.0 / 89.0) 37 1 2 16 0 1 1 1 0 59 

1981 10981 (11.0 / 100) 33 2 1 2 1 0 0 2 0 41 

Total 100,000 315 36 11 173 7 1 2 7 246 798 

Some of these initial SS classifications were subsequently identified as S|3° thalassaemia 

(n=14) or S/hereditary persistence of fetal haemoglobin (S /HPFH or SF) (n=4), leaving 107 

SS patients with associated AA controls. Of the 250 controls with an AA genotype, four 

were subsequently shown to have the P thalassaemia trait, leaving 246 AA controls. These 

four re-classified controls were associated with two SS cases, one SP"*" case, and one SC case. 
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leaving four case-control groups with a single AA control each. Due to clinic and staffing 

capacity, recruitment of AA controls was stopped after cohort member 125. The last 28 

cases of the 201 SC participants identified were referred directly to another institution 

(Bustemante Children's Hospital, Spanish Town) for follow-up, reducing the number of SC 

participants entering the cohort to 173. The numbers of recruited haemoglobinopathies and 

controls that were never traced or were untraceable after a single clinic attendance are 

presented in Table 2.2. 

Table 2.2 

Numbers of untraceable recruited JSSCD participants 

Genotype Recruited No clinic visit Single clinic visit 

SS 315 3 1 

sp-k 36 0 1 

spo 11 0 0 

SC 173 6 0 

SF 7 0 0 

SL 1 0 0 

SO 2 0 0 

s v 7 0 0 

AA 246 3 7 

Total 798 12 9 

2.2.3 Data collection 

Data collected for all cohort participants are grouped into the following broad classifications: 

static information, routine and sick visit documentation, haematology, anthropometry, 

ophthalmological, ultrasound, and clinical events. 

(a) Static patient information 

Basic information is maintained on all participants: a unique numeric identifier, genotype, 

gender, date of birth, date of last visit, patient status (alive, dead, emigrated), alpha-

thalassaemia status, and beta-globin haplotype. 

(h) Routine visits and sick visit documentation 

Study participants follow a pre-defined routine appointment schedule (see section 2.2.3(c), 

and are encouraged to attend the clinic whenever they are sick. Clinical event information 

(see section 2.2.3(h) is collected at each sick visit, along with haematology and biochemistry 

if necessary for patient management. All other data are collected during the pre-defined 

appointment schedule. 
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(c) Routine visit appointment schedule 

Initially, two methods of follow-up were proposed so that the effects of frequent follow-up on 

the clinical course could be ascertained. Odd numbered cohort members were given 

appointments at monthly intervals from birth to six months, two monthly intervals from six 

to twelve months and every three months thereafter. Even numbered cohorts were given 

appointments at six-month intervals. This regime proved unsatisfactory, with the less 

frequent follow-up group providing inadequate levels of information. Infrequent follow-up 

was abandoned in April 1975, and thereafter, surveillance of all participants followed the 

more frequent attendance schedule. From six-years of age, follow-up of AA controls was 

reduced to intervals of six-months (Table 2.3). From 25-years of age follow-up of SC cases 

was reduced to intervals of six-months. 

Table 2.3 

Routine appointment schedule among JSSCD participants with sickle-cell disease (SCD) and 

normal (AA) controls. 

1973 - March 1975 April 1975 - Dec 1981 
SCD AA SCD AA SCD AA 
(odd) controls (even) controls (aU) controls 

Year One 
birth ^ V / / y / 

1 month ^ V / / 

2 / / / / 

3 / / y / 

4 / / / / 

5 / / V / 

6 / / / y / / 

8 ^ / y / 

10 / / / / 

12 / / / / 

Year Two 
15 / / / / 

18 / / •/ / y / 

21 / / / 

24 ^ / •/ / 

Years Three to Five 
1st q 
2nd q ^ 
3rd q ^ 
4th q ^ 

/ 
/ 
V 
/ 

Regime amended. 
Participants 

transferred to 
frequent follow-up 

•/ 

•/ 

/ 
/ 
/ 
/ 

Years Six and above 
1st q ^ / 
2nd q ^ / / 

3rd q ^ •/ 

4th q / •/ 

(d) haematology / biochemistry 

An initial capillary blood sample was taken within 48 hours of birth. Subsequent 

venepunctures have been performed, and haematology and biochemistry collected according 

to the regime outlined in Table 2.4. Assessment of routine haematology is contra-indicated 

for a three-month post-transfusion period. 
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Table 2.4 

Data collection regime of routine haematology among JSSCD participants 

Age FBC HbAg HbF Fe / Bilirubin Folate Storage LFT RFT 

1 2 1 1 1 1 
2 2 1 1 1 1 
3 2 1 1 1 1 
4 2 1 1 1 1 
5 2 1 1 1 1 1 1 
6 2 1 1 1 1 
7 2 1 1 1 1 
8 2 1 1 1 1 
9 2 1 1 1 1 
10 2 1 1 1 1 1 1 

11 to 14 2 
15 2 1 1 1 1 1 1 1 

16 to 19 2 
20 2 1 1 1 1 1 1 1 

21 to 24 2 
25 2 1 1 1 1 1 1 1 

26 to 29 2 
30 2 1 1 1 1 1 1 1 

1 Measurement once a year, on birthday 
_2 Measurement twice a year, on birthday and at 6-months 

Routine haematology (full blood count or FBC) consists of total haemoglobin (Hb, g/dl), red 

cell count (RBC, count/1), packed cell volume or haematocrit (PCV, 1/1), mean cell volume 

(MCV, fl), mean cell haemoglobin (MCH, pg), mean cell haemoglobin concentration 

(MCHC, g/dl), platelet count (PLATE 10^1), and reticulocyte count (RETICS %). Hb and 

RBC were measured in an electronic counter (Coulter ZB16 or Coulter MaxM, Coulter 

Electronics) regularly calibrated with a commercially available control (4C, Coulter 

Electronics). PCV was measured as the centrifuged micro-haematocrit after centrifuging at 

12,000^ for 5 minutes and without correction for trapped plasma. MCV, MCH, and MCHC 

were derived haematological parameters calculated from Hb, RBC, and PCV (equations 2.1 

to 2.3). 

MCV = 

MCH = 

MCHC = 

PCV (%)xlO 

RBC (milhonsy'iil) 

Hb(g/dl)xlO 

RBC (milhonsy'iil) 

Hb (g/dl) 

PCV (%) 

-fl 

pg 

-xlOO 

(2.1) 

(2.2) 

(2.3) 

Platelets were counted in an electronic counter (Coulter Thrombocounter). Reticulocytes 

were ascertained from blood, stained 5% brilliant cresyl blue. Further red cell indices were 

collected less frequently. HbAj (g/dl) was estimated by elution after electrophoresis on 
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cellulose acetate (11) and fetal hemoglobin (%) by an alkali denaturation method. Serum 

was separated and stored at 4°C for estimation of serum iron (mmols/1) by the method of 

Beale oZ (12), iron binding capacity (mmols/l), and % saturation (%). Serum waa stored 

at -20°C for estimation of serum bilirubin (conjugated and total, mmols/1) by the method of 

Lathe and Ruthven (13). Serum was stored at -20''C after addition of ascorbic acid to 

stabilize folate, for the estimation of serum folate (mg/1). Assessment of folate levels was 

contra-indicated for patients on folate supplementation (14). Further serum was separated 

and stored at -70°C. 

Liver function tests (LFTs) included total protein, albumin, globulin, alkaline phosphatase, 

GGT, and SGOT. Renal function tests (RFTs) include serum electrolytes, urea, creatinine, 

and uric acid. Stored serum allowed subsequent measurement of jSg microglobin (an indicator 

of the glomerular filtration rate). Urine samples taken at annual birthday visits were tested 

for proteinuria, and were stored at -70°C for later measurement of microalbuminuria. 

The measurement schedule for anthropometry is presented in Table 2.5. 

Patient height and weight (HW) were recorded by a nurse practitioner at each routine visit. 

Weight (kg) was measured on balance scales after removal of shoes and any heavy top 

clothes. Height (cm) was measured using a standing stadiometer with the person standing 

straight and upright, head forward and eyes level, and heels on the ground and against the 

back plate. Height and weight measurements were compared with previous values by the 

attending physician, and were repeated if necessary. 

Limited anthropometry (L) additionally included sitting height, arm span, arm 

circumference, triceps skin fold thickness and subscapular skin-fold thickness, and was 

collected every six months. The mean of three consecutive skin-fold measurements are taken. 

Full anthropometry (F) additionally included inter-acromial diameter, inter crista! diameter, 

chest anteroposterior and lateral diameters, chest circumference, and bicep and supra-iliac 

skin fold thicknessess. 

Limited and full anthropometry are not used in this thesis. Measurement details are not 

described, and are available on request. 
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Table 2.5 

Data collection regime of anthropometry among JSSCD patients 

SS / AA SC S/other 

Every routine visit HW HW HW 

Every 6 months L P L P L P 

Every year (birthday) F P L P L P 

Once at 8 years F P B F P B F P B 

Once at 12 years F P B L P B L P 

Once at menarche B 

HW = height and weight, L = hmited anthropometry, F = full anthropometry 

P = pubertal staging, B = bone age. 

Sexual development 

Pubertal staging (P) is assessed by the Tanner method from stage 1 (prepubertal) to stage 5 

(pubertal). Testicular size is assessed by Praders orchidometer palpating each testicle gently 

in the right hand while comparing with the orchidometer held in the left. 

( f ) ophthalmological studies 

Each year between 1985 and 2000, a team led by Professor Alan Bird (Moorfield's Hospital, 

London) examined the eyes of all JSSCD patients with a haemoglobin 8 genotype. This 

examination took place over three weeks in January and February - a period known 

anecdotally as the cohort eye review. Examination included assessment of visual acuity, 

retinal examinations with retinal drawings, fluorescein angioscopy and angiography, and was 

designed to describe the natural history of proliferative sickle retinopathy. During the chnic 

presentation, participants were given a clinical examination, and a FBC was collected. 

(g) ultrasound studies 

During the cohort eye review, participants underwent annual ultrasound assessment. The 

gallbladder was examined for stones, sludge, thickening of the gallbladder wall, or dilation of 

the common bile duct. The spleen was examined for dimensions, and irregularities of splenic 

structure and consistency. The kidneys were examined for long and short renal dimensions, 

abnormalities of structure, and congenital abnormalities. 

(h) sick visits 

A computerised participant information system allowed attending physicians to enter details 

of chnical events directly into a database. The wide ranging symptoms of SCD have proven 

difficult to incorporate into a general clinical coding regime (e.g. ICD, READ codes (15;16)), 

and a dedicated coding system has been developed for use at the Jamaican sickle-cell clinic. 

Codes are presented in Appendix 1, organized by system involvement. A study participant is 

assigned one or more clinical codes at every clinic presentation. A yl (481) code is assigned 

each time a study participant presents without clinical symptoms. 
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2.3 Patients and methods 

,2. ,9. ̂  f groupa 

Newborn screening took place at a single Kingston hospital for the period of JSSCD 

recruitment. There wag no neonatal screening between the end of JSSCD recruitment (1981) 

and 1994, and a geographically limited (and ongoing) programme thereafter. Full details of 

screening for sickle-cell disease are presented in Chapter Three. The JSSCD recruited 552 

patients with a haemoglobin allele, and 246 A A genotype controls. The ongoing newborn 

screening program has identified 138 patients with an SS genotype. The remaining 6326 

patients have been symptomaticaDy recruited to the clinic. 

Participants belong to one of two distinct samples from the Jamaican sickle-cell disease 

population: (1) the JSSCD sample, recruited for a specific and ongoing research program, 

and (2) the clinic sample, not actively recruited and joining the sample as they present to 

the sickle-cell clinic. Patients identified through the ongoing newborn screening program 

and symptomatically recruited patients are collectively considered to be clinic-study 

participants. If analysed separately, symptomatically referred patients are known as main-

study participants, and patients identified through the ongoing newborn screening 

programme are known as participants. 

The clinic fertilities of the Jamaican sickle-cell unit and its regular outreach clinics represent 

the primary health care provider for P® haemoglobin allele patients in Jamaica. Since 01 

January 1973, 7016 patients with the (3® globin chain abnormality have presented to the 

clinic. Along with 246 AA genotype JSSCD controls, 7262 patients have presented to clinic 

at least once within the study window. These patients are summarized by study group 

(main, JSSCD, screened), and by genotype in Table 2.6. SS disease forms the clinic majority 

in both the main and JSSCD study groups (main: 66.5%, JSSCD: 57.1%), with the combined 

patient load (see section 2.3.3) of SS and SC disease around 90% for both main study and 

the JSSCD (main: 91.1%, JSSCD: 88.4%). Within the JSSCD, the ten compound 

heterozygotes of HbS and beta chain variants (SV) include sickle-cell-HbO Arab (two), 

sickle-cell-HbD Punjab (two), sickle-cell-Hb Lepore-Boston (one), and combinations of the 

sickle-cell gene with HbD Iran (two), Hb Caribbean (one), HbK Woolwich (one), and Hb 

Korle Bu (one). 

Among symptomatically referred study participants, median age at entry to clinic 

(unadjusted for clinic period) was lower in the more severe genotypes. Compared to SS 

disease, the age at first presentation to clinic was significantly higher among SC and 

participants; the relative risk of attendance for SC (with 95% CI) was 0.69 (0.65 to 0.73), 

and for S|3+ it was 0.67 (0.60 to 0.75). Recruitment is considered in detail in Chapter Three. 

Once recruited to the clinic, the relative risk of leaving the study for any reason was 
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signiScantly higher in all genotypes compared with SS patients. Non-response is considered 

in detail in Chapter Four. These differences may be a feature of clinical expression across 

genotypes, with an increasing number of clinical complications maintaining attendance. The 

increased research focus on SS disease may further promote attendance among the SS 

patient group. Among JSSCD study participants, the pattern of follow-up was different, 

with recruitment at birth, and an increased length of follow-up among the milder genotypes 

(SC, SF), which reflects improved survival. 



Table 2.6 

Number of patients enrolled, age at entry to clinic, and years of clinic follow-up by study group and genotype. 

Main study JSSCD Screened-study 

genotype N 
age at 

entry 
mad * 

relative risk f 

(95 CI) 

yrs of 

follow-up 
mad * 

relative risk 

(95% CI) 
N 

yrs of 

follow-up 
mad * N 

yrs of 
MAD* 

follow-up 

sp+ 305 (4.82) 12.22 7.90 0.67 (0.60 to 0.75) 7.25 5.57 1.34 (1.19 to 1.50) 36 (6.52) 21.62 2^8 12 (8.7) 2.13 0.92 

S|3° 198 (3.13) 4.82 0.98 (0.85 to 1.13) 7.72 4.65 1.18 (1.03 to 1.36) 11 (1.99) 18.95 3.51 8 (5.8) 0.93 1.05 

s c 1567 (24.77) 12.75 7.93 0.69 (0.65 to 0.73) 6^8 4.62 1.54 (1.46 to 1.64) 173 (31.34) 21.00 2J5 - - -

SF 19 (0.30) 13.03 8.41 0.84 (0.54 to 1.32) 2.05 1.79 2.29 (1.46 to 3.59) 7 (1.27) 20.91 3.35 2 (1.4) OjW 0.92 

SS 4207 (66.50) 9.12 6.72 1 9.41 6.33 1 315 (57.07) 19.15 4.63 115 (83.3) 1.51 0.85 

s v 30 (0.74) 9.83 5.33 1.00 (0.70 to 1.43) 6.79 6.07 1.48 (1.03 to 2,12) 10 (1.81) 3.54 7.70 1 (0.7) 0.66 -

total 6326 (100) 552 (100) 138 (100) 

AA - - - - - 246 23.82 1.59 - - -

* mad: Median absolute deviation 

t Relative risk of presentation to clinic (compared to SS participants) 

ĵ: Relative risk of leaving the clinic (compared to SS participants) 



Chapter Two The Jamaican sickle cell unit 2.13 

,2.,?.^ gWzatica; burden and c/%mc burden 

Vital statistics have been described as data on the fundamental events of humaji life; births 

and deaths (17). They are generally simple constructs, usually in the form of counts or rates. 

We develop four vital statistics describing clinic demand: the number of people recruited to 

the clinic in time period t (r^), the number of people eligible for clinic attendance in time 

period ( (e^), the number of people attending the chnic in time period ( and the 

number of clinic presentations in time period t (c^). Recruitment occurs at birth for 

neonataily screened study participants and at Erst visit to clinic otherwise. A person is 

eligible for attendance at the sickle-cell clinic if that person has been recruited and has not 

emigrated or died since the last clinic visit. From the set of eligible participants, the number 

attending and the total number of presentations in any given t ime period are available. 

To investigate healthcare demand, we develop two concepts: participant burden, measured 

by participant load and participant rate, and clinic burden, measured by clinic load and 

clinic rate. For any time period, t, 

= participant load 

y ê  = participant rate 

= clinic load 

y = clinic rate 

r (e) = e (mam) / e (jaacd) = Relative participant eligibility 

r (a) = a (mom) / a (j'agcd) = Relative participant load 

Participant load can be used to describe the changing population structures of the clinic-

study populations (clinic participants and JSSCD participants). Participant rate describes 

the number of eligible participants that attend the clinic, and provides a basic description of 

default from each study. Clinic load is a direct measure of participant demand for the 

healthcare facility, and clinic rate allows the direct comparison of demand from alternative 

study groups, controlling for the size of the attending group. Both are useful to healthcare 

management. Relative participant eligibility and relative participant load examine the 

changing contribution of the main and JSSCD studies to the overall clinic population as age 

and period vary. All measures are examined annually. Attendance may exhibit seasonal 

fluctuation, and clinic burden is also examined monthly. Data are presented by study group 

(clinic participants and JSSCD participants), for all genotypes, and restricting to SS disease. 

Ae/erence fabZea 

For reference, we tabulate participant-burden and clinic-burden in three-year time periods (9 

groups) and either five-year age groups (13 groups - clinic sample) or two-year age groups 

(14 groups - JSSCD). We present the average annual participant load for the clinic sample 
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(Table 2.7) and for the JSSCD (Table 2.8). We present the clinic load and the clinic rate for 

the clinic sample (Table 2.9) and for the JSSCD (Table 2.10). 

; 8 . J (TAe o/ (ime on oge, penod aW e^ec(a 

Attendance may increase with age due to an ongoing process of symptomatic referral (main 

study) or conversely may decrease due to attrition of participants caused by mortality, 

migration (JSSCD). Attendance may depend on secular (calendar) time due to events that 

affect the entire clinic population at once. Examples of these period effects include the 

introduction of newborn screening in Jamaica (1973), the introduction (in 1977) of parental 

education for the detection of an enlarged spleen (18) with a subsequent increase in detected 

cases of acute splenic sequestration, and the introduction (in 1978) of penicillin prophylaxis 

(19) requiring regular medication visits to the sickle-cell clinic. Patients less than 5 years of 

age attending the clinic from May 1978, will have benefited from the treatment, highlighting 

the potential effect of period and age. Only participants recruited in the last three years of 

the JSSCD benefited from penicillin prophylaxis, highlighting the potential effects of period 

and cohort 

. 2 . ^ GrapAzcoZ (fzgpZay o/ 

Marginal period and age effects can be visualised using 1-dimensional line graphs, by either 

calendar period or age. We present these graphs in Figure 2.2 to Figure 2.4. These simple 

displays can provide useful information. Care is needed in interpretation, however, as 

alternative 1-dimensional projections of 2-dimensional da ta can lead to competing 

conclusions. Two-dimensional plots, which allow the joint assessment of alternative time 

bands, are more useful. Jolley and Giles suggest the use of contour plots as an alternative 

summary of age-period-cohort trends without the potential loss of information. Contours in 

the age-period projection represent regions of equal attendance (cf. contours on a topological 

map). Superimposed lines from lower left to upper right represent the passage of cohort 

groups (20). We present contour plots in Figure 2.5 and Figure 2.6. 



Table 2.7 

Average annual participant load for clinic participants (SS only patients in brackets). 

Calender Age group 
period 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-1-
73-75 11(8) 18 (13) 21 (15) 22 (16) 20 (15) 14 (10) 11 (7) 7 ( ^ 6 ( ^ 3 ( ^ 2 (1) 2 ( 0 1 (0) 
76-78 10(8) 22 (15) 26(18) 29 (21) 26 (19) 19 (15) 10(7) 8(6) 6(4) 3(% 1(1) 1 (0) 1(1) 
79-81 23 (19) 29 (22) 34 (25) 36 (27) 33 (24) 27 (19) 18 (13) 10(6) 9(5) 5 ( 4 2(2) 1(1) 1(1) 
82-84 40 (31) 53 (39) 70 (48) 72 (51) 56 (39) 45 (31) 30 (20) 18(13) 14 (10) 8 ( ^ 4(3) 3 ( ^ 1(1) 
8&87 56 (43) 61 (41) 66 (47) 79 (57) 71(51) 51(36) 35 (23) 25 (17) 15 (10) 11 (7) 6 0% 3 0% 1(1) 
8&90 62 (51) 87 (60) 67 (46) 83 (60) 79 (59) 59 (44) 45 (32) 27(18) 20 (15) 15 (10) 11 (7) 5(4) 1 (1) 
91-93 61 (50) 97 (74) 82 (53) 71 (50) 84 (60) 70 (52) 42 (32) 31(23) 21 (16) 12(9) 12(9) 6 ( 4 1(1) 
94-96 75 (62) 101 (77) 107 (74) 72 (49) 82(61) 78 (58) 53 (42) 35 (28) 24(18) 15 (13) 11(8) 9 ( 0 1(1) 
97-99 105 (87) 120 (88) 114 (86) 90 (62) 79 (58) 87 (65) 69 (53) 44 (34) 32 (26) 18 (14) 13 (10) 10(8) 2 (1) 

Table 2. 

Average annual participant load for JSSCD participants (SS only patients in brackets). 

Calender Age group 
period 0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-17 

73-75 150 (44) 
76-78 139 (58) 125 (42) 
79-81 95 (59) 93 (52) 112 (46) 87 (32) 
82-84 46 (38) 68 (50) 86 (50) 112 (50) 146 (42) 
85-87 25 (23) 58 (43) 83 (49) 92 (44) 151 (47) 112 (32) 
8&90 44 (35) 68 (44) 82^8) 115 (44) 123 (37) 
91-93 29 (25) 53 (37) 76 (43) 82 (38) 130 (40) 98 (29) 
94-96 40 (31) 59 (38) 70 (37) 94 (36) 103 (33) 
97-99 22 (18) 44 (31) 57 (32) 65 (31) 95 (33) 67 (22) 19(8) 



Table 2.9 

Clinic load (c) and clinic rate (c/a), for all clinic sample participants by genotype 

Age group 

0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60+ 

73-75 Allc (c/a) 282 (1.8) 461 (1.7) 480 (1.5) 563 (1.7) 626 (2.1) 409 (2) 286 (1.8) 185 (1.9) 172 (1.8) 57 (1.5) 39 (1.7) 71 (2.1) 37 (1.9) 

SSc (c/a) 218 (1.8) 351 (1.9) 343 (1.6) 435 (1.9) 510 (2.3) 316 (2.2) 219 (2) 136 (2) 146 (2) 45 (1.6) 19 (1.7) 67 (2.2) 21 (2.6) 

76-78 Allc (c/a) 287 (2) 561 (1.7) 615 (1.6) 673 (1.6) 700 (1.8) 577 (2) 290 (1.8) 207 (1.7) 131 (1.5) 69 (1.4) 20 (1.5) 18 (1.3) 99 (2.5) 

SSc (c/a) 252 (2.1) 425 (1.9) 473 (1.7) 501 (1.6) 542 (1.9) 468 (2.1) 214 (1.9) 150 (1.7) 95 (1.6) 44 (1.4) 13 (1.4) 5 (1) 85 (3.1) 

79-81 Allc (c/a) 1037 (3) 731 (1.7) 763 (1.5) 839 (1.5) 953 (1.9) 775 (1.9) 585 (2.1) 253 (1.8) 244 (1.9) 137 (1.7) 60 (1.6) 26 (1.4) 78 (1.7) 

SSc (c/a) 912 (3.2) 587 (1.7) 587 (1.6) 656 (1.6) 752 (2.1) 582 (2) 466 (2.3) 178 (1.9) 172 (2.1) 91 (1.7) 44 (1.6) 12 (1.5) 51 (2) 

82-84 Allc (c/a) 1970 (3.3) 1851 (2.3) 2119 (2) 2381 (2.2) 2061 (2.5) 1722 (2.6) 1083 (2.4) 712 (2.6) 496 (2.4) 332 (2.6) 149 (2.7) 107 (2.8) 164 (2.9) 

SSc (c/a) 1606 (3.5) 1430 (2.4) 1518 (2.1) 1730 (2.3) 1530 (2.6) 1246 (2.7) 748 (2.5) 525 (2.8) 363 (2.5) 222 (2.9) 119 (2.6) 53 (2) 95 (3.4) 

85-87 Allc (c/a) 2794 (3.4) 2279 (2.5) 2121 (2.1) 2603 (2.2) 2612 (2.4) 1826 (2.4) 1516 (2.9) 986 (2.7) 530 (2.3) 379 (2.4) 226 (2.6) 118 (2.9) 211 (3.1) 

SSc (c/a) 2239 (3.4) 1638 (2.6) 1575 (2.2) 1973 (2.3) 2025 (2.6) 1390 (2.6) 1190 (3.5) 780 (3) 348 (2.4) 266 (2.5) 142 (2.8) 71 (2.4) 140 (3.3) 

88-90 Allc (c/a) 2978 (3.2) 3384 (2.6) 2307 (2.3) 3277 (2.6) 3018 (2.5) 2350 (2.7) 1709 (2.5) 1023 (2.5) 873 (2.9) 607 (2.7) 416 (2.5) 192 (2.4) 307 (3.6) 

SSc (c/a) 2589 (3.4) 2473 (2.7) 1648 (2.4) 2399 (2.7) 2376 (2.7) 1888 (2.9) 1365 (2.9) 701 (2.7) 689 (3.1) 428 (2.8) 284 (2.8) 137 (2.5) 204 (3.5) 

91-93 Allc (c/a) 2855 (3.1) 3505 (2.4) 2526 (2.1) 2680 (2.5) 3732 (2.9) 3358 (3.2) 1823 (2.9) 1456 (3.1) 850 (2.8) 517 (2.8) 522 (2.9) 262 (2.8) 289 (3.8) 

SSc (c/a) 2429 (3.2) 2810 (2.5) 1774 (2.2) 1950 (2.6) 2690 (3) 2717 (3.5) 1513 (3.2) 1183 (3.4) 706 (3) 379 (2.9) 439 (3.1) 164 (2.8) 172 (3.5) 

94^96 Allc (c/a) 3859 (3.5) 3895 (2.6) 3374 (2.1) 2466 (2.3) 4289 (3.5) 3840 (3.3) 2580 (3.2) 1765 (3.4) 1127 (3.1) 562 (2.5) 587 (3.5) 426 (3.3) 241 (2.7) 

SSc (c/a) 3411 (3.6) 2957 (2.6) 2408 (2.2) 1741 (2.4) 3164 (3.4) 3003 (3.4) 2229 (3.6) 1509 (3.6) 945 (3.5) 505 (2.7) 479 (4.1) 298 (3.4) 137 (2.4) 

97-99 Allc (c/a) 5739 (3.6) 4652 (2.6) 3844 (2.3) 3063 (2.3) 3777 (3.2) 4882 (3.8) 3501 (3.4) 2326 (3.5) 1599 (3.3) 774 (2.8) 603 (3) 473 (3.2) 449 (2.9) 

SSc (c/a) 5006 (3.9) 3578 (2.7) 2922 (2.3) 2170 (2.3) 2814 (3.2) 3745 (3.8) 2900 (3.6) 1983 (3.8) 1376 (3.5) 635 (3) 524 (3.5) 412 (3.5) 312 (3.3) 

All years 21801 (3) 21319 (2.2) 18149 (1.9) 18545 (2.1) 21768 (2.5) 19739 (2.7) 13373 (2.6) 8913 (2.6) 6022 (2.4) 3434 (2.3) 2622 (2.4) 1693 (2.5) 1875 (2.8) 

18662 (3.1)16249 (2.3) 13248 (2) 13555 (2.2)16403 (2.6)15355 (2.8)10844 (2.8)7145 (2.8)4840 (2.6)2615 (2.4)2063 (2.6)1219 (2.4) 1217 (3) 



Table 2.10 

Clinic load (c) and clinic rate (c/a), for all JSSCD sample participants by genotype 

Age group 

0-1 2-3 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19 20-21 22-23 24-25 26-17 

73-75 All c (c/a) 2570 (3.4) 79(2) 

SS c (c/a) 925 (4.2) 38 (2.9) 

7&78 All c (c/a) 3820 (4^0 2156 (2.9) 499 (2.5) 

SS c (c/a) 2038 (5.9) 1014 (4) 266 (3.6) 

79-81 All c (c/a) 2998 (5.2) 2128 (3.8) 2039 (3) 1116 (2.6) 67 (1.9) 

SS c (c/a) 2144 (6.1) 1454 (4.6) 1152 (4.2) 581 (3.7) 31 (2.4) 

82-84 All c (c/a) 797 (5.7) 1818 (4.4) 2013 (3.9) 2093 (3.1)2307 (2.6) 574 (2.3) 

SS c (c/a) 712 (6.2) 1383 (4.6) 1291 (4.3) 1182 (4) 932 (3.7) 232 (3.3) 

8&a7 All c (c/a) 102 (4.1) 1175 (4.1) 1819 (3.7) 1981 (3.6)2504 (2.8) 1456 (2.6) 60 (1.7) 

SS c(cAO 98 (4.3) 944 (4.4) 1181 (4) 1191 (4.5) 1055 (3.8) 585 (3.6) 37 (2.3) 

8&90 All c (c/a) 584 (4.5) 1545 (3.8) 1748 (3.6) 2150 (3.1) 1909 (2.6) 442 (2.3) 

SS c(cAO 503 (4.8) 1032 (3.9) 1013 (3.9) 1067 (4) 772 (3.5) 209 (2.9) 

91-93 All c (c/a) 120 (4.1) 880 (3.3) 1604 (3.5) 1579 (3.2) 2129 (2.7) 1298 (2.7) 80 (2.2) 

SS c (c/a) 112 (4.5) 634 (3.4) 935 (3.6) 839 (3.6) 886 (3.7) 576 (4) 54 (3.2) 

94-96 All c (c/a) 414 (3.5) 1227 (3.5) 1589 (3.8) 1896 (3.3) 1988 (3.2) 500 (2.9) 

SS c (c/a) 331 (3.6) 770 (3.4) 954 (4.3) 970 (4.4) 962 (4.9) 275 (4.2) 

97-99 All c (c/a) 90 (4.1) 824 (3.7) 1424 (4.2) 1534 (4) 2016 (3.5) 1015 (3) 48 (2.5) 

SS c (c/a) 81 (4.5) 550 (3.5) 838 (4.3) 884 (4.7) 1058 (5.4)514 (4.6) 32 (4) 

All years c (c/a) 10185 (4.7) 6283 (3.4) 5726 (3.4) 5612 (3.5)6020 (3.2) 5706 (3) 5624 (3.2) 4865 (3) 4984 (3.1)4618 (3.4)3602 (3.1)2516 (3.2) 1015 (3) 48 (2.5) 

c (c/a) 5819 (5.6) 3987 (4.1) 3653 (4.1) 3447 (4.1)3298 (3.8)2934 (3.6) 2918 (3.7)2499 (3.5)2599 (3.6)2384 (4.2)1900 (4.3)1333 (4.8)514 (4.6) 32 (4) 
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Figure 2.2 

Participant eligibility, and participant load at the Jamaican sickle-cell clinic 
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2.4 Results one: Participant burden 

Period 

We present the number of eligible participants, and participant-load for clinic participants 

(Figure 2.2 a-b) and for JSSCD participants (Figure 2.2 c-d). 

Clinic sample eligibility increases approximately linearly throughout the study period 

(Figure 2.2a). The clinic sample patient load also rises throughout the study period, reaching 

an absolute peak in 1997-99 (all patients: 2890, SS patients: 2143) (Figure 2.2b). Annual 

participant rates were highest in the period 1982-84 (all genotypes: 64.8%, SS genotype: 

66.0%). The crude participant rate was 58.3% among all clinic patients and 61.5% among SS 

chnic patients. 

Eligibility among the JSSCD rises to a peak soon after the close of study recruitment (1982-

84), and decreases thereafter due to mortality and migration (Figure 2.2c). JSSCD 

participant load reached an absolute maximum during 1982-84 (all patients: 622, SS 

patients: 265) (Figure 2.2d). Annual patient rates were highest in the mid 1980's (ail 

genotypes, 1985-87: 86.3%, SS genotype, 1982-84: 97.2%). The crude patient rate was 80.5% 

among all JSSCD patients and 95.4% among SS JSSCD patients. 

OMd reWwe Zoad 

The relative participant eligibility, and relative participant load are presented in Figure 2.3 

for all participants and for SS participants. They fall rapidly to lows toward the end of 

JSSCD recruitment (1979-81) and rise thereafter. The closed nature of the JSSCD cohort 

defines its decreasing importance over time with respect to clinic attendance. Relative 

participant load is generally lower than relative eligibility, highlighting the higher 

participant rate within the JSSCD. 

Among all genotypes, relative participant load rises from a low of 1.75 (95% confidence 

interval 1.58 to 1.93) in 1976-78 to a high of 6.68 (6.23 to 7.16) in 1997-99. Among SS 

patients it rises from a low of 3.01 (2.77 to 3.26) in 1979-81 to a high of 11.90 (11.21 to 

12.64) in 1997-99. 

Age 

We present the number of eligible participants, and participant-load for clinic participants 

(Figure 2.2 e-f), and for JSSCD participants (Figure 2.2 g-h). 
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(a) Clinic participants 

Clinic sample eligibility increased from birth to a plateau between 10-24 years of age, and 

decreased slowly thereafter (Figure 2.2e). Participant load followed a similar pattern (Figure 

2.2Q. 

(h) JSSCD participants 

JSSCD eligibility decreased steadily with age as participants died or migrated. As of 

December 31, 1999, JSSCD participants were between 18 and 26 years of age, and eligibility 

decreased sharply between these ages (Figure 2.2g). JSSCD participant load mirrors the 

pattern of decreasing eligibility (Figure 2.2h). Among JSSCD participants there was a dip in 

participant load between the ages of two and seven. This dip was not seen in SS 

participants. 

Generally, the percentage of eligible participants presenting in any given calendar year or at 

any given age is increased among JSSCD participants, and among SS participants. 

Figure 2.3 

Relative patient eligibility and relative patient load between the clinic study and the JSSCD 
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2.5 Results two: Annual clinic burden 

The marginal effects of calendar period and age on clinic load and clinic rate are examined 

using line graphs (Figure 2.4 a-h). The investigation is then extended with the examination 

of the joint effects of calendar period, age and cohort using contour plots (Figure 2.5 a-d and 

Figure 2.6 a-d). 

Clinic load rises steadily throughout the calendar period. A jump is evident at the close of 

JSSCD recruitment (1981), and probably represents the return of the Victoria Jubilee 

Hospital SCD births to the clinically ascertained population. Over the nine 3-year calendar 

periods, the clinic has seen a 10-fold increase in attendance (3668 presentations in 1973-75, 

increasing to 35682 presentations in 1997-99) (Figure 2.4 a). Clinic rate ranges between 2 

and 3 presentations per participant per year, with an upward shift in clinic rate in the early 

1980's (Figure 2.4 b). 

Clinic load peaks at the end of JSSCD recruitment (Figure 2.4 c). Clinic rate is generally 

stable at between 3 and 4 presentations per participant per year for the entire JSSCD 

sample, and between 4 and 5 presentations per patient per year among JSSCD SS 

participants (Figure 2.4 d). 

Among the clinic sample, clinic load has two peaks; early childhood (ages 0-4), and early 

adulthood (ages 20-24). Thereafter, presentations decrease rapidly due to a decreasing 

patient load (Figure 2.4 e). The clinic rate is highest in early childhood, dips during 

adolescence, before settling to values below 3 presentations per participant per year in 

adulthood (Figure 2.4 f). 

Among the JSSCD, clinic load reflects the decreasing participant ehgibility with increasing 

age. Highs in the first 2 years of life decrease rapidly, stabilise in adolescence, and fall 

towards zero after 18 years of age (Figure 2.4 g). A high clinic rate of around 5 presentations 

per participant per year settles to values between 3 and 4 in adolescence, and rises again in 

early adulthood, especially among SS participants (Figure 2.4 h). 
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Using contour plots, the interaction between age, period, and cohort are more evident (see 

Figure 2.5 and Figure 2.6). 

The sharp rise in clinic load at the end of JSSCD recrnitment (1979-1981) is seen primarily 

among patients aged 30 years or less, whilst the high early childhood and early adulthood 

clinic loads are only apparent from 1990 onwards (Figure 2.5 a). The pattern of participant 

load for SS participants is broadly similar (Figure 2.5 c). 

The sharp rise in clinic rate seen at the end of JSSCD recruitment is seen across all ages. 

Clinic rates peak in early childhood (ages 0-4) for all calendar years, in early adulthood (ages 

20-39) in the 1990's, and in older adults (ages 54-64) around 1990 (Figure 2.5 b and d). 

The passage of the JSSCD population through time is striking. The high early life clinic load 

(ages 0-3) persists for the 8-year window of recruitment, and this largely explains the very 

different period and age trends seen on the 1-dimensional projections (Figure 2.6 a,c). Clinic 

rates are generally stable, with a tendency for increased rates early in life (ages 0-3) and for 

the latter half of the JSSCD recruits (recruitment 1987-1981) (Figure 2.6 b,d). This cohort 

effect will be due in part to the design change of JSSCD follow-up (see Table 2.3). 
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Figure 2.4 

Clinic load and clinic rate by calendar period (a-d) and by age (e-h) 
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Figure 2.5 

Clinic load for all participants (a) and for SS participants (c), and clinic rate for all participants (b) and for SS participants, among the clinic sample. 
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Figure 2.6 

Clinic load for all participants (a) and for SS participants (c), and clinic rate for all participants (b) and for SS participants, among the JSSCD sample. 
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2.6 Results three: Monthly clinic burden 

Seasonal fluctuations in clinic load should be expected and will be due to variation in the 

level of sick visits (21) and the structure of routine appointments. 

2.6.1 Period effects 

Figure 2.7 

Monthly clinic load among (a) the clinic participants and (b) the JSSCD 
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(a) Clinic participants 

The numbers of routine and sick visits are similar until the early 1980's and diverge abruptly 

thereafter (Figure 2.7 a). 

(b) JSSCD participants 

The numbers of routine and sick visits are roughly comparable. Routine attendance spikes 

from 1985 onwards highlight the annual JSSCD review of participants (Figure 2.7 b). 
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2.7 Discussion 

We summarise some main findings from this investigation of attendance: 

O During the 27-year period from 1973 to 1999, there has been a continual increase in 

the number of people visiting the clinic (participant load) and the number of clinic 

appointments (clinic load). 

« Clinic load has increased 10-fold, rising from 3668 presentations in the period 1973-

1975 to 35682 presentations in 1997-99. This increasing trend has been approximately 

linear throughout the period. 

» This increase in clinic load is due to an increase in the size of the eligible participant 

sample and an increase in the number of visits per person per year (clinic rate). 

* Clinic rate was highest among young children (ages 0-4) at all times and young 

adults (ages 20-39) during the 1990'8 

The importance of the JSSCD at a contributor to patient and clinic burden has been 

decreasing since the close of JSSCD patient recruitment, and will continue to do so. 

• The age structure of the clinic sample has stabilised, whilst the age structure of the 

JSSCD continues to increase (Table 2.11). The clinical management of SCD for the 

clinic sample should already be based on the correct demographic profile. Research 

using the JSSCD participants must continue to adapt to the emerging complications 

of adulthood. 

Serjeant and Hutson provided the only published record of Jamaican sickle-cell clinic 

attendance (1952-1982) (1) and showed an aging clinic in the first 15 years of the clinic and 

stability thereafter. Median age with associated median absolute deviation (22) for the 

period 1973 to 1999 for clinic and JSSCD study groups confirms the continuing age stability 

for the clinic study and an increasing age structure among the JSSCD. The median JSSCD 

age exceeded that of the main study for the first time in 1999 and will continue to increase 

as the JSSCD are followed through adulthood. 

Participant and clinic burden provide important basic information for healthcare provision. 

In particular, knowledge of how these burdens are likely to change in the near future can 

guide timely alterations in healthcare supply. 

In SCD research, all data on disease complications are collected directly from the clinic 

environment. The quantity and quality of data is fundamentally dependent on the ability to 

accurately collect comprehensive clinical data. The changing demand on the clinical 
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environment, and the clinic's ability to adapt to such changes has quality implications for 

subsequent research. 

Table 2.11 

Median age (median absolute deviation) by calendar period and study group. 

Calendar period Clinic sample JSSCD 

1973-75 20.21 (8.32) 0.50 (0.33) 

1976-78 20.51 (8.35) 1.75 (1.02) 

1979-81 19.97 (8.92) 3.50 (2.00) 

1982-84 19.55 (8.84) 6.54 (2.22) 

1985-87 20.15 (9.67) 9.75 (2.00) 

1988-90 20.67 (10.19) 12.75 (2.00) 

1991-93 21.99 (10.49) 15.75 (2.00) 

1994-96 22.83 (10.97) 18.89 (1.90) 

1997-99 22.55 (11.84) 21.75 (2.00) 
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2.8 Appendix One 

Sickle-cell Unit clinical coding system. 

The Jamaican sickle cell unit 2.29 

Code id Description Code id Description 

Infections: general 
al 1 Chicken pox a7 7 Unused 
a2 2 Mumps a8 8 Unused 
a3 3 Measles a9 9 Unused 
a4 4 Pertussis aO 10 Unused 
a5 5 Diptheria a- 11 Unused 
a6 6 Unused a+ 12 

a- 13 
Infections: GI tract and upper respiratory tract 
bl 21 Diarrhoea - no culture sent b7 27 Oral Monilia 
b2 22 Diarrhoea - no pathogen b8 28 TonsilUtis 
b3 23 Diarrhoea - E. coli b9 29 URTI (without tonsiUitis) 
b4 24 Diarrhoea - Salmonella bO 30 Vomiting ? cause 
b5 25 Diarrhoea - Shigella b- 31 Acute gastroenteritis 
b6 26 Diarrhoea - Other b+ 32 -

B* 33 Stool culture, pending result 
Infections: Localised 
el 41 Otitis externa c7 47 Osteomyelitis - salmonella 
c2 42 Otitis media (acute) c8 48 Osteomyelitis - other 
c3 43 conjunctivitis & eye infections c9 49 Osteomyelitis - suspected 
c4 44 Unused cO 50 Venereal disease 
c5 45 Unused c- 51 MSU, culture sterile 
c6 46 Unused c-h 52 MSU, confirmed UTI 

c* 53 MSU pending result 
Dactylitis, Painful Crisis, and Avascular Necrosis of Bone (AVN) 
dl 61 Acute dactylitis d7 67 AVN femoral head - joint 

damage 
d2 62 Shortened small bones d8 68 AVN femoral head - no 

joint damage 
d3 63 Osteomyelitis of digits d9 69 AVN other sites 
d4 64 Mild bone pain do 70 AVN ribs or sternum 
d5 65 Painful crisis requiring peth / sosegon d- 71 -

d6 66 Abdominal painful crisis (distention d4- 72 Day care admission 
±decreased or absent bowel sounds) 

d* 73 -

E.N.T 
el 81 Perforated drum e7 87 
e2 82 Permanent deafness, 1 or 2 ears e8 88 
e3 83 Nosebleed 69 89 
e4 84 Dental abcess eO 90 Other 
e5 85 6- 91 
e6 86 e+ 92 

e* 93 
Urogenital System: Male 
fl 101 Stuttering priapism n 107 
f2 102 Major priapism f8 108 
f3 103 Impotence f9 109 
f4 104 Gynaecomastia with stilboestrol fO 110 
f5 105 Gynaecomastia without stilboestrol f- 111 
f6 106 - f+ 112 

f* 113 
Gastrointestinal Tract 
gl 121 Non-specific abdominal pain g7 127 Large bowel lesion 
g2 122 Pica g8 128 Hernia 
g3 123 Vomiting ? cause g9 129 DU symptoms Endoscopy 
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NAD 
g4 124 Symptoms suggestive of DU gO 130 Suspected worms 
g5 125 DU (endoscopy or barium meal) g- 131 Other GI problems 
g6 126 Small bowel lesion g+ 132 Constipation 

g* 133 
Heart 
hi 141 Congenital heart disease h7 147 
h2 142 Rheumatic heart disease h8 148 
h3 143 Heart failure h9 149 
h4 144 Hypertension (diastolic >90) hO 150 Other heart problems 
h5 145 h- 151 
h6 146 h+ 152 

h* 153 
Liver and Spleen 
il 161 Hepatitis / hepatic abscess i7 167 ASS (clinical) 
i2 162 Hepatomegaly > 3cm 18 168 ASS (subclinical) 
i3 163 Hepatic sequestration i9 169 Hypersplenism 
i4 164 Acute cholecystitis iO 170 Splenic Infarction 
i5 165 Acute cholestasis i- 171 
i6 166 Cholelithiasis i+ 172 
Chronic Diseases 
j l 181 Diabetes j7 187 BMT 
j2 182 SLE j8 188 
j3 183 Cirrhosis j9 189 
j4 184 HIV + jO 190 
j5 185 HTLVl+ j- 191 
j6 186 HBSAg + j+ 192 

j* 193 
Kidney Problems 
kl 201 Enuresis k7 207 Urinary retention 
k2 202 Haematuria kg 208 Oedema (renal or non-renal 

origin) 
k3 203 Nephrotic syndrome k9 209 -

k4 204 Acute nephritis kO 210 Other 
k5 205 Acute renal failure k- 211 -

k6 206 Chronic renal failure k+ 212 -

k* 213 -

Locomotor problems 
11 221 Fracture of bone 17 227 -

12 222 Osteoarthritis 18 228 -

13 223 Ankle fixation from leg ulceration 19 229 -

14 224 Gout 10 230 Other 
# 225 Mechanical neck and back pain 1- 231 -

m 226 Rheumatoid arthritis 1+ 232 -

1* 233 -

Miscellaneous 
ml 241 Malnutrition m7 247 Other psychological disorder 
m2 242 Trauma m8 248 
m3 243 Depression m9 249 
m4 244 Malignant disease mO 250 
m5 245 Poor school performance m- 251 
m6 246 Medical certificate m+ 252 

m* 253 
Nervous system 
nl 261 Cerebral palsy n7 267 Fits - epileptic 
n2 262 Mental retardation n8 268 Fits - febrile 
n3 263 Vertigo n9 269 Fits - other 
n4 264 Migraine nO 270 Other 
n5 265 Cerebro-vascular accidents n- 271 Non migraine headaches 
n6 266 Brain damage other than CVA n+ 272 -

n* 273 
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Ophthalmic 
ol 281 PSR - no treatment o7 287 
o2 282 PSR - Xenon photocoag 08 288 
o3 283 PSR - Argon laser o9 289 
o4 284 PSR oO 290 Eye visit - No PSR 
o5 SWS 0- 291 
od 286 0+ 292 

0* 293 
Haematopoietic system 
pi 301 Presumed aplastic crisis P7 307 Confirmed B19 infection 
p2 302 Lymphadenopathy p8 308 Haemorrhage 
p3 303 Unexplained hypoplasia p9 309 -

p4 304 Megaloblastic change pO 310 -

p5 305 Iron deficiency P- 311 -

p6 306 Combined folate and iron deficiency P+ 312 -

p* 313 -

Infections / fever 
ql 321 Septicaemia - pneumococcal q7 327 Meningitis - other bacterial 
q2 322 Septicaemia - H.influenzae B q8 328 Meningitis - viral 
q3 323 Septicaemia -Salmonella q9 329 Suspected meningitis 
q4 324 Septicaemia -E Coli qO 330 Non-specific viral illness 
q5 325 Septicaemia -Other q- 331 Blood culture sterile 
q6 326 Meningitis - pneumococcal q+ 332 PUO (ill child, T 100.4 / 

38.0 ? (cause) 
q* 333 Blood culture, pending 

result 
Respiratory system 
r l 341 Wheezy bronchitis r7 347 Asthma 
r2 342 Bronchitis rS 348 Chest signs (CXR nad, no 

CXR) 
r3 343 Bronchiolitis r9 349 -

r4 344 Croup rO 350 Other respiratory problem 
r5 345 Acute Chest Syndrome (abnormal r- 351 -

CXR) 
r6 346 Unused r+ 352 -

r* 353 Presumed ACS, no result 
Skin 
si 361 Abcess s7 367 Scabies 
s2 362 Cellulitis 88 368 Acne 
83 363 Eczema s9 369 Leg Ulceration > 3cm 
s4 364 Impetigo / skin sepsis sO 370 Other 
85 365 Dermatitis s- 371 Skin trauma, cuts etc. 
s6 366 Tinea S+ 372 -

8* 373 -

Transfusion / treatment 
t l 381 
4. 

Transfusion t7 387 
X 

t2 382 
4. 

Transfusion trial (stroke) t8 388 
t 
t3 383 Painful crisis trial (pentoxyf.) t9 389 
t4 384 Oral contraceptive trial to 390 
t5 385 Depoprovera trial t- 391 

386 Hydroxyurea t+ 392 
t* 393 

Urogenital system: female 
ul 401 Menarche - (visit type V) u7 407 Contraception -

medroxyprogesterone 
u2 402 Spontaneous abortion u8 408 Contraception - lUD 
u3 403 u9 409 Contraception - TL 
u4 404 Stillbirth uO 410 Hysterectomy 
u5 405 Live delivery u- 411 Vaginal discharge / PID 
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u6 406 Contraception - oral u-f 412 Other gynecological 
problems 

u* 413 Pregnancy 
Surgery: general anaesthesia 
vl 421 Skin grafting v7 427 Caesarean section 
v2 422 Debridement of leg ulcers v8 428 D and C 
v3 423 Ocular Surgery v9 429 Other gynaecological surgery 
v4 424 Neurosurgery vO 430 Drainage of osteomyelitis 
v5 425 Penile surgery V - 431 Hip replacement 
v6 426 Breast surgery v-h 432 Other orthopaedic 

procedures 
V * 433 -

Surgery: local anaesthesia 
xl 461 Pinch grafting of leg-ulcers x2 462 Other minor surgery 

Routine clinic visit 
yl 481 Steady state 
y2 482 

Death 
zl 501 Death 
t Excluded from steady state for 90 days post transfusion. 
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Chapter 3 

Recruiting participants 

Background 

Without early-life screening, patients are identified through siblings or family studies, or are clinically 

ascertained as they present to the healthcare system with clinical events. Reliance on clinical 

ascertainment impacts adversely on clinical practice, public health policymaking and research, yet it 

remains the only available method of patient identification for many SCD populations. Although the 

benefits of screening are well known, the extent of these benefits is less clear. 

Methods 

We conducted a retrospective clinic-based study of enrolment to outpatient clinics, using three 

outpatient facilities in Jamaica; the country's only specialist referral centres for sickle-cell disease since 

1973. All patients enrolling to clinic for the first time between 01 January 1973 and 31 December 1999 

and diagnosed with homozygous sickle-cell disease or sickle-cell (SC) disease were eligible for the 

study. In a setting without comprehensive neonatal screening, we predicted the percentage of people 

with sickle-cell disease that will enrol in a specialist clinic by 18-years of age, and the percentage of 

affected people with homozygous sickle-cell disease that will enrol early enough to beneSt from 

penicillin prophylaxis (which is offered until five years of age). Among clinic enrollers we quantified 

the age at enrolment. 

Findings 

Between 1973 and 1981, 19% of Jamaica's newborns were screened. None were screened between 1982 

and 1994, and 17% were screened between 1995 and 1999. Most patients (85% SS, 80% SC) are 

clinically well at first visit, suggesting that referral from elsewhere in the healthcare system is the 

primary mode of clinical ascertainment. Among unscreened homozygous sickle-cell disease patients, 

observed enrolment by five years of age was 10.1% (95% confidence interval 5.7 to 16.7) among 1974 

births and is predicted to rise to 35.7% (35.0 to 36.4) among 1999 births. Observed enrolment by 18-

years of age waa 45.9% (35.7 to 58.2) among 1974 births, and is predicted to peak at 61.9% (60.5 to 

63.2) among 1984 births, then fall to 48.9% (40.9 to 56.9) among 1999 births. Among unscreened 

enrollers, median age at enrolment was 10.5 years (9.9 to 11.2) in SS patients. 

Interpretation 

Among people born in Jamaica in 1999 with sickle-cell disease, almost 65% have not enrolled to our 

specialist clinics by five years of age and so will not benefit from important early-life clinical 

interventions. We predict that over half will not enrol for specialist clinical care during their 

childhood. Among SS disease patients that do enrol, over half do so in adolescence and adulthood 

when management is less focused on preventive care. Without a comprehensive screening programme 

the economic and social impact of the disease is likely to be underestimated. Programmes for 

systematic disease identification must be considered in countries with a substantial burden of this 

disease. 
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3.1 Introduction 

r r i he process of recruiting a patient to a sickle cell disease research programme has two 

complimentary features: disease ascertainment and patient enrolment. Disease 

ascertainment is the process of identi^ing SCD in an individual. Enrolment involves the 

subsequent identiGcation of a sample of SCD participants. Because of age variation in 

disease ascertainment, participant enrolment is the single most important design 

consideration in SCD research. Differing enrolment criteria severely inhibit the ability to 

directly compare published research. Enrolment using early life screening is possible and 

neonatal screening is now universally considered the gold standard for patient care and 

enrolment to studies. 

3.2 The importance of early disease ascertainment 

Simple, reliable and inexpensive neonatal screening procedures to detect homozygous sickle-

cell disease are available (1), and there is evidence from observational studies that newborn 

screening programmes can lead to substantial reductions in morbidity and mortality if linked 

to subsequent and appropriate patient-care and parental education. Mortality of 1.8% in the 

first 10 years of life among neonatally screened patients versus 8% among clinically 

ascertained controls has been reported (2). 

Based on the proven efficacy of penicillin prophylaxis in the prevention of pneumococcal 

infections in the young child with homozygous sickle-cell disease (3), screening for all 

neonates in the US irrespective of ethnicity has been advocated by the National Institutes of 

Health since 1987 (4). In the United Kingdom, reports commissioned by the National Health 

Service advise universal neonatal screening in regions with more than 0.5-1.8 cases of sickle-

cell disease per 1000 live births, with targeted screening elsewhere (5;6). The World Health 

Organisation working group on haemoglobinopathies recommended national sickle-cell 

programmes including neonatal screening in countries where the disease constitutes a 

'common public-health problem' (defined as more than 0.5 affected patients per 1000 live 

births, in countries where the infant mortality rate has fallen to less than 40 per 1000 

births), and where the country's infrastructure and health services allow such an approach 

(7). 

Screening guidelines have been widely adopted in the US (8). In the absence of national 

guidelines, screening programmes exist in many countries, either targeting regions of special 

concern, or on a project basis (9-11). To our knowledge, many more countries in which 

sickle-cell disease constitutes 'a common health problem' have not introduced a neonatal 

screening programme for sickle-cell disease. 

This reluctance to screen may be due to under-estimating the benefits of screening. We 

therefore estimate the proportion of unscreened patients that will eventually enrol in the 

sickle-cell clinics by selected ages, and we report the age at enrolment among unscreened 
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homozygous sickle-cell disease patients referred to three sickle-cell facilities in Jamaica. This 

baseline information is an important Arst step in quantising the social and economic impact 

of screening versus not screening for homozygous sickle-cell disease at birth. 

With an infant mortality of 24.5 per 1000 births (12) and approximately three cases of 

homozygous sickle-cell disease per 1000 live births, the disease is a common public health 

problem in Jamaica, a lower-middle income country (13). The burden of disease in Jamaica 

has shifted from paediatric and infectious disease to chronic illness (14). Given this 

epidemiological transition, our results are particularly relevant to many low and lower-

middle income nations whose demographic pattern of diseaae is following a similar process 

(15). 

3.3 Chapter plan 

We report the proportion of islandwide sickle-cell disease births (SS and SC disease 

genotypes) that have enrolled in the Jamaican sickle-cell clinics - the notion of clinic 

coverage, then predict future enrolment among those people born recently with sickle-cell 

disease. In section 3.4 we examine the possible disease ascertainment strategies, and in 

sections 3.5 and 3.6 we describe screening policies for some SCD populations. In section 3.5 

we include an analysis of the trait frequencies reported in the first nine years of a screening 

programme in Campinas, Brazil. In section 3.6 we include a case study examining factors 

affecting the probability of neonatal screening in the current Jamaican government screening 

programme. In sections 3.7 to 3.9 we analyse enrolment to the Jamaican sickle-cell clinics. 

3.4 Disease ascertainment strategies 

Two strategies exist to identify the sickle cell haemoglobin disorders: antenatal and neonatal 

screening (16). 

and acreenmg 

Antenatal haemoglobinopathy screening allows the identification of pregnancies at risk of an 

affected fetus. The diagnosis procedure is sequential. Mothers are carrier tested, and if 

positive for a haemoglobin disorder, partner testing is performed. For potentially affected 

foetuses ascertained through parental carrier testing, prenatal diagnosis is available. 

Termination of pregnancy is a final option available to parents of an affected foetus. The 

goal of antenatal screening should be to allow reproductive choice over affected pregnancies 

rather than a reduction in disease incidence. Despite this, affected births and number of 

terminations have been used as measures of antenatal screening program failure and success 

respectively (17). 

Neonatal screening is the identification of newborns affected with a haemoglobin disorder, 

and not already diagnosed using pre-natal diagnosis. Enrolment into a comprehensive care 

facility with initiation of penicillin prophylaxis is the primary objective. In SCD, if diagnosis 
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is beyond the conventional neonatal period (4 weeks), it should ideally be before the onset of 

symptoms (generally between 3 and 6 months). Post-neonatal diagnoses within the Srst six 

months of life are often classified as neonataDy screened for the purposes of research (18), 

although the validity of this classification will depend upon the reason for clinic enrolment. 

,9..̂ .,8 f/mferaa/ ge/ec(we acreenmg 

A universal antenatal screening programme offers antenatal screening to all pregnant 

women. A universal neonatal screening programme screens all newborns not diagnosed 

prenatally. A selective antenatal or neonatal programme identifies a subgroup of women at 

increased risk of a haemoglobin disorder (e.g. non North Europeans in the UK). For neonatal 

screening a third option exists - a targeted programme - which takes into account the 

parental carrier status in order to decrease the number of neonates requiring screening still 

further. Universal screening requires increased resources and, for antenatal screening, 

involves an increased risk of adverse screening outcomes. Selective screening can miss SCD 

caaes, and the administration costs of selecting the population subgroup are expected to 

increase with increasing racial admixture (19). 

3.5 Current guidelines and practice 

Since the early 1970's neonatal diagnosis of the haemoglobinopathies has been available 

(20;21), and early screening programs were quickly initiated (22;23). The World Health 

Organisation summarised the programmes available in many countries by the mid-1980s (7) 

Antenatal and neonatal screening are regarded as a standard feature of healthcare delivery 

(24). Moreover, it has been established as legally unacceptable to have specific policies not to 

neonataUy screen high-risk population subgroups (25). The primary policy decision for UK 

health authorities is therefore between universal and selective neonatal screening. The first 

guidelines were published in the late 1980's (26). In 1993, Standing Medical Advisory 

Committee (SMAC) guidelines suggested universal neonatal screening for authorities with 

greater than 15% of their antenatal population at risk from SCD (27). This incidence was 

based on a single locality and has been criticised (28). In 1999 and 2000, reports 

commissioned by the National Health Service Health Technology Assessment programme, 

developed decision models for all UK district health authorities for the comparison of the 

cost-effectiveness of universal and selective screening based on maternal ethnic status (5;6). 

In these models universal neonatal screening was advised in regions with more than 0.5 to 

1.8 cases of sickle-ceU disease per 1000 Hve births, with targeted screening elsewhere. With 

these reports still to be assessed and implemented, current practice is inconsistent (10). 

Guidelines from the USA, and the World Health Organisation (WHO) can be categorised 

into one of three types: (i) a decision on universal or selective neonatal screening should be 
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made at the local level, and should take into account disease prevalence, cost effectiveness 

and available resources (9;29), (ii) universal screening should be the preferred methodology 

due to the (increasing) difficulties of targeting high-risk groups by assigning ethnic origin 

(30;31), (iii) selective screening should be the preferred methodology, with universal 

screening reserved for areas with high-risk sub-populations (32). The first statewide 

screening program began in 1975 and was fully implemented in 1978 (33). In the light of 

overwhelming evidence for the benefits of early life screening, an NIH Consensus 

Development Conference concluded that every child should be screened early for sickle cell 

disease to prevent death during infancy (30). Program development was encouraged by 

direct funding (34). By 1994, 41 states, along with the territories of Puerto Rico and the US 

Virgin Islands had statewide programs. Thirty-six of these screen all infants (universal 

screening), and the remaining seven are geographically or demographically targeted 

programs. 

Jamaica 

There are no government guidelines on antenatal or neonatal screening. The primary 

practical source of screening is coordinated by the Sickle Cell Unit at the University Hospital 

of the West Indies in Kingston. Details are presented in section 3.6 and factors influencing 

the uptake of screening are presented in the accompanying case-study. 

With the high incidence of SCD and the continued burden of malaria on SS patients, the 

provision of early life screening is a major public health necessity. A recent report describes 

the initiation of antenatal diagnosis in Nigeria (35) and highlights that this technique is still 

not affordable for the majority of at risk parents. The first large scale neonatal screening 

programme for SCD in tropical Africa began in Kumasi, Ghana, in February 1995 (36). 

Provision remains inadequate. 

J. 5 Brazi/ 

In Brazil, the most comprehensive newborn screening programme started in Minas Gerais in 

1998 (37), and a programme in Campinas, Sao Paulo State began in 1992, and has proceeded 

more slowly. In the following case-study we assess the HbS allele frequency recorded in the 

first 9 years of the Campinaa programme. 
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3.5.6 Case Study 1: Screening for sickle-cell disease in Brazil 

Data are available on AFS and AFC trait frequencies between 1992 and 2000 in Brazil, 

which we present in Table 3.1. There is evidence of a secular increase in trait rates, and we 

investigate possible reasons for this increase. 

(a) Methods 

We investigated the stability of trait frequencies during this 9-year period. We present 

annual trait incidence rates per 100 screened patients in Table 3.1, along with ninety-five 

percent jackknife confidence intervals, which are appropriate when the Poisson assumption 

(random occurrence of trait samples in time) is questionable. Any secular trend in trait 

frequency would violate this distributional assumption. 

We described annual trait rates using a random-effects log-linear model, which allowed the 

longitudinal nature of the data and the differential effects of individual hospitals to be 

incorporated into the analysis. We examined two questions; (1) Is this change in secular trait 

frequency explained by enrolment of new hospitals during the screening period, which may 

have differential trait rates, and (b) do trait rates vary within the same hospital (perhaps 

due to increasing sensitivity in trait detection)? 

The programme has identified participants as one of six possible genotypes: AA, AS, AC, SS, 

SC, and CC. The locus for sickle-cell disease has been examined for the three associated 

alleles: PA, pS, and pC. We tested whether the observed genotype frequencies are consistent 

with the Hardy-Weinberg equilibrium. 

Table 3.1. 

Frequency of AFS and AFC traits in Campinas, Brazil 

Year AFS AFC Population 
AFS 

Incidence 
AFS 95% ci 

AFC 

incidence 
AFC 95% ci 

1992 8 3 379 2.11 (1.09-4.69) 0.79 (0.25-3.86) 

1993 20 6 1110 1.80 (1.18-2.88) 0.54 (0.25-1.42) 

1994 150 57 9702 L55 (1.32-1.82) 0.59 (0.46-0.77) 

1995 200 55 11713 1.71 (1.49-1.96) 0.47 (0.36-0.62) 

1996 336 119 22563 1.49 (1.34-1.66) 0.53 (0.44-0.63) 

1997 567 216 40838 1.39 (1.28-1.51) 0.53 (0.46-0.61) 

1998 1126 367 62632 1.80 (1.7-1.91) 0.59 (0.53-0.65) 

1999 1214 369 62995 1.93 (1.82-2.04) 0.59 (0.53-0.65) 

2000 1576 423 69952 2.25 (2.15-2.37) 0.60 (0.55-0.67) 

(b) Results 

The small AFS and AFC trait frequencies in the first two years of screening are reflected in 

the wide confidence intervals. The log-linear test for trend performed independently for AFS 

and AFC trait rates suggests a linear increase in trait frequency between 1992 and 2000 for 
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both traits (AFS rate ratio 1.07, ci 1.05-1.09, %^=83.3 p<0.001. AFC rate ratio 1.07, ci 

1.05-1.08 x^=80.2 p<0.001). There is approximately a 7% increase in both AFS and AFC 

trait frequency for every 1-year secular progression. 

Table 3.2. 

Years of screening data provided by 81 participating hospitals 

Screening data Number of 
provided (years) hospitals 

Complete years 
1992-2000 1 
1993-2000 0 
1994-2000 1 
1995-2000 1 
1996-2000 12 
1997-2000 47 
1998-2000 1 
1999-2000 1 

2000 11 
Partial years 

1997, 1998, 1999 1 
1997, 1998, 2000 2 

1998 1 
2001 (no data yet) 2 

81 

Hospitals joined the screening programme between 1992 and 2000, and provide screening 

information in subsequent years with frequencies shown in Table 3.2. 

The majority of hospitals enrol in one of three years: 1996 (12 hospitals or 15%), 1997 (47 or 

58%), or 2000 (11 or 14%). Secular investigations will be dominated by these three years. A 

single hospital that provided only partial information during one year (1998) and 

subsequently left the screening programme, and two hospitals who entered the programme in 

2001 were not included in the analysis. 

Using the Poisson model, the unadjusted secular increase in AFS trait frequency between 

successive years of screening was approximately 10% per year (rate ratio 1.10 95% ci 1.08-

1.12 p<0.001). This secular increase remained important after adjusting for year of entry 

into the screening programme (rate ratio 1.16 95% ci 1.11-1.21 p<0.001). Year of entry to 

the screening programme had some effect on AFS trait frequency levels, but changes to the 

trait detection rate within hospitals must also be a factor. 

In Figure 3.1 we present the estimated annual trait rates stratified by year of entry into the 

screening programme. In Table 3.3 we present the AFS frequency rate differences of hospitals 

recruited in each year, compared to hospitals recruited in 1997 (the largest group of ' 

hospitals). Only hospitals recruited in 2000 had a marginally significantly increased AFS 

trait frequency (AFS trait difference 0.34 95% ci 0.06 to 0.61 p=0.02). 
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Table 3.3. 

Trait frequency for hospitals entering the screening programme in each year from 1992 to 2000, 

compared to hospitals entering the programme in 1997. 

Year of entry to 
screening programme 

Difference in AFS trait frequency 
in the year 2000 (95% ci) 

Pr 

1992 -0.12 (-0.77 to 0.53) 0.72 

1993t - -

1994 0.13 (-0.46 to 0.72) 0.66 

1995 0.39 (-0.21 to 0.99) 0.21 

1996 -0.05 (-0.30 to 0.20) 0.68 

1997$ - -

1998 -0.37 (-1.07 to 0.33) 0.30 

1999 -0.76 (-2.03 to 0.51) 0.24 

2000 0.34 (0.06 to 0.61) 0.02 
"I" No hospitals entered the screening programme in 1993 

Reference category 

Observed and expected frequencies (assuming Hardy-Weinberg equilibrium) are presented in 

Table 3.4. 

Table 3.4. 

Observed genotype frequencies and expected genotype frequencies for the (3A, (3S and the pC alleles, 

assuming Hardy-Weinberg equilibrium. 

AA AS AC SS SC CC Total 

Observed (0) 275 016 5197 1615 29 26 1 281 884 

Expected (E) 275 002.5 5216.141 1622.821 24.734 15.391 &394 281 884 

(O-E)VE 0.0007 0.0702 0.0377 0.7360 7.3147 0.8118 8.97 

The overall chi-squared statistic of 8.97 provides evidence for a departure from the Hardy-

Weinberg equilibrium. Examining the individual chi-squared values, we note that most of 

the departure from Mendelian genetics comes from the SC genotype (its chi-squared value is 

7.31 which represents 81.5% of the variation from H-W). In contrast, the SS genotype 

represents 0.74/8.97 or 8.20% of the variation from H-W. The Brazilian screening 

programme does not see an excess number of SS cases, but does see an excess of SC cases. 
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Figure 3.1 

Predicted trait frequencies for the years 1992-2000 among 78 hospitals stratified by year of entry into 

the screening programme, allowing for different longitudinal trends. 
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3.6 Disease ascertainment at the Jamaican sickle-cell clinic 

In Jamaica, the British Medical Research Council initiated geographically targeted neonatal 

screening in June 1973. The programme screened all non-operative live births from a single 

hospital in Kingston (Victoria Jubilee) for eight years (to December 1981) for recruitment to 

the JSSCD (see Chapter Two). From 1982 to 1994, there was no screening in Jamaica. In 

1995 neonatal screening, funded by the Jamaican government and coordinated by the SCU, 

re-commenced at three hospital sites in Kingston, and is reviewed in the following case-

study. 

3.6.1 Case Study 2: The uptake of neonatal screening for sickle-cell disease in Jamaica 

High rates of screening are needed for screening programmes to have a significant impact in 

reducing mortality and morbidity from inherited conditions. In this case-study we evaluated 

the uptake of the government neonatal screening programme in Jamaica. We determined 

the uptake of neonatal screening for sickle cell disease in 1999 at two Kingston hospitals, and 

investigated factors associated with increased screening. 

(a) Material and methods 

Infants born at two hospitals in Kingston (Victoria Jubilee and the University Hospital of 

the West Indies) between 01 January and 31 December 1999 were eligible for inclusion. 

Stillbirths were excluded. Details collected by both hospitals included date of birth, gender, 

the time of delivery, the type of delivery (vaginal or caesarean section), hospital personnel 

attending the delivery (doctor or midwife), whether the delivery was pre-booked, mother's 

age, birth weight (in kg), and the number of previous live-births, still-births and abortions 

the mother had experienced. UHWI additionally collected information on APGAR scores at 



Chapter Three Patient recruitment 3.10 

1 and 5 minutes post-delivery, location of the birth (before arrival at the hospital, in the 

labour-ward, in the labour-ward theatre, in the operating theatre), and whether the delivery 

waa routine or an emergency. VJH additionally collected information on the mother's 

marital status, and the location of the birth (before arrival at the hospital, or in the 

hospital). 

We tabulated all demographic variables by hospital, and by whether the 

birth was screened. Complete distributions of continuous variables were graphed by hospital 

and whether the birth was screened. We formally examined differences in mothers' ages and 

in birth weight for screened and unscreened babies in each hospital using Normal linear 

regression. 

We present a proGle of the weekly proportion of screened births for each hospital. We used a 

running mean, which averaged totals from every four consecutive week period. This 

technique smoothed the curve slightly, which improved its visual appeal, and highlighted 

any true trends above the 'noise' of weekly fluctuations. We used histograms to show the 

percentage of daily unscreened births in each hospital, which highlighted any days with 

particularly large levels of unscreened births. 

We used logistic regression to examine the role of the various demographic characteristics on 

the odds of being screened. A preliminary model examined differential screening between the 

two hospitals. Separate models were then fitted for each hospital. The logistic models 

clustered births by date of birth to account for the possibility that two births on the same 

day are more likely to have a similar odds of screening than two births on different days. 

Eligible sample: There were 13,791 births in the study period and 202 (1.46%) died at birth. 

At VJH there were 10,955 births and 165 (1.51%) died. At UHWI there were 2836 births 

and 37 (1.30%) died. These deaths were excluded from the current investigation, leaving a 

total of 13,589 ehgible births (10,790 or 79.40% at VJH and 2799 or 20.60% at UHWI). 

Characteristics: We present frequencies and summary statistics of all demographic variables 

in Table 3.5. 
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Table 3.5. 

Characteristics of screened and unscreened births at two Kingston hospitals between 

January 01 and December 31 1999. 

VJH UHWI 
Characteristic Not-screened Screened Not-screened Screened 

N(%) N (%) N (%) N (%) 

Hospital 1405 (13.0) 9385 (87.0) 202 (7.2) 2597 (92.8) 

Sex 

female 705 (13.2) 4626 (86.80 M ( % 4 1232 (92.6) 

male 700 (12.8) 4757 (87.2) 101 (6.9) 1363 (93.1) 

Time 

morning 334 (12.6) 2309 (87.4) 37 (5.7) 614 (94.3) 

afternoon 370 (12.0) 2716 (88.0) 46 (5.4) 803 (94.6) 

evening 297 (11.4) 2303 (88.6) 60 (8.3) 666 (91.7) 

night 394 (16.2) 2046 (83.9) 54 (10.2) 477 (89.8) 

Attending staff 

doctor 143 (10.8) 1181 (89.2) 92 (10.4) 790 (89.6) 

midwife 1262 (13.3) 8204 (86.7) 108 (5.7) 1801 (94.3) 

Delivery booked 

no 496 (17.6) 2332 (82.5) 5 (33.3) 10 (66.7) 

yes 909 (11.4) 7053 (88.6) 197 (7.1) 2587 (92.9) 

Location of birth 

outside 119 (56.7) 91 (43.3) 2 (20.0) 8 (80.0) 

hospital 1286 (12.2) 9294 (87.4) - -

ward - - 126 (6.2) 1919 (93.8) 

ward-theatre - - 72 (9.8) 666 (90.2) 

Mode of delivery 1 

Caesarian section 1045 (93.6) 74 (10.0) 670 (90.0) 

nsvd 1333 (13.8) 8340 (86.2) 128 (6.2) 1927 (93.8) 

Mode of delivery 2 

emergency - - 63 (11.3) 520 (88.7) 

routine - - 139 (5.0) 2077 (95.0) 

Married 

No 1267(12^1) 8656 (87 - -

Y e s 138 (15.9) 729 (84.1) - -

Neonatal death 

No 1385 (12.9) 9365 (87.2) 196 (7.0) 2589 (93.0) 

Yes 20 (40.0) 30 (60.0) 6 (42.9) 8 (57.1) 

Mean (sd) Mean (sd) Mean (sd) Mean (sd) 

Age of mother (yrs) 25.5 (6.5) 25 (6.6) 28.3 (6.7) 28.1 (5.8) 

birthweight (kg) 3 (0.7) 3.1 (0.6) 2.8 (1) 3.2 (0.6) 

previous livebirths 1.66 (1.71) 1.47 (1.64) 0.8 (1.11) 0.78 (1.02) 

previous stillbirths 0.01 (0.12) 0.01 (0.13) 0.01 (0.1) 0.01 (0.12) 

previous abortions 0.19 (0.49) 0.2 (0.55) 0.5 (0.73) 0.42 (0.75) 

apgar after 1 minute - - 7.5 (2.3) 8(L% 

apgar after 5 minutes - - 8.4(2) 8.9 (1) 
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Figure 3.2 

Distributions of age of mother for unscreened and screened births at VJH and UHWI 
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Figure 3.3 
Distribution of birthweights for unscreened and screened births at VJH and UHWI 
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The distributions of the mothers' ages are presented in Figure 3.2. Mothers at the UHWI are 

significantly older than those at VJH (mean difference 2.85 years, 95% ci 1.90 to 3.81, t=5.9, 

Pr<0.001). The mothers of unscreened babies are slightly older at both hospitals, although 

this difference is not statistically strong (mean difference 0.72 years, 95% ci -0.44 to 1.90, 

t=1.2, Pr=0.22). The distributions of birthweights are presented in Figure 3.3. A 

significantly lower birthweight at the UWHI is primarily due to a cluster of low-birthweight, 

unscreened deliveries. 

Secular trends: Secular trends in screening are presented in Figure 3.4 and Figure 3.5. After 

a poor start for VJH in early January, both hospitals maintain weekly screening proportions 

around of 0.9 until approximately week 30 (the beginning of August). Thereafter, the VJH 

screened proportions deteriorate towards 0.8, whilst the UHWI rate is maintained. 

Predictors of screening: The odds of screening is higher at the UHWI compared to VJH, 

mainly due to a higher screening rate towards the end of 1999 (odds ratio 1.92, 95% ci 1.61 

to 2.30). Because different information is collected by the two hospitals, and because a 

univariate examination of potential screening predictors (see Table 3) suggests a different 

spread of reasons for not-screening at each hospital, we f i t ted separate models for each 

hospital. Two main effects models are presented in Table 3.6. All terms are independently 

strong predictors of screening after accounting for the effects of other included predictors. 

Predictors for screening at the UHWI: The odds of screening increased by 16% for every 1-

unit increase in the 5-minute APGAR score, and by 44% for every 1 kg increase in 

birthweight. It was more than 1.5 times higher when a midwife attended the birth instead of 

a clinician, and in the morning compared to the evening, and almost 2.5 times higher 

compared to the night. It was more than 3 times higher among survivors compared to babies 

who died during the neonatal period. 

Figure 3.5 
Percentage of daily births that are not screened at VJH and UHWI 
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Predictors for screening at VJH: The odds of screening was 6% higher for every five-year 

decrease in the age of the mother, and 42% higher for every 1 kg increase in birthweight. It 

was 30% higher in the morning compared to the night. It was 3.5 times higher when a 

midwife attended the birth instead of a chnician. It was almost 7 times higher in caesarian 

section births versus normal vaginal deliveries, and almost 8 times higher if the patient 

delivered in the hospital rather than before arriving at the hospital. It was 39% higher 

among unmarried versus married mothers. It was over 3 times higher among survivors 

compared to babies who died during the neonatal period. Pre-booked births were 33% more 

likely to be screened. 

Table 3.6. 

Odds ratios, standard errors and significance of demographic determinants 

of screening at UHWI and VJH (using multiple logistic regression) 

Characteristic OR (95% CI) z Pr 

UHWI 

APGAR score after 5 minutes 1.16 (1.05 to 1.29) 2^8 <0.001 
Birthweight (in kg) 1.44 (1.16 to 1.79) <0.001 

evening vs. morning 0.62 (0.42 to 0.91) -2.44 0.02 

night vs. morning 0.42 (0.28 to 0.62) -4.31 <0.001 

midwife vs. doctor 1.87 (1.36 to 2.58) 3.82 <0.001 

Survival vs. neonatal death 3.35 (1.13 to 9.91) 2.18 0.03 

VJH 

Married (yes vs. no) 0.72 (0.58 to 0.89) <0.001 
Age of mother (5-yr age increase) 0.94 (0.9 to 0.98) -2.77 0.01 

Birthweight (in kg) 1.42 (1.27 to 1.59) 6.24 <0.001 

night vs. morning 0.77 (0.65 to 0.91) -2.97 <0.001 

midwife vs. doctor 3.49 (2.6 to 4.67) 8^5 <0.001 

nsvd vs. caesarian section 0.15 (0.1 to 0.21) -9.84 <0.001 

hospital vs. outside 7.66 (5.68 to 10.34) 13.33 <0.001 
Pre-booked (yes vs. no) 1.33 (1.17 to 1.52) <0.001 

Survival vs. neonatal death 3.46 (1.62 to 7.37) 3.21 <0.001 

(c) Discussion 

The dataset represents the majority of live deliveries in Kingston, and 25% of an anticipated 

57,000 live deliveries island wide. Guidelines for improving screening must be hospital 

specific to accommodate alternative factors contributing to unscreened neonates 
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3.7 Materials and methods 

In settings without universal neonatal screening, age at enrolment to a specialist sickle cell 

clinic infers the pre-enrolment period during which people with SCD are at an increased risk 

of undiagnosed outcome. We were interested in the proportion of babies with sickle-ceU 

disease that have enrolled or wiD eventually enrol in the clinics of the Jamaican sickle-ceU 

unit by 5-years of age (the end of the penicUlin prophylaxis period in Jamaica), and by the 

end of childhood (which we defined as 18-years of age). 

5.7.^ 

We enrolled participants diagnosed with homozygous sickle-cell disease defined by standard 

criteria (38), who were born between 01 January 1973 and 31 December 1999, and who 

attended one of three specialist clinics (Kingston, Montego Bay, or Black River) at least 

once in the first 18-years of life. A number of these participants were diagnosed from 

neonatal screening of 100 000 consecutive live births from a single Kingston hospital between 

1973 and 1981 as part of the JSSCD (39). The Jamaican Ministry of Health diagnosed 

another subgroup of participants between 1995 and 1999 as part of an ongoing neonatal 

screening programme. The remaining unscreened participants were diagnosed on arrival to 

clinic. 

In Table 3.7 and Table 3.8 we present the year of birth and age at enrolment to clinic for all 

Jamaican SS and SC patients born and enrolling in the sickle cell clinic between 1973 and 

1999. The age at enrolment is zero for patients diagnosed using neonatal screening, and 

otherwise is the year of life, so that category one includes unscreened infants less than 12 

months old, category two includes unscreened infants from 12 months to just less than two 

years old, and so on. The data leave a triangle of empty cells in each table, reflecting the 

fact that the maximum possible age at enrolment decreases with the year of birth. There 

were 2517 presenting SS patients (2087 clinically ascertained), and 839 presenting SC 

patients (666 clinically ascertained). The time from birth to clinic enrolment is known as the 

delay. 

The form of the delay distribution guided our choice of modelling technique; certain 

techniques required a delay distribution that did not change with time (40;41). We examined 

age at enrolment by five years of age among births from four clinic periods (1973-1977, 1978-

1982, 1983-1987, and 1988-1992), and by ten years of age among births from three clinic 

periods (1973-1977, 1978-1982, and 1983-1987). These clinic period choices ensured equal 

follow-up among all participants. We present these age-at-enrolment distributions using 

kernel density estimation. We examined age at enrolment between the clinic periods, and 

between two major sickle-cell disease genotypes (SS disease and SC disease) graphically. We 

used a test of rank differences to formally compare these groups. 
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3.1.3 Reason for enrolment 

Among clinically ascertained patients, initial presentation m a y be during a symptomatic 

episode, or when clinically well. These alternatives suggest different clinic usage in the 

community. We report the proportions of symptomatic and asymptomatic first visits. 

3.7.4 Clinic enrolment proportion 

We represent the process of clinic enrolment for any single year of birth in Figure 3.6. 

Neonatally ascertained patients were invited to enrol in the clinics at birth. Many more 

unscreened patients enrolled in the clinics during time period A (before the end of the study 

window). Others, who were born during the study window, might enrol during time period B 

(after the end of our study window and before their 18th birthday). Younger patients have 

had less time to present during the study window, and this leads to negatively biased 

enrolment totals among infants born in recent years. Datasets of this type have been 

described previously, in relation to HIV/AIDS incidence (42), cystic fibrosis (41), and 

multiple sclerosis (40). 

Figure 3.6 

Clinic enrolment among neonatally-detected and unscreened patients with sickle-cell disease. 
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We identified the proportion of sickle-cell disease patients that will enrol to clinic in a three-

stage process. First, we calculated the expected numbers of unscreened SCD-affected births 

in Jamaica. Second, we calculated the numbers of unscreened patients that have already 

enrolled in the clinics. Third, we estimated the number of unscreened patients that will 

eventually enrol in the clinics. 
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(a) Stage one: Expected unscreened births 

The number of people born with homozygous sickle-cell diseaae (or SC disease) in Jamaica 

between 1973 and 1999 was the maximum number of patients that could join the clinic 

during the study window. Using the prevalence of homozygous sickle-cell diseaae (2.99 per 

1000 hve births) and sickle cell (SC) disease (2.13 per 1000 live births) (11), and the Annnml 

number of unscreened births (43), we calculated the expected numbers of annual unscreened 

births with homozygous sickle-cell disease in Jamaica. 

("6̂  (wo; OtaerwRg Aatie already enroled 

We present the number of unscreened births with SCD disease that have already enrolled to 

clinic, as a proportion of the islandwide unscreened births. We present this observed 

enrolment by 1-year, 5-years, 10-years, and 18-years of age. Our enrolment numbers are 

progressively under-represented with age: enrolment by 5-years of age is incomplete after 

1995, and emrolment by 18-years of age is incomplete after 1982. In stage three, we use a log-

hnear modelhng approach to predict these patients that will eventually enrol. 

(c) Stage three: Predicting patients that will eventually enrol 

The two dimensions of our data in Table 3.7 and Table 3.8 are year of birth and age at 

clinic enrolment. The age at clinic enrolment gives the delay over time. The row totals 

describe the numbers presenting at each age, with the most recent values too small because 

of the missing triangle of values not yet reported. Our data yield an 18x27 table with a 

triangle of 289 missing cells. Kalbfleisch and Lawless (44) suggested a likelihood modelling 

approach to such Poisson generated data, and several researchers (42;45;46) have noticed 

that a non-homogenous delay distribution can be incorporated using log-linear modelling. 

Our modelling approach therefore assumes random arrival to clinic, and estimates the 

number of expected unscreened births that will eventually enrol to clinic (Figure 3.8 section 

B) using a log-linear model. 

Let {birth^,enroL) {i = l,...,n) be the observed data, where for the ith individual birth^ is 

the year of birth and is the date of clinic enrolment. Let be the 

delay, which in our case is age at enrolment. We fitted Poisson regression models including 

birth- and age. as categorical or continuous terms. Between 1973 and 1982, complete clinic 

enrolment data were available. As the year of birth approaches 1999, the time period A 

decreases and time period B increases (see Figure 3.6), and the estimation of clinic enrolment 

becomes less precise. The number of unscreened island-wide births in each year will affect 

the number of unscreened patients enrolling, and all models are adjusted to reflect the size of 

this unscreened population (see Table 3.9). 

During the modelling procedure we paid close attention to two specific details: parametric 

versus non-parametric models, and a stationary versus a non-stationary delay distribution. 
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We investigated non-parametric versus parametric models. Although non-parametric models 

typically provide a better fit to data, this may simply reflect close modelling of random 

fluctuation, and this may hinder generalisations to other datasets. For this reason we used a 

penalized measure for comparing models, Akaike's information criteria (AIC), which adds a 

penalty to the majdmum hkelihood estimate for the number of terms in the model (47). 

From our preliminary data exploration (see Figure 3.7) we expected a non-stationary delay 

distribution. We investigated the importance of a non-stationary delay by including 

interaction terms of and during the model development. 

We report models using the widely accepted model notation of Wilkinson and Rogers (see 

for example S-Plus software documentation) (48). 

f regenfmg og o cZmzc 

Unscreened clinic-coverage is defined as the number of unscreened homozygous sickle-cell 

disease births in a year that will subsequently enrol in the sickle-cell clinics, divided by all 

unscreened homozygous sickle-cell disease births in the same year. It describes the dynamics 

of patient presentation to clinic in the absence of a preferred clinical intervention strategy. 

We present unscreened clinic-coverage for selected years between 1973 and 1999, and for 

enrolment by selected ages (ages 1, 5, 10, and 18 years). Enrolment by age five is of 

particular interest; penicillin prophylaxis is central to the preventive care regime for the 

young homozygous sickle-cell disease patient, and is offered by the sickle-cell clinics in 

Jamaica in the first four years of life, and in other settings in the first five years (49). 



Table 3.7. 

Age at initial clinic presentation by year of birth for SS disease patients, 1973-1999 

Age Year of birth (1973-1999) 

1973 1975 1980 1985 1990 1995 1999 
0 24 38 44 38 30 35 36 37 33 4 23 25 37 26 430 

-1 0 4 4 3 1 7 11 10 7 16 13 8 14 21 6 8 22 11 14 11 16 21 19 18 17 17 3 302 

-2 7 3 2 5 6 11 11 8 12 14 16 14 23 13 24 13 19 16 17 16 20 28 20 17 17 6 358 
-3 4 2 6 7 3 7 4 6 7 9 10 9 11 14 8 12 11 17 9 17 22 17 8 9 3 232 
-4 1 3 5 9 7 6 7 8 7 15 12 16 10 11 6 10 9 15 13 11 11 8 11 4 215 

-5 4 3 8 6 6 5 7 3 8 5 7 12 13 8 10 5 5 7 13 5 11 10 4 165 

-6 10 6 8 8 8 5 4 5 3 12 7 7 8 6 6 11 5 8 10 5 13 4 159 

-7 7 4 6 5 5 1 3 3 4 8 4 3 6 4 5 7 9 4 5 8 4 105 

-8 1 4 8 3 3 3 6 3 8 2 3 9 7 6 7 9 4 1 3 5 95 

-9 6 5 4 3 4 4 1 4 0 4 3 2 4 3 6 2 6 6 1 68 
-10 5 2 7 2 3 1 0 3 9 6 3 6 4 5 5 1 2 2 66 

-11 4 3 4 4 4 6 9 6 6 8 8 4 5 1 3 2 3 80 

-12 4 1 4 4 2 3 4 3 4 6 1 4 3 6 5 0 54 

-13 2 4 5 3 4 2 1 2 3 3 3 4 3 1 2 42 

-14 2 2 1 1 3 1 3 2 1 1 4 5 2 1 29 

-15 4 3 3 4 3 5 2 0 2 3 2 2 0 33 

-16 4 7 5 0 2 4 0 5 1 2 2 1 33 

-17 2 4 3 2 0 2 3 3 3 8 1 31 

-18 0 8 2 3 2 2 1 1 1 0 20 

Total 91 106 129 110 96 110 113 112 119 122 99 106 113 100 93 80 95 87 85 78 97 88 66 76 62 60 29 2517 



Table 3.8. 

Age at initial clinic presentation by year of birth for SC disease patients, 1973-1999 

Age Year of birth (1973-1999) 

1973 1975 1980 1985 1990 1995 1999 
0 16 28 23 25 20 27 16 16 2 0 0 0 0 0 173 

-1 0 1 2 0 1 0 1 3 3 4 2 2 2 1 2 0 3 4 3 2 3 4 3 4 2 4 5 61 

-2 1 0 1 0 3 3 0 0 2 3 4 0 4 1 2 3 3 3 2 0 6 1 5 3 3 1 54 

-3 0 0 1 0 1 0 3 2 0 4 4 1 0 0 4 1 3 3 1 2 3 3 2 1 0 39 
-4 0 0 1 0 0 1 4 0 3 4 3 1 6 4 1 0 1 1 3 10 6 4 5 2 60 

-5 1 2 3 1 0 1 3 3 1 4 2 3 3 1 1 2 4 3 6 6 5 4 4 63 

-6 1 1 1 3 1 5 2 2 3 1 5 3 3 4 4 1 5 3 4 2 1 1 56 
-7 0 2 1 1 2 2 2 2 2 0 4 2 2 4 0 5 5 4 0 3 2 45 

-8 0 0 2 4 1 3 1 2 4 2 1 0 4 1 3 5 7 2 5 0 47 

-9 2 4 1 0 3 0 2 1 4 1 7 3 3 3 4 2 4 1 2 47 

-10 1 1 2 0 1 2 1 4 4 2 3 4 1 0 3 3 6 1 39 

-11 0 3 2 0 2 0 4 3 6 1 2 6 6 2 4 3 0 44 

-12 0 1 2 0 1 1 4 1 1 2 5 4 1 1 2 1 27 

-13 0 3 0 1 1 0 5 1 1 5 1 3 2 1 1 25 

-14 1 0 1 0 0 1 0 0 2 3 3 1 0 0 12 

-15 1 0 4 0 3 0 2 1 2 1 1 0 0 15 

-16 1 3 2 1 2 1 1 0 0 3 0 0 14 

-17 2 0 1 0 0 1 1 0 1 0 2 8 

-18 0 1 3 0 0 2 0 0 4 0 10 

Total 27 50 53 36 42 50 52 41 45 40 49 33 37 23 31 26 41 25 26 25 26 17 19 10 5 5 5 839 



Table 3.9. 

Annual live births, and expected and observed sickle-cell disease births between 1973 and 1999 in Jamaica. 

Year 
Number of 

births in Jamaica 
Expected 
SS births 

Observed 
SS births 

Expected 
SC births 

Observed 
SC births 

Screened Unscreened Screened Unscreened Screened Unscreened Screened Unscreened Screened Unscreened 
1973 6472 55 385 19 166 24 67 14 116 16 11 
1974 12 208 49 298 37 148 38 68 26 105 28 22 
1975 12 031 49 431 36 148 44 85 26 105 23 30 
1976 12 179 48 479 36 145 38 72 26 103 25 11 
1977 12 030 48 393 36 145 30 66 26 103 20 22 
1978 11 580 46 609 35 140 35 75 25 99 27 23 
1979 11 516 47 610 34 143 36 77 24 102 16 36 
1980 11 003 47 586 33 142 37 75 23 102 16 25 
1981 10 981 48 454 33 145 33 86 24 103 2 43 
1982 0 61 477 0 184 0 122 0 131 0 40 
1983 0 61 417 0 184 0 99 0 131 0 49 
1984 0 57 533 0 172 0 106 0 123 0 33 
1985 0 56 213 0 168 0 113 0 120 0 37 
1986 0 54 067 0 162 0 100 0 115 0 23 
1987 0 52 270 0 157 0 93 0 111 0 31 
1988 0 53 623 0 161 0 80 0 114 0 26 
1989 0 59 104 0 177 0 95 0 126 0 41 
1990 0 59 606 0 178 0 87 0 127 0 25 
1991 0 59 879 0 179 0 85 0 128 0 26 
1992 0 58 627 0 176 0 78 0 125 0 25 
1993 0 57 404 0 172 0 97 0 122 0 26 
1994 0 59 235 0 177 0 88 0 126 0 17 
1995 1333 62 154 4 186 4 62 2 133 0 19 
1996 8581 50 613 26 152 23 48 18 108 0 10 
1997 9728 49 657 29 149 25 37 21 106 0 5 
1998 14 135 45 114 42 135 37 23 30 96 0 5 
1999 17 220 39 691 52 119 26 3 36 85 0 5 
Total 138 818 1 438 929 452 4310 430 2087 321 3065 173 666 
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3.8 Results 

3.8.1 Patients 

Between 1973 and 1981, 19% of Jamaica's newborns were screened for homozygous sickle-cell 

disease. None were screened between 1982 and 1994, and 17% were screened between 1995 

and 1999. There were an expected 4762 homozygous sickle-cell disease births between 1973 

and 1999 (4310 unscreened, 452 screened). There were 2517 paediatric homozygous sickle-cell 

disease patients enrolling in the clinics during the study period, and neonatal screening 

identified 430 of these (315 as part of the Jamaican Sickle-cell Cohort Study, and 115 as par t 

of the government screening programme). There were an expected 3386 sickle-cell SC disease 

births between 1973 and 1999 (3065 unscreened, 321 screened). There were 839 paediatric 

sickle-cell disease SC patients enrolling in the clinics during t h e study period, and neonatal 

screening identified 173 of these (all as part of the Jamaican sickle-cell cohort study) (Table 

3.9). 

3.8.2 Age at enrolment to clinic: the delay distribution 

Delay distributions are presented graphically in Figure 3.7 and summarized in Table 3.10. 

Figure 3.7 

Age at first presentation to clinic stratified by clinic period in 5 year bands (a-b) 

and by genotype (SS disease and SC disease) (c) 
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First visit to clinic is later among the 1973-1977 birth group, compared to all other birth 

groups whether looking at 5-year follow-up = 187.2, p < O.OOl), or 10-year follow-up 

(%j = 68.4, p < O.OOl). It is possible that these early years of clinic operation represented a 

period of increasing community knowledge and acceptance of the sickle cell clinic. After this 

time, the delay distribution changed very little with time. 

Table 3.10. 

Median delay until first visit to clinic for 5-year and 10-year clinic follow-up 

using 5-year birth groups, and between SS and SC disease, 

5-year foUow-up 10-year follow-up 18-year follow-up 

median (95% ci) median (95% ci) Median (95% ci) 

Year of birth 

1973-1977 2.80 (2.38 to 3.14) 5.36 (5.03 to 5.61) 

1978-1982 2.02 (1.92 to 2.35) 3.66 (3.36 to 4.02) 

1983-1987 2.12 (1.97 to 2.35) 3.69 (3.47 to 3.87) 

1988-1992 2.23 (2.05 to 2.41) 

Genotype* 

SS - - 10.53 (9.93 to 11.24) 

SC - - 12.10 (10.72 to 13.27) 
^Adjusted for clinic period 

SS patients arrive earlier than SC patients (%^ =51.0 ^ <0.001), which is likely to be a 

function of disease expression. 

The delay between birth and presentation to clinic of unscreened patients is dependent on 

both clinic period and genotype. Subsequent estimation of the number of clinically 

ascertained patients and on clinic coverage are presented separately for each genotype, and 

accounts for the variation of clinic enrolment period (which we call non-stationarity). 

3.8.3 Reason for enrolment 

Among clinically ascertained patients, clinic presentations are grouped into routine and sick 

visits as described in chapter two. Of 2753 clinically ascertained SS and SC patients (SS 

2087, SC 666), 2317 (SS 1783, SC 534) presented without clinically significant symptoms, 

representing 84.2% of all initial clinic visits (SS 85.4%, SC 80.2%). These large proportions 

of asymptomatic initial presentations suggest a defining method of clinic ascertainment. 

Patients will either: (i) use the clinic for an initial presentation to the healthcare system 

when well due to both prior knowledge of the clinic and a history of sickle-cell disease or 

trait in the family, or (ii) be referred to the clinic from elsewhere in the healthcare system as 

a result of a sickle-cell disease diagnosis and/or as a result of symptomatology consistent 

with the disease. When referral occurs as a result of morbidity, the patient is usually 

recovered before presentation at the sickle-cell clinic. It follows that there are likely to be 
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two forms of SCU non-attenders: (i) patients that die from acute BCD related complications 

prior to arrival to clinic, or (ii) a second subgroup that will not arrive due to absence of 

significant symptomatology or for other logistical reasons (e.g. distance to chnic). The 

features of non-attenders are considered further in Chapter Four. 

CZWc 

(a) Stage one: Expected unscreened births 

We present the expected numbers of islandwide unscreened SS and SC patients in Table 3.9 

by year of birth. 

(b) Stage two: Observing patients that have already enrolled 

We present the proportion of expected unscreened deliveries t ha t have enrolled in the clinic 

by selected ages (1-year, S-yeazs, 10-years, and IS-years) in Table 3.12 for people with SS 

disease, and in Table 3.13 for people with SC disease, with a visual display in Figure 3.9c 

(SS disease) and Figure 3.10c (SC disease). We show that enrolment proportions increase 

with age and with secular time, and note the incomplete information due to the younger age 

ranges in recent years (see Section 3.7.4 for an explanation of this bias). The most striking 

example of this bias is for enrolment by 18-years of age, where we have no information 

among people born after 1982. Without observed information, we use a prediction model to 

obtain estimates of enrolment. 

(c) Stage three: Predicting patients that will eventually enrol 

We present the fit of alternative models for predicting the expected numbers of patients 

enrolling to clinic by their 18th birthday in Table 3.11, and we graph these predicted 

numbers in Figure 3.8 (a and b). 

For SS patients, the non-parametric stationary model has a deviance fit of 437 with 298 

degrees of &eedom, suggesting substaatial non-stationarity. On fitting a reasonable non-

parametric non-stationary model, 

birth + age + \m.eai(birth) + linear(age) + age • linear(6iri/i) + birth • linear(age) 

the deviance decreases by 125 on 22 degrees of freedom, which highlights the benefit of 

including interaction terms to account for the time variation of age at first clinic visit. Other 

non-parametric non-stationary models provide similar deviance reductions. Along with the 

delay distribution variation demonstrated in section 3.8.2, the evidence for non-stationarity 

is strong. This inclusion of interaction terms generally reduces the predicted level of patient 

enrolment (Figure 3.8). 

Using deviance measures, the parametric models show systematic lack of fit compared to the 

non-parametric alternatives. However, the non-parametric models are fitting the random 
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fluctuations too closely for realistic modelling. Penalizing the models using the AIC measure 

highlights this overfitting and by this criterion, the parametric models improve upon their 

non-parametric alternatives. 

Deviance and AIC for a series of 

Table 3.11. 

models fitted to SOU age at first presentation data for clinically 

ascertained patients. 

Model Stationary Non-stationary 

deviance df AIC deviance df AIC 

SS (n=2087) 

non-parametric 436.89 298 506.89 312.16 266 446.16 

Parametric in age 465.75 312 507.75 328.70 278 438.70 

Parametric in delay 459.27 312 501.27 321.57 280 427.57 

full parametric 488.32 326 502.32 400.50 324 418.50 

SC (n=666) 

non-parametric 401.23 298 471.23 3&L93 266 488.93 

parametric in age 424.93 312 46&93 396.27 295 472.27 

parametric in delay 417.63 312 459.63 394.20 296 468.20 

full parametric 440 49 326 4%.49 428.94 325 444.95 

Much of the statistical lack of fit of the chosen parametric models may be due to irregular 

delay and age distributions, and we demonstrate this by f i t t ing semi-parametric models; 

parametric in age and non-parametric in delay, and vice versa. Among SS patients, 

approximately 29 (14 degrees of freedom) of the lack of fit of the stationary parametric 

model is due to the irregular form of the delay rate, and 22 (14 df) is due to the irregular age 

at presentation distribution. Among SC patients the lack of fit can be portioned into 24 (14 

df) due to delay, and 16 (14 df) due to age at presentation. 

Figure 3.8 

Estimated clinic attendance among SS and SC patients, using four alternative models 
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We present predicted unscreened clinic-coverage in SS disease b y selected ages (1 year old, 5 

years, 10 years, and 18 years) in Table 3.12 for selected years of birth between 1974 and 

1999. We graph observed and predicted unscreened clinic-coverage by 18-years of age in 

Figure 3.9. 

By December 1979 (when the patients born in 1974 were 5-years old), 10.1% (95% ci 5.7 to 

16.7) of unscreened affected infants had enrolled in the clinics. This 5-year enrolment rose to 

levels around 40% through most of the 1980's and early 1990's, and is predicted to fall 

slightly to 35.7% (35.0 to 36.4) among 1999 births. By December 1992 (when the patients 

born in 1974 were 18-years old), 45.9% (35.7 to 58.2) of unscreened infants had enrolled at 

the clinics. This 18-year enrolment is predicted to rise to levels around 60% among patients 

born in the 1980's, before falling to 48.9% (40.9 to 56.9) among 1999 births. Uncertainty 

associated with the estimation of patients is summarised in t h e associated 95% confidence 

region, and this uncertainty is large among patients born in recent years. 

Figure 3.9 

Proportion of SS births presenting to the sickle-cell clinics by 18-years of age, 

presented by year of birth (a) unscreened observed (b) unscreened and screened observed 

(c) unscreened observed (full information) (d) unscreened predicted. 
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We present predicted unscreened chnic-coverage in SC disease by selected ages (1 year old, 5 

years, 10 years, and 18 years) in Table 3.13 for selected years of birth between 1974 and 

1999. We graph predicted unscreened clinic-coverage by 18-years of age in Figure 3.10. 

By December 1979 (when the patients born in 1974 were 5-years old), 2.9% (95% ci 0.6 to 

8.3) of unscreened affected infants had enrolled in the clinics. This 5-year enrolment rose to 

levels around 10% through most of the 1980's and early 1990's, and is predicted to increase 

slightly to 13.1% (11.2 to 15.1) among 1999 births. By December 1992 (when the patients 

born in 1974 were 18-years old), 21.0% (13.1 to 31.7) of unscreened infants had enrolled at 

the clinics. This 18-year enrolment is predicted to rise to levels around 30% among patients 

born in the 1980's, before falling to 25.5% (11.5 to 39.6) among 1999 births. Uncertainty 

associated with the estimation of patients is summarised in the associated 95% confidence 

region, and this uncertainty is large among patients born in recent years. 

Figure 3.10 

Proportion of SC births presenting to the sickle-cell clinics by 18-years of age, 

presented by year of birth (a) unscreened observed (b) unscreened and screened observed 

(c) unscreened observed (full information) (d) unscreened predicted. 
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Table 3.12. 

Observed and predicted clinic-coverage of unscreened homozygous sickle-cell disease patients at four 

ages (1-year, 5-years, 10-years, and 18-years) between 1974 and 1999 in Jamaica. 

Year of Age 

birth 1-year 5-years 10-years 18-years 

Observed 

1974 2.7 (0.7 to 6.9) 10.1 (5.7 to 16.7) 24.3 (17.0 to 33.7) 45.9 (35.7 to 58.2) 

1979 7.7 (3.8 to 13.8) 28.0 (20.0 to 38.1) 37.8 (28.4 to 49.3) 53.8 (42.5 to 67.3) 

1984 4.7 (2.0 to 9.2) 34.3 (26.1 to 44.2) 50.0 (40.0 to 61.7) 

1989 12.4 (7.8 to 18.8) 37.3 (28.8 to 47.4) 52.0 (41.9 to 63.7) 

1994 11.9 (7.3 to 18.1) 47.5 (37.9 to 58.8) 

1999 2.5 (0.5 to 7.4) 

Predicted 

1974 1.4 (1.1 to 1.7) 13.4 (12.6 to 14.3) 26.8 (25.4 to 28.2) 42.5 (40.4 to 44.7) 

1979 4.5 (4.4 to 4.6) 26.6 (26.2 to 27.0) 43.4 (42.7 to 44.1) 57.8 (56.6 to 59.1) 

1984 7.1 (7.0 to 7.1) 34.1 (33.8 to 34.4) 50.5 (50.0 to 51.1) 61.9 (60.5 to 63.2) 

1989 8.8 (8.8 to 8.9) 37.1 (36.8 to 37.3) 51.4 (50.8 to 51.9) 59.5 (57.3 to 61.7) 

1994 9.9 (9.8 to 10.0) 37.3 (37.0 to 37.6) 49.2 (48.3 to 50.0) 54.8 (51.2 to 58.4) 

1999 10.3 (10.2 to 10.5) 35.7 (35.0 to 36.4) 45.1 (43.0 to 47.1) 48.9 (40.9 to 56.9) 

Table 3.13. 

Observed and predicted clinic-coverage of unscreened sickle-cell haemoglobin-C disease patients at 

four ages (1-year, 5-years, 10-years, and 18-years) between 1974 and 1999 in Jamaica. 

Year of Age 

birth 1-year 5-years 10-years 18-years 

Observed 

1974 1.0 (0.02 to 5.3) 2.9 (0.6 to 8.3) 10.5 (5.2 to 18.7) 21.0 (13.1 to 31.7) 

1979 1.0 (0.02 to 5.5) 10.8 (5.4 to 19.3) 18.6 (11.2 to 29.1) 35.3 (24.7 to 48.9) 

1984 1.6 (0.2 to 5.9) 5.7 (2.3 to 11.7) 15.4 (9.3 to 24.1) -

1989 2.4 (0.5 to 7.0) 11.1 (6.1 to 18.6) 32.5 (23.4 to 44.1) -

1994 3.2 (0.9 to 8.1) 12.7 (7.3 to 20.6) - -

1999 5.9 (1.9 to 13.7) - - -

Predicted 

1974 0.4 (0 to 1.0) 3.2 (1 to 5.4) 8.9 (5.5 to 12.3) 17.3 (12 to 22.6) 

1979 1.2 (0.9 to 1.6) 7.1 (5.9 to 8.2) 16.9 (15.1 to 18.8) 28.7 (25.6 to 31.7) 

1984 1.9 (1.7 to 2.2) 10.2 (9.4 to 11) 21.7 (20.4 to 23) 32.4 (29.7 to 35.1) 

1989 2.4 (2.2 to 2.6) 11.7 (11 to 12.4) 22.9 (21.6 to 24.2) 30.9 (27 to 34.9) 

1994 2.9 (2.6 to 3.1) 12.8 (12 to 13.6) 23 (21.1 to 24.8) 28.8 (22.7 to 35) 

1999 3.2 (2.8 to 3.6) 13.1 (11.2 to 15.1) 21.6 (16.8 to 26.4) 25.5 (11.5 to 39.6) 
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Clinic enrolment percentages at selected ages are presented graphically in Figure 3.11 by 

genotype. They provide no additional information but offer a useful visual interpretation of 

enrolment. Enrolment in SS disease is higher than SC disease enrolment at all ages, which is 

due to the increased clinical symptoms of the homozygous genotype. 

Figure 3.11 

The annual percentage of unscreened (a) homozygous sickle-cell disease and (b) sickle-cell SC disease 

patients that will enrol to clinic (by ages 1, 5, 10, and 18). 
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3.9 Discussion 

Evidence on the benefits of early disease detection for the homozygous sickle-cell disease 

patient comes &om a randomised clinical trial (3) supported by observational studies (2). 

This evidence is widely accepted (4; 7), and neonatal screening is considered the gold-

standazd procedure for detecting the disease. The of the benefits stemming from 

neonatal screening is not well documented, and with the proven beneSt of treatment, a 

study withholding intervention among a prospectively randomised subgroup to measure the 

size of these benefits would be unthinkable. Given this dilemma, we use the Jamaican reality 

of a largely unscreened population as an opportunity to document the effect of not screening 

for homozygous sickle-cell disease on the ability to identify people with the disease in the 

conmiunity. The corollazy is the beneScial effect of neonatal screening for the disease. 

Enrolment figures are important baseline information for the assessment of costs and benefits 

of neonatal screening. When they exist, data on observed enrolment provide the best 

available information for informing clinic managers and public health policymakers. 

However, in this analysis of clinic recruitment, observed enrolment is progressively 

underreported as enrolment age increases, and this is a common problem in cohorts with 

ongoing recruitment. To avoid the bias of underreporting, we must either restrict our dataset 

to age-at-recruitment/secular year combinations with complete follow-up, or attempt to 

predict future enrolment. We have presented both approaches in this chapter, and each has 

a<ivantages and disadvantages. 

We presented observed-enrolment results using complete-information in Tables 3.12 and 3.13 

and in Figures 3.9c and 3.10c. Observed enrolment totals are progressively historical as age 

at enrolment increases: complete enrolment by 5-years of age is available among participants 

born before 1996, whereas enrolment by 18 years of age can only be reliably reported among 

participants born before 1982. The secular differences in observed totals complicates our 

interpretation of these results; we can only reliably compare enrolment at different ages 

among participants born before 1982. 

We present predicted enrolment results in Tables 3.12 and 3.13 and in Figures 3.9d and 

3.10d. Predicted enrolment is available for all births between 1973 and 1999, which allows us 

to compare enrolment at various ages for each study year. This removes the problem of 

secular changes affecting enrolment totals. Predicted precision decreases as the quantity of 

observed information decreases: we are far less certain about our predicted enrolment by 18-

years of age. Although we have a model for clinic enrolment, this model is based on specific 

practices of a single clinic, and the generalisability of such a model to other sickle cell 

populations is likely to be highly dependent on variation in recruitment practices. 

Without neonatal screening, patient presentation to a health-care provider can be delayed at 

each of three stages: the onset of chnical symptoms, disease diagnosis and clinic enrolment. 
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In an unscreened homozygous sickle-cell disease population, almost all patients have become 

symptomatic by their eighth birthday (50). Only two-thirds of these patients have been 

diagnosed (51), and we now show that less than one-third have enrolled in the clinics by 

that age, implying an equal and considerable delay at these two stages. Males enrol at a 

younger age than females; a feature that has been observed previously (52;53). Delayed 

diagnosis could be shortened with training programmes for health-care workers, and delayed 

arrival avoided by mandatory referral and a central patient registration facility. Inevitably 

however, in the absence of a universal neonatal screening programme, a proportion of the 

homozygous sickle-cell disease population will never present to the clinic, while the 

remainder will arrive with varying delay. It remains unknown, but possible, that the enrolled 

and non-enrolled patients have different morbidity and mortality risks stemming from either 

an inherent heterogeneity in disease expression, or the absence of comprehensive and 

prophylactic health-care, or both. 

Unscreened clinic-coverage describes the likelihood of a person with unscreened homozygous 

sickle-cell disease to present to clinic. This unscreened coverage is below 50% among births 

in 1973, peaks at 62% in the early 1980's and decreases thereafter. Newborn screening has 

been performed exclusively in Kingston during two clinic periods (1973-1981 and 1995-

present). Between 1973 and 1981 outreach clinics were initiated in western Jamaica, and 

these clinics probably fuelled the continued increase in enrolment of unscreened patients 

despite Kingston-based neonatal screening reducing the pool of unscreened individuals 

available in the island's capital. During the second and ongoing wave of neonatal screening 

(1995-present), there has been no new homozygous sickle-cell disease population tapped to 

offset the decreased pool of unscreened patients. The remaining pool of unscreened births is 

from outside of Kingston, and the increased distance from the main clinic facility in 

Kingston will be a defining factor in the decreased patient referral. Other possible causes of 

non-enrolment include good health, non-referral, death or migration. 

Levels of clinic-coverage are generally lower in SC disease than in SS disease, which 

undoubtedly reflects a milder clinical course in SC patients. SC patients identified during the 

ongoing government neonatal screening programme have not been enrolled in the sickle-cell 

clinics, which explains the predicted drop-off in enrolled patients. 

Delay distributions are encountered throughout epidemiology, although the recent 

development of statistical methodology to adjust for delay has been primarily motivated 

within HIV/AIDS research. Delay periods have generally been shorter than experienced in 

the current study, and the assumption of delay distribution invariance has often been 

approximately valid (41 •,54). This assumption is violated in the current study. Delay 

distribution variation is seen across genotype, and due to clinic period. Genotype variation 

causes little concern - combined SS and SC studies would be of little use due to marked 

heterogeneity between the diseases, and SCD research should always strati^ by genotype. 

Chnic period is more problematic, and we adopt maximum-likelihood methodology that 



Chapter Three Patient recruitment 3.32 

extends to non-stationarity (42). This methodology loses efRciency over continuous time 

methods (55). Use of event times and the proportional retro-hazards model (56) might offer 

improved precision of recent birth years, but importantly, the proportional hazards 

assumption is violated. 

The substantial levels of delayed and non-enrolment have important consequences for the 

clinical care of the homozygous sickle-cell disease patient, for public-health policymaking, 

and for chnical research. First, early life preventive management and emergency intervention 

are vital aspects of clinical care, and are only possible within a regime of early disease 

detection and comprehensive follow-up. We have shown that in the first few years of life, 

when penicillin prophylaxis plays a crucial role in this preventive management, between 50% 

and 90% of available homozygous sickle-cell disease patients will not have enrolled to a 

specialist clinic. Second, incomplete and delayed patient enrolment invalidates assessment of 

health-care infrastructure, by underestimating the size, morbidity and mortality of the 

patient population ('the burden of disease'). This results in a 'low visibility' among 

homozygous sickle-cell disease populations (7) that contributes to a failure to provide timely 

and adequate care, perpetuating inequality in health. Third, this artificially low burden of 

disease introduces an important biaa in clinical research. Neonatal screening is the only 

method for achieving a representative patient sample. Despite this, observational research 

commonly employs cross-sectional clinic-based populations subject to delayed and non-

enrolment bias. The failure to realise the limitations of studying these biased populations 

could present a significant problem in the advancement of knowledge concerning homozygous 

sickle-cell disease. 

Improvements in hygiene, nutrition and control of infection are increasing the relative 

importance of homozygous sickle-cell disease (and other inherited haemoglobin disorders) as 

a global health problem (15). Our quantification of the 'low visibility' of homozygous sickle-

cell disease, using unscreened patient coverage at various ages, and age at enrolment, has 

shown that without comprehensive and systematic identification of patients, the large 

burden of homozygous sickle-cell disease, suggested by the known prevalence of the disease 

in Jamaica, remains largely unrecognised. The true disease prevalence remains unknown in 

many countries, and national studies to obtain this information must be a priority. Agencies 

and governments of countries with a substantial burden of homozygous sickle-cell disease 

must then consider programmes for systematic disease identification, control, and 

management. 

3.10 Early life screening vs. clinic ascertainment: the effect on research 

Median age at first clinic visit among patients aged 18-years or younger is 10.5 years (9.9 to 

11.2) years in SS disease and 12.1 years (10.7 to 13.3) in SC disease (Table 3.10), and we 

know from previous work that most SS patients will be symptomatic by eight years of age 

(50). This means that much early life sickle-cell disease morbidity will either go untreated, or 
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will be treated elsewhere in the healthcare system. There are two important consequences for 

research. 

First, morbidity may have less favourable outcomes among untreated patients compared to 

those enrolled in a comprehensive sickle-cell disease clinic, creating patient subgroups with 

systematically different clinical outcomes. Second, there is no mandatory registration of 

sickle-cell patients, and so the incidence of clinical events is likely to be under-reported 

among patients not enrolled in the comprehensive care facility. An example of 

underreporting in infection rates among homozygous sickle-cell disease patients is presented 

in the following case-study. Further examples are presented in Chapter Eight. 

3.10.1 Case study 3: Differential incidence of bacteraemias 

People with homozygous sickle cell (SS) disease are at increased risk of infection with 

Streptococcus pneumoniae, Haemophilus influenzae type b, Salmonella spp, Escherichia coli 

and Klebsiella spp (57-59). Several mechanisms are believed to contribute to this 

susceptibility, a major factor being the early loss of splenic function, which may be abnormal 

as early as the first year of life (60). Development of clinical splenomegaly in the first 6 

months of life has been shown to be significantly associated with greater risk of subsequent 

pneumococcal septicaemia (61). 

and 

The participants attended the sickle cell clinic of the University Hospital of the West Indies, 

Kingston, Jamaica. All had SS disease diagnosed by standard criteria and came from two 

clinic populations. The cohort group included all JSSCD participants. The cHnic group 

included all other patients, most of whom had been symptomatically referred. To reduce the 

symptomatic bias in this second group, patients were required to have had at least two clinic 

visits and not to have been referred initially to the clinic with bacterial infection. Our study 

was confined to infections caused by S pneumoniae, H influenzae type b. Salmonella spp, E 

coli, or Klebsiella spp between 1 January 1974 and 31 December 1997. 

There were 3820 participants (including 311 JSSCD participants) with 218 episodes of 

infection among 180 participants (90 episodes among 64 JSSCD participants). Four episodes 

identified on initial clinic referral in the clinic group were excluded, leaving 214 eligible 

episodes among 176 participants. Differences in recruitment of the JSSCD and clinic studies 

resulted in signiGcantly different age structures. The median age at laat chnic visit was 17.8 

years (interquartile range, 11.2-21.2; range, 0.1-24.5) for the JSSCD and 20.7 years (10.7-

31.4; 0.1-80.6) for the clinic group (Mann-Whitney U test, z = 7.5; p < 0.001). 

Invasive bacterial infections were identified as the isolation of one of the five organisms from 

cultures of blood or cerebral spinal fluid and, in the case of Salmonella spp, from sinuses or 
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aspiration from bone sites. Patients with recurrent isolations of S pneumoniae were assumed 

to have separate infections if the serotype differed, or if the same serotype was isolated after 

an arbitrary interval of 14 days or more. 

Age distributions at last visit for JSSCD and clinic participants exhibited non-normality and 

so were summarised by median, interquartile range, and range, and differences compared by 

the Mann-Whitney U test. Sex composition was assessed using the test. Incidence rates 

for JSSCD and clinic groups by organism, age, and sex were estimated as the ratio of the 

number of events divided by the number of person-years of exposure. Confidence intervals 

(95% CI) for the incidence rates were calculated using jackknife methodology to compensate 

for multiple events within patients (62). Incidence rates were compared using rate ratios, 

controlling for confounding factors by stratification and subsequent pooling to give the 

Mantel-Haenszel estimate of the rate ratio. Standardised infection rates were calculated by 

comparing the infection rate of any subgroup (age, sex, organism) with the appropriate 

complete sample (JSSCD, clinic, or both) reference rate, a technique known as indirect 

standardisation. Analyses were performed using Stata statistical software (63). 

There were 214 bacteraemias, ^ occurring in 81 (37.9%), spp in 70 

(32.7%), iif influenzae in 30 (14.0%), E coli in 24 (11.2%), and Klebsiella spp in nine (4.2%). 

Of the 3820 patients (311 JSSCD), 3644 (247 JSSCD) had no bacteraemias, 151 patients (48 

JSSCD) had one episode, 15 (nine JSSCD) had two, eight (five JSSCD) had three, and 

single cohort children had four and five episodes. 

Most infections occurred in early-life: 68% occurred before the age of 10 years and 80% 

before 20 years (Table 3.14). There was no sex difference overall (53% males; = 3.2; p = 

0.07), although males predominated among infections with haemophilus (risk ratio, 3.1; 95% 

CI, 1.4-7.0; =8.4; p<0.01) and salmonella (risk ratio, 1.9; 95% CI, 1.2-3.1; = 7.2; p = 

0.01), but not with S pneumonia (risk ratio, 1.0; 95% CI, 0.6-1.5; %^= 0.1; p = 0.99) or 

klebsiella (risk ratio, 4.0; 95% CI, 0.8-19.1; = 3.5; p = 0.06). Infections with E coli 

predominated among females (risk ratio, 20.3; 95% CI, 2.7-150.3; -£ = 17.6; p < 0.001). 

Crude incidence for all bacteraemias was 5.6 per 1000 patient-years (95% CI, 4.8-6.6), with 

JSSCD patients showing a five-fold greater frequency than patients in the main group (18.5 

per 1000 patient-years (95% CI, 15.1-22.8) v. 3.7 per 1000 patient-years (95% CI, 3.1-4.5)). 

This difference will have been exaggerated by the predominance of older subjects in the 

clinic study who were less prone to bacteraemia. When this difference was allowed for by 

comparing relative incidence within age bands (Table 3.15), the risk ratio for bacteraemia 

among JSSCD relative to clinic group participants fell to 2.6 (95% CI, 1.9-3.5). In individual 



Patient recruitment 3.35 Chapter Three 

age bands, the risk ratios for the JSSCD group relative to the clinic group were as follows: 

ages 0-2 years, 1.8 (95% CI, 1.0-3.1); ages 3-5 years, 2.5 (95% CI, 1.5-4.2); ages, 6-9 years, 

2.8 (95% CI, 1.5-5.4); ages 10-19 years, 5.0 (95% CI, 2.3-10.8); and age 20 years and above, 

7.2 (95% CI, 2.6-20.3). Incidence decreased linearly with age in the JSSCD group (x^= 21.6; 

p < 0.001) and the clinic group (%^ = 61.6; p < 0.001). Incidence rates for the five 

bacteraemias were consistently higher in the JSSCD group than the clinic study group: 

pneumococcus, 7.8 (5.3 to 12.0) v 1.3 (0.9 to 1.8); salmonella, 5.6 (3.7 to 8.9) v 1.2 (0.9 to 

1.7); haemophilus, 2.7 (1.5 to 5.2) v 0.5 (0.3 to 0.9); E coli, 1.2 (0.6 to 3.2) v 0.5 (0.3 to 0.9); 

and klebsiella, 1.0 (0.4 to 3.0) v 0.1 (0.05 to 0.4) respectively. 

Table 3.14. 

Distribution of infections by age, gender, and patient group (men / women) 

Bacterial isolate 
3 to 6 7 to 9 10 to 19 Total 

Bacterial isolate 
0 to 2 3 to 6 7 to 9 10 to 19 204- Total 

Clinic 
S pneumoniae 7/4 5/10 2/6 2/2 1/3 17/25 
Salmonella spp 6/1 1/2 10/2 1/7 10/3 28/15 
H. Influenzae 3/2 7/1 1/0 1/0 1/1 13/4 

Escherichia, coli 0/0 0/1 0/0 0/0 0/17 0/18 
Klebsiella spp 1/0 0/0 0/0 1/0 2/0 4/0 

Total (%) 24 (11) 27 (13) 21 (10) 14 (7) 38 (18) 124 
JSSCD 

S pneumoniae 6/9 8/7 5/0 1/1 1/1 21/18 
Salmonella spp 3/3 4/1 7/5 2/2 0/0 16/11 
H. Influenzae 8/2 1/1 0/1 0/0 0/0 9/4 

Escherichia, coli 1/0 0/0 0/0 0/3 0/2 1/5 
Klebsiella spp 0/0 0/0 1/0 2/1 0/1 3/2 

Total (%) 32(15) 22 (10) 19(9) 12(6) 5 ( # 90 

Presentation of infection data is complicated by the need to categorise by more than one 

criterion, which produces small or unreliable incidence data. A report of bacteraemias from 

the cooperative study in the USA stratified events into five age groups but not by sex or 

bacteraemia (64). 

Substantial differences were apparent between the JSSCD and clinic participants. The age 

structure of these groups differed, the oldest subjects being 24.5 years in the cohort group 

compared with 20.6 in the main group. Although the interquartile ranges were less disparate 

(cohort group, 11.2-21.2; main group, 10.7-31.4), this difference in age distribution affected 

the pattern of infection, because 19 of 38 bacteraemias in patients in the chnic group aged 20 

years and above were caused by E coli compared with two of six in the JSSCD. However, 

although it complicated assessment of the data, the inclusion of patients from the clinic 

group contributed most of the events, thereby increasing the sensitivity of analysis. The 

unadjusted fivefold increase in infections among participants in the JSSCD (18.5 per 1000 

patient-years) compared with clinic study participants (3.7 per 1000 patient-years) was also 

a concern, raising the possibility of considerable underdiagnosis in the clinic group. Analysis 

of incidence within narrower age bands reduced this relative incidence to 2.6-fold. Factors 
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contributing to this difference included the more comprehensive and complete follow up of 

the JSSCD and the fact that patients in the clinic study are more likely than those in the 

JSSCD to attend other health care institutions, which might not have the same access to 

microbiological facilities. Under such circumstances, patients would be treated empirically, 

without culture confirmation of diagnosis. The JSSCD who have been monitored closely in 

this clinic since birth, would almost certainly attend for illness and be investigated 

aggressively. Because care of sickle cell patients worldwide more closely resembles that in our 

clinic study, the implications are that bacteraemia is underdiagnosed. A direct attempt to 

quantify the bias in reporting clinical events among clinic-ascertained study participants is 

presented in Chapter Six (Section 6.3.6). 

Table 3.15. 

Age related incidence of infections among 311 JCS and 3509 main study patients. 

Age group (years) 

0 to 2 3 to 5 6 to 9 10 to 19 20 + 

JSSCD 

Events 30 26 17 13 4 
1000 person yrs 0.87 0.81 1.01 1.94 0.24 
Rate (95% ci) 34.5 (23.1 - 53.9) 32.1 (20.9 - 51.8) 16.9 (10.5 - 29.0) 6.7 (3.7 - 13.5) 17,0 (6.6 - 57.8) 
SIR (95% ci) 1.9 (1.3 - 2.9) 1.7 (1.1 - 2.8) 0.9 (0.6 - 1.6) 0.4 (0.2 - 0.7) 0.9 (0.4 - 3.1) 
Clinic study 

Events 21 30 21 13 39 
1000 person yrs 1.07 2.31 3.53 9.69 16.62 
Rate (95% ci) 19.6 (11.9 - 34.7) 13.0 (8.8 - 20.0) 6.0 (3.9 - 9.6) 1.3 (0.8 - 2.5) 2.4 (1.7 - 3.3) 
SIR (95% ci) 5.3(3.2-9.4) 3.5(2.4-5.4) 1.6(1.1-2.6) 0.4(0.02-0.7) 0.6(0.5-0.9) 
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Chapter 4 

Participant non-response 

Background 

Measurements are only possible if study members remain available and willing participants. Bias re-

sulting from losing participants may invalidate subsequent findings, and the exploration of this asser-

tion is a recent development in statistical research, which still often requires novel methodology. If 

non-response is dependent on current or previous levels of the outcome, the non-response should not 

be ignored, and the use of much standard statistical methodology may provide biased results. 

Methods 

We classify non-response as permanent non-response (or dropout) and temporary non-response (or 

default). We develop alternative definitions of default, and methods for quantifying default, and we 

introduce a simple summary measure of default (the default index). We describe default cross-

sectionally and longitudinally in the JSSCD, and in the clinic population, which has less rigorous fol-

low-up procedures. Using the JSSCD, we assess the influence of default on subsequent dropout using 

parametric survival modelling. We assess the dependence of selected haematological and clinical out-

comes on the probability of default and dropout using recently developed pattern-mixture modelling. 

Findings 

Among homozygous sickle-cell disease JSSCD members, there has been 23% dropout due to death and 

17% dropout due to migration from Jamaica between January 1973 and December 1999. Default from 

all pre-arranged appointments is 21.9% (95% confidence interval 20.1 to 24.0), default for an entire 

year is 2.7% (1.6 to 4.4), and default &om providing asymptomatic haematology is 19.8% (17.8 to 

22.0). Equivalent default from the main study is between 8 percentage points higher for steady-state 

visits and 57 percentage points higher for visits that collect haematology. Among JSSCD members, 

default is a strong predictor of subsequent death. Among members with 25% default 17% of males 

and 19% of females will die by 18 years of age. Among members with 75% default 59% of males and 

63% of females will dropout by 18 years of age. Both default and death are shown to be non-ignorable 

when modelling haematological indices (total haemoglobin and fetal haemoglobin) and clinical out-

come (pain crisis rate). 

Interpretation 

Dropout due to death in the JSSCD is high, and is an inevitable consequence of studying a life-

threatening medical condition for a long period of time. Default is harder to quantify; it depends on 

the research question and on the method of measuring clinic absence. Although annual default is be-

low 3%, for much sickle-cell epidemiology using steady-state haematology a default rate of 20% is a 

more appropriate summary. The prediction of subsequent death by levels of default provides a poten-

tial avenue for intervention. The non-ignorable nature of default and death in the JSSCD has conse-

quences for the analysis of sickle-cell disease epidemiology. Further sensitivity studies are required to 

assess the size of the bias introduced by inappropriate analyses. 
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4.1 Introduction 

r r i he systematic collection of information is an integral feature of the research process. Its 

early position in this process means that inadequate da ta collection potentially invali-

dates subsequent research conclusions. Inadequate data collection encompasses failures to 

incorporate relevant information in the data collection design, inaccurate measurement of 

collected information, and the inability to collect information from some study participants. 

Here, we restrict our attention to the problems introduced by uncollected information, or 

non-response of study participants. 

Data collection in medical research (and in epidemiology in particular) is a social science. It 

is reliant on the prevailing environmental conditions, and perfect (or complete) collection of 

required information is an artiRcial ideal. With the growth in longitudinal research to 

incorporate the influence of time in hypotheses, the changes in environmental conditions that 

are often of direct interest to researchers may also modify the likelihood of response. 

The Jamaican Cohort Study of Sickle Cell Disease (JSSCD) was designed to implicitly in-

corporate the passage of time. Multiple observations are taken for each cohort member on a 

range of clinically relevant variables, collected according to a pre-deSned regime (see Chap-

ter Two, Section 2.2.3). This prospective design is necessary to capture the dynamic nature 

of participants' disease experiences. 

Measurements can only be taken if cohort members remain available and willing partici-

pants, and the tracking and retention of cohort members is a central component of any 

ongoing cohort study. The financial costs associated with such endeavour are inevitably 

high. Implementing successful methods for retaining members is perhaps the greatest 

challenge of ongoing cohort studies. Bias resulting from loss of cohort members may 

invalidate subsequent findings and the exploration of this assertion is a recent 

methodological development in cohort research, which still often requires novel methodology. 

In this chapter we provide the first description of non-attendance at the Jamaican Sickle cell 

clinic. We explore the role of non-attendance in biasing our at tempts at describing clinical 

outcomes and modelling their potential risk factors. In section 4.2 we introduce the typology 

of non-response. In section 4.3 we detail the evidence on the consequences of non-response in 

aetiological studies. In section 4.4 we describe the methods used in the JSSCD to retain co-

hort members. In section 4.5 we provide a detailed description of the definitions of non-

response for the JSSCD. In section 4.6 we provide a brief outline of the general method for 

modelling non-response. In sections 4.7 and 4.8 we present the methods and results for de-

scribing and measuring the effects of non-response in the JSSCD. We provide a discussion in 

section 4.9. 



Chapter Four Patient non-response 4.3 

4.2 Types of non-response 

4-2.1 definition 

We anecdotally define non-response as measurements that were intended but not made. In 

longitudinal observational studies the distinction between missed measurements and meas-

urements that are planned at irregular intervals can be difficult. Observational studies that 

include time as a design feature must provide a regime for d a t a collection and clear defini-

tions of non-response. 

4-.2.2 Non-response classifications 

An individual that declines to join a study is known as a refusal. A study member that 

misses one or more scheduled study appointments and subsequently attends is known as a 

defaulter; throughout this report we refer to this intermittent and temporary non-response as 

default. A study member that misses all appointments after a certain time is known as a 

dropout. In the JSSCD dropout is usually because of death or emigration. In this report we 

use the terms death and migration when referring to these specific causes of non-response. 

We use the term dropout when referring to all causes of permanent non-response. A study 

member that misses the latest study appointment is a current defaulter. Current default is a 

necessary temporary classification that will be re-classified as default or dropout, as more in-

formation becomes available. The JSSCD definitions of non-response are summarised in 

Table 4.1 

Table 4.1. 

Non-response typology adopted in the Jamaican Cohort Study 

of Sickle Cell Disease (JSSCD) 

Term Description 

Refusal An individual that declines to join a study. 

Non-response Measurements that were intended but not 
made. 

Default Temporary non-response when a study 
member misses 1 or more scheduled ap-
pointments, and subsequently returns. 

Dropout* A study member that misses all appoint-
ments after a certain time. In the JSSCD 
there are two main reasons for dropout: 
death and emigration. 

Current default A temporary classification that is updated 
to default or dropout as more information 
becomes available. 

* Dropout refers to all-causes of permanent non-response. 

Single causes (death and emigration) are stated explicitly. 

(b) Little and Rubin (1987) 

Rubin (1) and later Little and Rubin (2) suggested three types of non-response that have an 

increasing impact on the results of a study. The definition has been widely adopted as the 
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bagis for developing statistical methods to cope with non-response. The subsequent terminol-

ogy of Diggle and Kenward (3) is less technical and is used here. If the reason for a study 

member to miss a particular visit is unrelated to the study outcome at that visit and at all 

previous visits the non-response is known as rancgom. If the reason is unrelated to 

the outcome at that visit but depends on the outcome at previous visits the non-response is 

known as roMcfom. If the missed visit depends on the outcome at that visit the non-response 

is known as informative. This classification deals with the validity of applying research con-

clusions to the entire study population when a subgroup exhibits non-response. Lindsey (4) 

comments that the convention relates to whether a study outcome is independent of the rea-

sons for non-response rather than randomness, and suggests a renaming of the three groups 

to compZê e/?/ and 

jLmdaey 

Crucially, the above classification assumes that any non-response is an available but missed 

measurement. In the important case of dropowf, measurement is often no longer possible (in 

our study, dropout is generally due to death or migration overseas). Lindsey (4) offers a 

simpler alternative that examines the response profile over time. If there is no variation in 

dropout over time the process is known as random. If dropout varies with time in the same 

way for all patients the process is known as zgnorobZy If dropout varies with 

time and differentially between patients the process is known as non-ignorahle. 

Data can be missing to different degrees, and a final classification might use the quantity of 

intended information that is missing. For a single patient, partial information (one or several 

variables) may be missing, all measurements may be missing for a particular time point, and 

these two possibilities may be missing systematically or erratically over several time points. 

4.3 Consequences of non-response 

Although a general maxim is to avoid non-response at all times, a policy of zero non-

response is an artificial ideal. Some dropout (for us due to death, or migration from Jamaica) 

is an integral part of the research process. 

The most important guideline must be to record the time and reason for the non-response. 

Potential cohort members that cannot be recruited (e.g. because of refusal, or non-

ascertainment due to sampling methods) are the most problematic group of non-responders. 

Reasons for non-participation should be recorded in detail, although there are situations 

when little information will be available. For example, in a prevalent cohort, deaths in early-

life are (a) informative with respect to disease outcome, and (b) occur before study recruit-

ment. Information beyond date and cause of death are unlikely to be available. Study bias is 

inevitable. 
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/ncreoaetf / Z/ogg o/power 

A simple consequence of dropout or default is an overall reduction in power to answer any 

particular research question compared to a theoretical complete dataset. In a long running 

cohort study such aa the JSSCD this is likely to be a minor concern compared to the poten-

tial bias introduced. 

Much evidence suggests that dropouts and defaulters differ systematically from non-

defaulters (5-8). The extent of this introduced bias and the methods for bias adjustment de-

pend on which non-response mechanism is operating (compZê eZ?/ rancfom, rantfom, or m/or-

Methods for describing and adjusting for bias have proliferated in recent years, and 

are described briefly in Section 4.6. 

In the common situation of informative non-response, default and death often occur due to 

ill-health, which leaves a subset of responders that are the healthy remainder. This problem 

has been described previously, often in the context of occupational epidemiology, and is usu-

ally termed the 'healthy worker effect' (HWE) or 'healthy-person effect' (HPE) (9;10). The 

effect is particularly relevant to long-running studies such as the JSSCD where cumulative 

attrition may leave a mildly affected subgroup of participants. The opposite effect may also 

exist, may be termed the 'sick-person effect' (SPE), and would usually occur when a diseased 

patient group are compared with an inappropriate referent (11). In the JSSCD, an original 

hypothesis suggested that mild patients weren't represented in clinic-based study popular 

tions. Neonatal recruitment in the JSSCD was designed to examine this hypothesis. 

4.4 Methods of retaining and tracking patients at the Jamaican sickle-cell unit 

High retention rates in follow-up studies reduce the potential for biased data due to selective 

loss of study participants. Specific forms of dropout (e.g. death and migration) are integral 

and inevitable consequences of long-term follow-up, and cannot be influenced by efforts to 

retain study members. Other forms of dropout (e.g. participant refusal) and all forms of de-

fault are certainly influenced by study design, and are preventable. Literature on methods to 

enhance retention rates is recent and is growing (12-16). Common themes include the main-

tenance of regular contact with participants linked to regular encouragement to attend, and 

ensuring that the participants remain well informed of the study's progress. Special consid-

erations are often necessary for 'hard-to-retain' members of a study (17). Methods to mini-

mise default in the JSSCD use two broad techniques: encouraging retention of cohort mem-

bers and tracking those cohort members that do default. 



Chapter Four Patient non-response 4.6 

m (Ae J5'5'CD. 

jZegWor/o/Zow-ttp. 

Regular follow-up of cohort members allows regular data collection during periods of steady-

state. A continuing education programme details the benefits of preventive clinical manage-

ment, and reminds participants that such management is only possible if they attend the 

clinic regularly when well. 

At each appointment, the next clinic appointment is scheduled. Future appointments are 

stored in a dedicated clinical database, with letter reminders sent to members before the 

visit is due, and if necessary as soon as the appointment is missed. Annual 'birthday' ap-

pointments take a higher priority, and if this birthday appointment is missed, a telephone 

call reminds the study participant of the visit. 

Free cZmico/ care and o^Aer 'rewards^ 

Clinical care is free to all cohort members. Jamaica offers means tested health-care, making 

free clinical care the overwhelming incentive among cohort members to attend the clinic for 

regular appointments, and also when sick. The cost of public transportation to and from the 

clinic is reimbursed for all pre-arranged appointments. All cohort members receive a T-shirt 

on their annual 'birthday' visit. 

(Ae 

The continuity of long-serving staff has promoted a bond between staff and cohort members 

that helps to ensure ongoing identification with the study. A full time social worker and a 

patient-run support club help participants to cope with the social consequences of the dis-

ease, and promote a sense of community within the study. 

4-4-2 Tracing default in the JSSCD 

TrocAMMg ai/afem 

A dedicated database maintains current contact details of all cohort members. Currently de-

faulted members are flagged and efforts to trace these members are centred around an an-

nual cohort review. 

(̂ 6̂  rewew 

In addition to the birthday visit, an annual review over a three-week period in late January 

allows the collection of specialised information (such as oximetry, and ocular, nutritional, 

and ultrasound information). An associated benefit of this effort is the opportunity to locate 

cohort members that are currently defaulted. Appointments are known one-year in advance, 

and reminders are mailed two-months before the appointment. If a cohort member misses 

the appointment, telephone reminders are made, and a new visit is re-scheduled within the 

three-week window. Personal collection is arranged for any cohort member that misses the 
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original and re-scheduled appointment. During this annual review, reasons for default are 

collected from members that have defaulted during the previous 12 months. 

Trac/MMg cfimc 

Clinic-study participants follow a six-month appointment regime. Because of resource limita-

tions, no attempt is made to trace clinic-study members t ha t miss pre-specified appoint-

ments. 

4.5 Defining non-response 

De/zzimg dropout 

Dropout is based on definitive endpoints (death, migration) and is irreversible. These end-

points, along with the date that the endpoint occurs deSne each participant dropout (see 

Table 4.1). 

Intermittent default is more difficult to define. Strictly, the period between a missed clinic 

appointment and a subsequent clinic visit defines an episode of intermittent default. In real-

ity, very few cohort members present to clinic on the exact day of their pre-specified ap-

pointment, and a pragmatic definition must account for variation in appointment keeping. 

Moreover, the reported level of default should be tailored to the study outcome under inves-

tigation - for example, a patient can be sick at a pre-specified appointment, which leads to 

default from providing steady-state haematology but not default from the clinic. Algorithms 

are presented below that describe alternative approaches to understanding default in the 

JSSCD. 

Default measurements are defined by the relationship between pre-defined appointments and 

actual patient visits. For two consecutive pre-defined appointments, four visit schedules are 

possible (Figure 4.1). When study participants present to clinic between consecutive ap-

pointments, they may be attending late for a previous appointment (schedule one), early for 

the next appointment (schedule two), or may be attending for other reasons (schedule 

three). A patient might not present to clinic at all between two consecutive appointments 

(schedule four). A combination of three definitions decide how we quantify default: the ap-

pointment regime of the cohort study, the visit regime of each study member, and how the 

discrepancy between appointments and visits is measured (the default regime). 

regime 

The pre-defined appointment regime is presented in Section 2.2.3 (Tables 2.3 to 2.5). An im-

portant component of the JSSCD is the measurement of steady-state haematological indices, 

with collection between one and four times a year, depending on participant age and geno-

type. Two annual visits (a 'birthday' appointment and an annual January 'review') are the 
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cornerstone of the data collection regime and many more annual measurements are taken at 

these times. Collectively, the overall appointment regime is defined by any pre-arranged 

haematology or annual appointment. We can therefore define three alternative appointment 

regimes: haematology appointments, annual appointments, and all appointments. 

Figure 4.1 

Possible visit schedules 

Poss ib le visit s c h e d u l e s 

y L a t e for a p p o i n t m e n t A1 

y Ear ly for a p p o i n t m e n t A 2 

y Addi t ional visit 

A 1 A p p o i n t m e n t O n e 

A 2 A p p o i n t m e n t T w o 

Schedule one: A1 

Schedule two: A1 

Schedule three: A1 

Schedule four: A1 

V 

V 

V 

time" 

- • A2 

A2 

- • A2 

• A2 

(c) Visit regime 

A study member presents to the clinic when well, or because of clinical complications, and 

haematology may be taken at either type of visit. Haematology taken when a participant is 

without clinical symptoms is known as steady-state haematology. We can therefore define 

four alternative visit regimes: all visits, and asymptomatic visits, each with or without hae-

matology measurements. 

Table 4.2. 

Five possible default regimes 

Default regime Appointment regime Visit regime 

All-default All appointments All visits 

Annual-default Annual appointments All visits 

Steady-state default All appointments Asymptomatic visits 

All haematology default Haematology appointments All visits 

Steady-state haematology default Haematology appointments Asymptomatic visits 
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regime 

Using combinations of appointment and visit regimes, five types of default regime are avail-

able to us (Table 4.2). All-default is considered the primary measure of interest for results in 

this chapter. 

(̂ ê  MetAoda /or (fe/awK 

We define six and implement five ways of measuring each default regime. The five imple-

mented methods are described with reference to Figure 4.2, a series of nine consecutive clinic 

appointments and seven actual visits between 1981 and 1983 for a male SS participant born 

in 1975 and six-years old at the first appointment in this series. Routine appointments were 

scheduled once every three months for an SS participant of this age. Appointment and visit 

dates in this two-year series are presented in Table 4.3. A visual description of the five de-

fault regime measurements is presented in Figure 4.2. For all methods, default is presented 

as the number of days of default (Table 4.5). There are three months between successive ap-

pointments and two years in the complete sample series. 

Strict default (strict). Strict default requires the study participant to attend the clinic on 

the exact day of their appointment. Default is calculated as the number of days from the 

appointment to the subsequent visit. We considered this strict definition to be unrealistic in 

the Jamaican setting and have not implemented the measurement in this report. 

Soft default (soft) (Figure 4-2 A).li a. participant does not present to clinic in the period 

between two consecutive appointments, the full three-month period is considered defaulted. 

This method is a relaxation of strict default, which requires presentation on the exact ap-

pointment date. In our sample series, the cohort member does not present between appoint-

ments two and three, appointments four and five, and appointments seven and eight. Three 

3-month periods (91 days x 3 = 273 days) are defaulted. 

Forward default (forward) (Figure 4-2 B) The first visit after an appointment is con-

sidered an early visit for the next appointment. If an appointment has been attended, the 

next 3-month period is not considered defaulted. In our sample series, visit one fulfils ap-

pointment two, and the subsequent 3-month period (between appointments two and three) is 

not defaulted. There is no visit between appointments two and three, appointment three is 

not fulfilled, and the subsequent 3-month period (between appointments three and four) is 

considered defaulted occura. Appointment three occurs on July 10, 1981 

and the next visit (visit three) occurs on July 17, 1981, creating a defaulted period of 7 

days. Visit three then fulfils appointment four and the subsequent 3-month period between 

appointments four and five is not defaulted, and so on. 

Backward default (backward) (Figure 4-^ C). The first visit after an appointment is 

considered a late visit for the previous appointment. If an appointment has been attended. 
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the next 3-month period is not considered defaulted. In our sample series, visit one fulfils 

appointment one, and the next 3-month period (between appointments one and two) is not 

defaulted. There is no visit between appointments two and three, appointment two is not 

fulfilled, and the subsequent 3-month period (between appointments two and three) is con-

sidered defaulted. Visit three is then considered a late visit for appointment three and the 

subsequent 3-month period between appointments three and four is not defaulted, and so on. 

This method produces equivalent results to soft default. 

Table 4.3. 

Appointment (A) and visit (V) dates for a male SS cohort member born in 1975 and aged six years at 

the initial appointment in this sample period. 

1981 

visits 
Date of visit 

1982 

visits 
Date of visit 

1983 

visits 
Date of visit 

A1 10 Jan 1981 A5 10 Jan 1982 A9 10 Jan 1981 

VI 25 Jan 1981 V5 18 Mar 1982 

V2 19 Mar 1981 A6 10 Apr 1982 

A2 10 Apr 1981 V6 02Aiayl982 

AS 10 Jul 1981 A7 10 Jul 1982 

V3 17 Jul 1981 A8 10 Oct 1982 

V4 29 Aug 1981 V7 30 Oct 1982 

A4 10 Oct 1981 

Nearest default (nearest) (Figure 4-2 D). This practical default measurement method 

combines the features of the forward and backward measurement methods. It assigns each 

visit to its nearest appointment according to the algorithm presented in Table 4.4. The algo-

rithm identifies the nearest visit to each appointment and the nearest appointment to each 

visit. A visit is assigned to an appointment if it is the nearest visit to that appointment, and 

if the visit is not nearer to another appointment. In our sample series, visit one is nearest to 

appointment one and appointment one is nearest to visit one. Visit one is assigned to ap-

pointment one and the next 3-month period (between appointments one and two) is not de-

faulted. In the same way, visit two is assigned to appointment two, visit three to appoint-

ment three, and visit four to appointment four. Visit five is the only possible assignment to 

appointment five. However, visit five is nearer to appointment six, and so no assignment to 

appointment five is possible. Appointment five has no assigned visit, and the period between 

appointment five and the next visit (visit five) is considered defaulted. Appointment five oc-

curs on Jan 10, 1982 and visit five occurs on Mar 18, 1982, creating a defaulted period of 67 

days. Appointment six is the nearest appointment to visits five and six. Visit six is the near-

est visit to appointment six. Visit six is assigned to appointment six, and the next 3-month 

period (between appointments six and seven) is not defaulted, and so on. 
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Table 4.4. 

Algorithm for nearest default 

(1) For each appointment, select: 

IA. The nearest visit from the previous time period 

IB. The nearest visit from the subsequent time period 

IC. The nearest visit from lA and IB. 

(2) For each visit, select: 

2A. The nearest appointment to the visit 

(3) Assign visit to nearest appointment: 

3A. Assign to previous appointment iff, 

the previous event is the appointment AND the nearest event to 

this visit is the previous appointment AND the nearest visit to the 

previous appointment is this visit. 

3B. Assign visit to next appointment iff, 

the next event is the appointment AND the nearest event to this 

visit is the next appointment AND the nearest visit to the next 

appointment is this visit. 

Appointment default (appointment) (Figure 4-^ E). In practice, clinicians often (but 

not always) shift appointments forward if a patient presents to clinic between pre-defined 

appointments. The probability of appointment shifting increases if the patient is reasonably 

well at an intervening visit, and if the visit is very close to a subsequent appointment. This 

practice shifts the patient's entire future appointment regime forward in time. In our sample 

series, visit two is the last visit in the interval between appointments one and two. The pa-

tient presented on Mar 19, 1981 for visit two, and appointment two was originally scheduled 

for Apr 10, 1981, just 22 days later. Appointment two is shifted to occur 91 days after visit 

two (on Jun 18, 1981). Visits three and four occur less than 91 days apart, and so appoint-

ment three is shifted to occur 91 days after visit four (on Nov 28, 1981). In the same way, 

appointment four is shifted to occur 91 days after visit six (on Aug 01, 1982). No more ap-

pointments are scheduled in our two year sample series. The period between each shifted ap-

pointment and the subsequent visit is considered defaulted. 

( f ) Comparing regimes 

An anecdotal comparison of default measurement regimes using our single appointment and 

visit sequence (Table 4.5), suggests a dichotomy into low-default regimes (forward shift and 

nearest shift) and high-default regimes (soft/backwards shift and appointment shift). 

We note that our nearest default method is the only technique that is not a true Markov 

process; we require information on one future visit in order to assign each visit to an associ-

ated appointment. In practice, the process can be considered Markov as we do not require 

knowledge of the future visit in order to correctly count the number of defaulted days. 



Figure 4.2 

Five default measurement methods for nine consecutive appointments and seven consecutive clinic visits by a cohort participant aged six years at the initial appoint-
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Table 4.5. 

Number of days of default during a two year clinic appointment and clinic visit schedule for a male SS 

cohort member born in 1975 and aged six years at the initial appointment. 

Appointments Number of days defaulted 

Soft Forward Backward Nearest Appointment 

A1 to A2 0 0 0 0 0 

A2 to A3 91 0 91 0 29 

A3 to A4 0 7 0 0 110 

A4 to A5 91 0 91 0 91 

A5 to A6 0 67 0 67 -

A6 to A7 0 0 0 0 -

A7 to A8 91 0 91 91 -

A8 to A9 0 20 0 0 -

Total default 273 94 273 158 229 

Total default (%) 37.5 12.9 37^ 21.6 31.3 

4.6 Describing and analysing non-response: general methods 

When describing and analysing non-response, the data-analyst should provide a level of de-

tail that allows an audience to effectively assess the consequences of this default. A non-

response report should include a quantification of the level of missing information, a descrip-

tion of the expected missing-data mechanism in operation, and an attempt to directly exam-

ine the impact of non-response on relevant research conclusions. 

4-6.1 Describing the non-response 

The CONSORT statement for clinical trials suggests a simple count of the number lost to 

follow-up (18). Observational studies have no equivalent guidelines, and non-response report-

ing (if it exists at all) rarely offers more than a cumulative count of participant dropouts. 

Such reporting ignores the quantity of time lost in longitudinal studies, and the form of the 

non-response mechanism. In this chapter we present a simple measure for quantifying the 

level of non-response in longitudinal studies, and apply it to t he JSSCD and the clinic sam-

ple. The statistic, which we call the default index (D), is a rat io of the number of defaulted 

days to the number of potential days of study attendance, expressed as a percentage. This 

can equivalently be thought of as the number of defaulted days for every 100 days of poten-

tial follow-up: 

1 = 1 / i=l 
(4.1) 
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for participant = where 7} is the potential days of follow-up and r, is the number 

of defaulted days. Dropout is considered an integral feature of this prospective study, and 

the post-dropout period does not contribute to potential follow-up time. A recent article of-

fered an equivalent statistic, the completeness index (C), which is the ratio of the total ob-

served person time of follow-up expressed as a percentage of potential time of foUow-up in a 

study (19). Using the above notation, the completeness index numerator would be . 

Faced with non-response, many studies adopt analysis techniques that require a compZetefi/ 

random (MCAR) missing data structure for validity (see Chapter Five). This ignores a tenet 

of good research practice that requires us to aasume a non-ignorable missing data mechanism 

and to disprove this assumption. Several studies have developed formal methodology to ex-

amine whether missing data are comp/efefy roncfom (MCAR). Little offered a test for multi-

variate Normal data (20), and the test was extended by Park and Davis to cope with multi-

variate categorical data (21). These tests strati^ a population according to its missing data 

pattern, and test the homogeneity of the parameter estimates across strata. If test statistics 

are significantly different across strata, then the missing data should not be ignored. Park 

and Lee, and Chen and Little independently utilised generalised estimating equations (22) to 

extend the approach (23;24). Within these GEE implementations continuous and discrete 

distributions can be handled, additional parameters can be included, and testing homogene-

ity is possible within a single model. These final approaches are related to Little's pattern-

mixture model described in Chapter Five. Even using these techniques, extreme care must 

be taken when concluding that a missing data mechanism is MCAR, because the form of the 

dependence may not have been discovered. Applied evidence repeatedly confirms the pres-

ence of non-ignorable missing data (25-27). 

4.7 Describing and analysing non-response in the JSSCD: methods 

We tabulated dropout, stratified by dropout reason (death or migration), by study group 

(JSSCD sample or clinic sample), and by genotype. We graphed dropout distributions by 

dropout reason (death or migration), by time scale (age at dropout or year of dropout) and 

by gender. Using just the JSSCD members, we further tabulated default, death, and migra-

tion by genotype (SS and AA), by sex, and by age (birth to 18 years). 

Intermittent default predates death or migration by design, and a participant's tendency to 

default may be a predictor of subsequent death or migration. In this report we used a cross 

sectional summary of intermittent default for each participant (the default index averaged 

over time) to assess default as a predictor of time until death. We considered alternative 

semi-parametric and parametric models within a survival-model framework, and assessed 

competing models using Akaike's information criterion (AIC). The Cox model is the survival 
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model of choice for much epidemiology, and we considered it here along with a test of its as-

sumption of proportional hazards of death. We also implemented a general parametric mod-

elling framework using cubic splines that were linear between boundary points (or knots) us-

ing proportional hazards (PH) and proportional odds (PO) modelling (28). We chose the 

number of splines to incorporate in the model using AIC. With a single spline (i.e. no knots) 

the model reduces to the Weibull distribution under proportional hazards and the log-logistic 

distribution under proportional odds. We adjusted all models for di%rences across gender, 

and we used the final model to predict time until participant death for various levels of de-

fault. The JSSCD homozygous sickle-cell disease participants have the most accurate mortal-

ity information and we restricted modelling to this sample. Older JSSCD participants have 

been observed for longer, allowing a increased chance of observing deaths. We restricted our 

model to deaths by 18-years of age, which ensured an equivalent period of follow-up for aH 

participants. 

We averaged the default index (D) over time for each participant, and we summarised the 

resulting average for JSSCD and clinic groups for each of the five default regimes (all de-

fault, annual default, steady-state default, all-haematology default, steady-state haematology 

default). To allow comparison with other work, we also present the completeness index (C). 

We constructed confidence limits for D and C from 1000 bootstrapped JSSCD and clinic 

study datasets. We plotted the observed follow-up time against potential follow-up time, fol-

lowing closely the graphical display of Clarke et al (19), and we call this display the com-

pleteness graph. Clarke measures potential follow-up days as the number of days from study 

enrolment to the end of the study for every study member. In our case, the end of the study 

would be December 31, 1999. Importantly, this makes no distinction between non-response 

due to default and due to dropout, and so confounds these distinct processes. In prospective 

cohort studies loss of information due to both these processes can be substantial, and is 

likely to have fundamentally different causes. In our presentation, we measured potential fol-

low-up as the number of days from enrolment to either December 31, 1999 or the date of 

dropout, whichever occurred first. Our measures of D and C therefore describe study losses 

due to default only. 

We also present intermittent default longitudinally by age (in years from birth to 27) and by 

time (from 1973 to 1999). We highlighted differences between the five default measurement 

regimes by plotting default against age for SS disease JSSCD members. We highlighted dif-

ferences between JSSCD and clinic populations using the five default regimes, measured us-

ing the two practical default measurement methods - nearest default {nearest) and appoint-

ment default (oppom^meM^). 
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4.-7.3 Describing the non-response mechanism 

We examined the non-response mechanism using the GEE pattern-mixture modelling ap-

proach of Park and Lee (23). Tests for an MCAR missing data-mechanism were performed 

using three separate outcome measures: total haemoglobin (Hb), fetal haemoglobin (HbF), 

and total painful crisis events. Hb and HbF are important predictors for much clinical out-

come (29;30), and the painful crisis is a widely used proxy for overall health-status in sickle-

cell disease (31). If non-response affects these outcomes, there would be implications for 

much sickle-cell disease epidemiology. To ensure that all participants had the same length of 

time for default, death, and emigration, we performed our analysis on JSSCD members be-

tween birth and 18 years of age (the age of the youngest JSSCD member). To create the 

non-response patterns, we classified each participant as a defaulter (yes or no), and as either 

a dropout because of death (yes or no) or migration (yes or no). All models were adjusted for 

the potentially confounding effects of age and gender. The physiologic decrease in Hb and 

HbF immediately after birth is well recognized, and to capture this nonlinear trend we used 

fractional polynomials of age and a regression spline at age one (32,-33). We describe these 

techniques for modelling non-linear trends in Chapter Five. For each outcome we fitted three 

models. In model one we fitted baseline covariates only (age and gender) and so assumed 

that the non-response mechanism is completely random (MCAR). In model two we addition-

ally included the three non-response indicators, and because of the influence of default on 

subsequent death (see section 4.8.1), we also included two-way interactions between default 

and either death or migration (default X death, default X migration). In model three we used 

all terms in models one and two and additionally included two-way interactions between the 

non-response indicators and the baseline covariates (age and gender). For models two and 

three we explicitly examined the MCAR assumption for each of the non-response mecha-

nisms (default, death, migration) using a generalized Wald test on all terms involving each 

indicator. 

Table 4.6. 

The number of study participants dropping out due to death and migration among the JSSCD and 

clinic populations between January 01, 1973 and December 31, 1999. 

Dropout JSSCD members Clinic members 

All genotypes SS genotype All genotypes SS genotype 

Non-dropout 561 190 5132 3256 

Death 92 72 643 540 

Migration 145 53 584 445 

Total 798 315 6359 4241 

Total Dropout 237 125 1227 985 



Chapter Four Patient non-response 4.17 

4.8 Measuring non-response: results 

0/ and 

Numbers of participant dropouts between 1973 and 1999 are presented in Table 4.6, Table 

4.7, and Table 4.8, and probability distributions of these deaths and migrations are pre-

sented in Figure 4.3. Among JSSCD members, there are more deaths than migrations in 

early-life, and an excess of migrations in the second decade of life produces a roughly equal 

contribution of death and migration by early adulthood (Figure 4.3a). Mortality is initially 

higher in females. Males have a higher mortality in the second Ave years of life, and by early 

adulthood the number of deaths are roughly equal across gender. This age-related mortality 

difference across gender is unexplained and is explored further in Chapter Six, section 6.3.8. 

The rates of migration, which began in volume in the mid-1980's, are equivalent across gen-

der (Figure 4.3b). Among clinic members, death and migration are equivalent in the first few 

years of life, with more migration thereafter (Figure 4.3c). The lower mortality relative to 

the JSSCD is a feature of incomplete patient enrolment, which we discuss in Chapter Three. 

Mortality and migration seem to increase in the 1990's, and this is possibly an artefact of 

improved ascertainment (Figure 4.3d). 

Around 9% of SS men and women had defaulted at some point during their 18th year, with 

lower levels among AA cohort members (5.7% for men and 6.5% for women). By 18 years of 

age dropout was primarily due to death among SS cohort members (male deaths 34 or 

10.8%, female deaths 32 or 10.2%, male emigrations 20 or 6.3%, female emigrations 22 or 

7%), and was primarily due to emigration among AA cohort members (male deaths 2 or 

0.8%, female deaths 2 or 0.8%, male emigrations 14 or 5.7%, female emigrations 22 or 8.9%). 

We note the increased early-childhood deaths among SS women versus SS men 
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Table 4.7. 

Numbers of childhood defaulters (using all-visit default) by age, genotype, and gender among 315 SS 

and 246 AA members of the Jamaican Study of Sickle-Cell Disease (JSSCD) 

All-visit default 

Age SS AA 

Men Women Men Women 

1 day 1 0 0 0 

1 week 1 1 2 1 

2 weeks 4 2 3 2 

1 month 7 3 4 5 

2 8 9 6 8 

3 11 11 5 7 

4 11 13 5 8 

6 15 16 5 9 

8 14 15 3 12 

10 16 14 6 12 

1 year 18 13 8 10 

2 20 20 12 20 

3 27 23 11 19 

4 26 23 12 22 

5 23 25 12 20 

6 25 26 14 21 

7 24 28 14 18 

8 22 23 15 16 

9 19 25 12 17 

10 26 34 13 18 

11 23 30 11 17 

12 23 28 9 15 

13 27 29 12 17 

14 25 29 9 16 

15 30 30 11 19 

16 30 28 14 20 

17 30 29 14 21 

9.5% 9.2% 5.7% 6.5% 
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Table 4.8. 

Numbers of childhood deaths and migrations by age, genotype, and gender among 315 SS and 246 AA 

members of the Jamaican Study of Sickle-Cell Disease (JSSCD) 

Death Migration 

Age SS AA SS AA Age 

Men Women Men Women Men Women Men Women 

1 day 0 0 0 0 0 0 0 0 

1 week 0 0 1 1 0 0 0 0 

2 weeks 0 0 1 1 0 0 0 0 

1 month 0 0 1 1 0 0 0 0 

2 0 0 1 1 0 0 0 0 

3 0 0 1 1 0 0 0 0 

4 1 0 1 1 0 0 0 0 

6 1 3 1 1 0 0 0 0 

8 4 6 2 1 1 0 0 0 

10 5 10 2 1 1 0 1 0 

1 year 5 13 2 1 1 0 1 0 

2 8 18 2 1 1 0 1 0 

3 11 22 2 2 1 0 1 2 

4 13 22 2 2 2 0 1 2 

5 15 24 2 2 2 1 1 3 

6 18 25 2 2 2 1 1 3 

7 19 26 2 2 2 2 2 3 

8 24 27 2 2 6 3 3 4 

9 25 27 2 2 7 6 3 5 

10 26 27 2 2 9 8 3 5 

11 26 28 2 2 12 9 5 8 

12 26 28 2 2 12 13 8 10 

13 27 29 2 2 14 15 9 11 

14 30 30 2 2 15 17 10 15 

15 31 30 2 2 18 21 12 18 

16 34 32 2 2 19 21 14 18 

17 34 32 2 2 20 22 14 22 

10.8% 10.2% 0.8% 0.8% 6.3% 7.0% 5.7% 8.9% 
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Figure 4.3 

Age-related and secular probability distributions of JSSCD and clinic participants that leave the clinic 

because of death or migration between January 01, 1973 and December 31, 1999 
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Examining the effect of default on subsequent death among JSSCD participants, the excess 

early-life mortality among cohort females suggests a non-proportional risk of death across 

gender. Proportional-hazards is formally rejected (testing tha t the log-hazard ratio is con-

stant over time, =6.6 p=0.01), and the Cox proportional-hazards model is therefore not 

appropriate. Alternative parametric survival models (with age at death as the outcome, per-

centage default as a covariate, and gender as a factor) are fitted and compared in Table 4.9. 

In all models, default is a highly significant predictor of subsequent death. The addition of a 

In (default) term improves model fit substantially, and proportional-odds models produces 

marginally lower AIC values than proportional-hazards models. We opt for a two-knot PO 

cubic-spline model (AIC=454.4). Compared to our chosen model, the Weibull PH model 

(AIC=471.1) and the log-logistic PO model (AIC=466.7) are substantially worse. 
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Table 4.9. 

Akaike's Information Criterion for competing parametric survival models 

Model Sex -|- Default Sex -t- Default -|- In(Default) 

Proportional Proportional Proportional Proportional 

Hazard Odds Hazard Odds 

Spline 0 knots 497.9 (1) 494.3 (2) 471.1 (1) 466.7 (2) 

1 knot 459.7 456.4 

2 knots 4WL2 47&2 4&A4 454.4 

3 knots 481.7 45&0 456.4 

4 knots 483.6 4aL9 463.4 460.6 

(1) Weibull model with Proportional Hazards assumption 

(2) Log-logistic model with Proportional Odds assumption 

Comparing the Weibull hazard with the two-knot spline PH hazard (Figure 4.4a) only the 

spline model accounts for the increased early-life mortality among females and the subse-

quent fall to levels below that of males. We see the same pat tern in PO models (Figure 

4.4b), and note that PO models suggest first a slightly higher, then a slightly lower hazard 

than PH models (Figure 4.4c). 

Predicted time until dropout is presented graphically in Figure 4.5 for five levels of patient 

default (10%, 25%, 50%, 75%, and 90%) and is tabulated in Table 4.10. Predicted deaths are 

directly related to the prior level of clinic default. The relationship is strongest in the first 5-

years of life; maintaining clinic attendance in early-life is paramount. 

Table 4.10. 

Predicted percentage of deaths among JSSCD participants with homozygous sickle-cell disease by age, 

gender, and level of default, using a spline proportional-odds model. 

Level of 

default (%) 

Men 

Age 

(in years) 

10 18 

10 0.2 1.1 5.8 9.3 

25 0.5 2.2 10.7 16.5 

50 1.2 5.7 24.8 35.2 

75 3.2 1&8 46.6 59.0 

90 5.7 2&3 60.9 72.0 

Women 

10 0.8 2.6 8.2 10.8 

25 1.6 5.0 14.8 18.9 

50 4.3 12.6 322 39 

75 10.7 2^6 5&8 6Z9 

90 17.6 40.5 6&2 75.2 
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Figure 4.4 

Hazard of dropout due to death in homozygous sickle-cell disease 

using alternative parametric survival models 
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4-8.2 Describing intermittent default 

Throughout this description of intermittent default, all-default, with default calculated using 

the nearest measurement regime is considered the primary result of interest. Default and 

completeness indices are presented in Table 4.11 for all-default, and for the four alternative 

default regimes {annual-default, steady-state default, all-haematology default, and steady-state 

haematology default, which are defined in Section 4.5.2) using the nearest measurement 

method. All-default is around 20% for JSSCD members and is roughly double for clinic 

members. Using the less stringent annual-default criterion, default is less than 3% in the 

JSSCD and is almost 40% among clinic members. Annual-default has been used regularly in 

descriptions of the JSSCD. Steady-state default is much higher (52% in the JSSCD, and 60% 

in the clinic). For many of these steady-state appointments patients do turn up to clinic, but 

have clinical symptoms that define the visit as 'sick' rather than 'steady-state'. JSSCD 

members default less than 5% from pre-defined haematology collection times and again, 

clinic default is substantially higher, at over 60%. This low JSSCD haematology default re-

flects the importance given to regular haematology collection in the cohort follow-up. 

Table 4.11. 

The default index and completeness index among JSSCD members and clinic members for the period 

from January 01 1973 to December 31, 1999, using nearest visit shift default. 

JSSCD Clinic 

Default index (D) 

All default 21.9 (20.1 - 24.0) 39.3 (38.4 - 40.2) 

Annual default 2.7 (1.6 - 4.4) 39.3 (38.3 - 40.1) 

Steady-state default 51.9 (50.1 - 53.8) 59.5 (58.7 - 60.3) 

All haematology default 4.3 (2.9 - 6.0) 61.0 (60.2 - 61.9) 

Steady-state haematology default 19.8 (17.8 - 22.0) 76.0 (75.4 - 76.8) 

Completeness index (C) 

All default 78.1 (76.0 - 80.1) 60.7 (59.8 - 61.6) 

Annual default 97.3 (95.6 - 98.4) 60.7 (59.8 - 61.6) 

Steady-state default 48.1 (46.4- 50.0) 40.5 (39.7 - 41.4) 

All haematology default 95.7 (94.0 - 97.0) 39.0 (38.1 - 39.7) 

Steady-state haematology default 80.2 (78.2 - 82.2) 24.0 (23.3 - 24.7) 

Default from steady-state haematology is around 20% in the JSSCD and is 76% in the clinic, 

and this increase over general haematology collection again reflects the presentation of par-

ticipants with clinical symptoms. Completeness graphs are presented for all-default (Figure 

4.6 a and b), annual default (Figure 4.6 c and d), and steady-state haematology default 

(Figure 4.6 e and f). The solid diagonal line represents zero-default. The obvious visual con-

trast between the JSSCD and clinic populations are well summarised by our cross-sectional 

indices. 



Chapter Four Patient non-response 4.24 

Figure 4.6 

Completeness graphs for JSSCD members (a, c and e) and clinic members (b, d and f) for the period 

between January 01 1973 and December 31, 1999, using nearest default measurement. 
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An anecdotal comparison of the five default measurement methods has been presented using 

a partial appointment and visit schedule for a single male patient (Table 4.5). These five de-

fault measurement methods are now compared using all-default and steady-state haematology 

default for all JSSCD homozygous sickle-cell disease patients (Figure 4.7). The measurement 

regimes produce similar default trends over time; only the levels of default vary. For all-

default, soft results in average default of 31.7%, forward in default of 20.1%, backward in de-

fault of 31.7%, nearest in default of 21.9%, and appointment in default of 30.5%. For steady-

state haematology visit default, the equivalent figures are: soft 29.3%, forward 16.2%. back-

ward 29.3%, nearest 19.8%, and appointment 27.6%. The methods therefore stratify into two 



Chapter Four Patient non-response 4.25 

groups based on level of default: soft, backward, and appointment (the high default meth-

ods), and forward, and nearest (the low default methods). Actual practice in quantifying de-

fault is likely to be a mixture of the nearest and appointment measurement regimes, and for 

the subsequent longitudinal comparisons of JSSCD and clinic default rates, we use these two 

measurement regimes as boundaries of the likely default rates. 

Figure 4.7 

Comparing relative levels of default using five default regimes among JSSCD homozygous sickle-cell 

disease participants. 
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Default among JSSCD and among clinic members are compared graphically in Figure 4.8, 

Figure 4.9, and Figure 4.10, and are presented in 3-year age bands in Table 4.12. For all-

default, JSSCD levels are initially around 20% (age 0-2 years: 17.6% to 23.9%), remain stable 

until puberty, and then climb gently to levels in excess of 30% (age 24-26 years: 33.5% to 

44.5%). In contrast, the clinic levels climb rapidly to over 40% in childhood (age 9-11 years: 

39.9% to 45.6%) and are over 50% by early adulthood (Figure 4.8). For annual-default, 

JSSCD levels are consistently below 5% until adulthood, when they climb to around 10%. 

Clinic levels are substantially higher, climbing from 30% in early childhood to over 50% in 

adulthood (Figure 4.9a). Patients can be unwell at a pre-specified appointment, and this is 

reflected in similar steady-state default levels in the JSSCD and the clinic, rising from 

around 50% in early childhood to over 80% in early adulthood (Figure 4.9b). The active fol-

low-up in the JSSCD produces a marked age-related trend in this group, with default drop-

ping in adolescence, which is a time with fewer clinical symptoms. For haematology-default, 

JSSCD levels are below 10% during childhood and adolescence and rise towards 30% in early 

adulthood. Clinic levels are once again substantially higher, reaching levels in excess of 70% 

after the few years of life (Figure 4.9c). 
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Figure 4.8 

Comparing all-visit default among JSSCD and clinic homozygous sickle cell disease participants using 

nearest and appointment regimes. 
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Steady-state haematology default in the JSSCD follows the pa t t e rn of steady-state default, 

with increased default in childhood and again in early adulthood. 

There are no important time-related default trends. All-default in the JSSCD is essentially 

constant at around 20% between 1973 and 1999. All-default in the clinic is raised during the 

period of JSSCD recruitment (1973 to 1981) and settles to around 50% thereafter (Figure 

4.10). This is typical of all time-related default, and further graphs are not presented. 
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Figure 4.9 

Comparing default between JSSCD and Clinic participants 
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Figure 4.10 

Comparing all-visit default among JSSCD and clinic homozygous sickle cell disease participants using 

nearest and appointment regimes. 
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Table 4.12. 

Age-related default among JSSCD members and clinic members using five default regimes 

(lower limit is nearest-shift measurement, upper limit is appointment-shift measurement). 

Age 

JSSCD Clinic 

all 
default 

annual 
default 

steady-state 
default 

haematology 
default 

steady-state 
haematology 

default 

all 
default 

annual 
default 

steady-state 
default 

haematology 
default 

steady-state 
haematology 

default 

0-2 (17.6 - 23.9) (2.2 - 3.9) ^ 8 . 9 - 52.8) (2.7 - 4.2) ( 7 a - 13.8) (26.3 - 33.2) (26.3 - 33.2) ^W.7- 4&4) 41.0) (56.9 - &L8) 

3-5 (19.1 - 27.5) (4.1 - 5.6) (5&5- 63.9) (4.5- 6.8) (22.2 - 31.7) (25.0 - 30.9) (24.9 - 30.9) 4&4) (45.7 - 55.7) (65.9 - 71.1) 

6-8 (18.9 - 28.0) (2.9 - 4.8) (53.2 - 59.4) (4.0- 8.0) (29.7 - 38.3) (33.7 - 39.8) 39.8) (52.3 - 57.3) (56.4 - 63.4) (72.6 - 76.2) 

9-11 (18.9 - 28.4) (2 .9- 3.9) (4&8- 51.7) (4.0- 7.0) (17.9 - 27.2) (39.9 - 45.6) (39.9 - 45.6) (56.1 - 60.6) 68.7) (74.9 - 77.8) 

12-14 (17.9 - 27^) (3 .3- 3.7) 48.4) (4.5- &2) (15.4 - 22.6) (41.0 - 46.6) (41.0 - 46.6) (56.2 - 60.6) (64.2 - 69.3) (74.4 - 77.4) 

15-17 (21.3 - 31.5) (3.7- 4.0) ( 4 L 8 - 52.7) (6.5 - 11.2) (22.6 - 29.1) (41.5 - 46.6) (41.5 - 4&6) (56.2 - 60.3) (64.1 - 68.7) (72.6 - 75.3) 

18-20 (24.1 - 33.1) (3.1 - 5.5) (57.2 - 64.8) (6.4- 16.1) (29.7 - 42.2) (41.2 - 46.0) (41.3 - 46.0) (61.2 - 64.3) (62.7 - 67.2) (74.8 - 76.7) 

21-23 (27.7 - 35.7) (2.6- 7.1) (63.9 - 71.3) (9.1 - 20.5) (45.7 - 58.8) (42.2 - 47.4) (42.1 - 47.4) (66.3 - 69.8) (63.3 - 6&1) (77.8 - 7&8) 

24-26 • 44.5) (7.3- 12.4) (6&0- 77.9) (15.8 - 35.5) (43.0 - 69.0) (51.5 - 57.0) (51.5- 57.0) (74.6 - 7&7) (70.0 - 75.0) ^W.4- 8 7 j ) 
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Deacnbmg (Ae non-reaponae mecAomism 

ffaematofogy 

The baseline model without conditioning on the non-response pattern assumes that non-

response is MCAR. For haematology, this baseline model (model one - equation 4.2) is, 

(Hb or HbF).̂ . = /g + Xi spline. + age .̂ + log(age.^.) (4.2) 

Where age is the j th year of age for the ith SS patient ( j=l ,2, . . . ,17), spline=l if age is less 

than 2 years, and = 1 if the Ah SS patient is female and = 0 otherwise. The mar-

ginal results confirm the well-known and rapid early-life decrease in total and fetal haemo-

globin, with total haemoglobin levels decreasing faster and levelling off earlier than percent-

age fetal haemoglobin levels. Next, a pattern-mixture model (model two - equation 4.3) pro-

vides conditional haematology levels given the three non-response patterns without interac-

tion between baseline covariates and the non-response parameters, 

// (Hb or HbF)^. = (baseline model)jj + default^ + ySg death^ + migrate^ + 

d e f a u l t ^ X d e a t h ^ + ,6^ d e f a u l t ^ x m i g r a t e ^ ^ ^ 

where = 1 if the %th SS patient died at any time, = 1 if the Ah SS patient 

migrated at any time, and default^ - lif the ith SS patient defaulted temporarily at any 

time. All tests of MCAR are presented in Table 4.13. Using Hb, model estimates indicated 

that levels were increased among defaulters and among dropouts due to death. Levels among 

migrators were equivalent to non-migrators. For HbF, defaulters, deaths, and migrators were 

equivalent to non-defaulters, survivors, and non-migrators respectively (Table 4.13). Overall, 

the MCAR assumption is strongly rejected for Hb, and is not rejected for HbF 

(Hq : = ••• = = 0 : Hb, = 16.39, P = 0.006 HbF, = 3.72, P = 0.29). 



Table 4.13. 

Tests of the MCAR assumption for total haemoglobin, fetal haemoglobin, and pain-crisis 

using three different methods of non-response (default, and dropout due to either death or migration). 

Non-response 

mechanism 

Model Two Model Three 

Null hypothesis P-value Null hypothesis P-value 

Hb 

Default H q A = A = 0 12.54 0.006 Ho Pi = PA ~ P5 ^ PQ ~ P7 Ps ^ 0 0.001 

Death H q A = 0 8.70 0.013 Ho Pi = Pa Pg^ PiQ = Ai ^ ^ 33.03 0.001 

Migration H q ^3 = ^5 = 0 0.49 0.78 Ho Pz = /?12 = Pi3 = ^14 = 0 2.74 0.60 

HbF 

Default Ho Pi = ^5 = 0 1.44 0.23 Ho Pi = PA ^ P ^ ^ P e ^ Pr P s ^ 0 16.37 0.003 

Death Ho h = PA = 0 1.67 0.20 Ho P2 = Pa - Pq= Pio =^11=0 14.25 0.007 

Migration Ho ^3 = A = 0 0.56 0.46 Ho P3 = A = A2 ^ A3 = ^14 ^ ^ 5.21 0.27 

Pain crisis 

Default HQ h = PA = = 0 1.50 OjW Ho ••Pi = ^4 ~ P5 ~ Pe ~ P7 ~ Ps ~ 0 10.28 0.17 

Death Ho h = P/^ = 0 13.24 0.013 Ho • P2 = ^4 ^ Pd^ Pio = Ai ^ ® 175.6 0.001 

Migration HQ h = ^5 = 0 5.54 0.063 Hq • P3 = ^5 " P12 ^ Pi3 ^ PIA"^ 2L76 0.013 
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A more complicated pattern-mixture model includes all terms from models one and two, and 

additionally includes two-way interactions between non-response indicators and baseline co-

variates (model three - equation 4.4), 

// (Hb or HbF) - = (baseline model) - + (model two)^. + 

& default xlog(age .) + & default xsex. + default, x spline. + 
0 » ( t o t % 

/9g death .̂ xlog(age^^.) + death, x sex^ + death^ xspline^ + 

,6̂ 2 migrate^ xlog(age^.) + migrate^ xsex^ + ,9̂ ^ migrate^ x spline. 

(4.4) 

Model three allows a more realistic situation with the three non-response mechanisms vary-

ing independently with age and gender. Using Hb, model estimates indicated that levels re-

mained increased among defaulters. Levels among deaths were initially higher and then 

lower than survivors. Levels among migrators remained equivalent to non-migrators. Using 

HbF, defaulters had higher levels than non-defaulters, dropouts due to death had lower lev-

els, and levels among migrators remained equivalent. Overall, the MCAR assumption is 

strongly rejected for both Hb and HbF (Hg : = 0 ; Hb, ^ = 9L10, P < 0.001 

HbF, 37.10, f < 0.001). 

Pom crzsza ra(e 

For the pain crisis clinical outcome the baseline model assuming MCAR is, 

log (pain rate) = Xq + sex + age + age^ (4.5) 

The pain crisis rate is initially low, climbs to a plateau that persists between 5 and 13 years, 

and then shows signs of further increase towards early adulthood. As with the models for Hb 

and HbF, models two and three for pain add non-response indicators, and 2-way interactions 

of these indicators with baseline covariates respectively, so for model three (equation 4.6), 

log(pain rate) = Xg + sex + age + age^ + 8̂̂  default^ + death^ + migrate^ + 

default^ X death^ + default^ x migrate^ + 

yG'g default^ x age î̂  + default^ x sex^ + (4.6) 

/8'g death^ x age^ij + yG'g death^ x sex^ + 

migrate^ x age^*; + migrate^ x sex^ 

Using either model two or three, rates of the pain-crisis were equivalent among defaulters 

and non-defaulters. Rates were increased in deaths and migrators (Table 4.13). Overall, the 

MCAR assumption is strongly rejected for the pain-crisis using either model two or model 

three (Model two, - ' " = = 0, = 16.39, P = 0.006 Model three, 

HQ:yg^= ... = ;0^^=O, y = 193.11, f < 0.001). 
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Table 4.14. 

Marginal estimates of two haematological indices and a single clinical outcome 

under four different assumptions about non-response. 

1 year 2-5 yrs 6-9 yrs 10-13 yrs 14-17 yrs 

Rate S.E. Rate S.E. Rate S.E. Rate S.E. Rate S.E. 

HbF. Model 1 

Ignore non-response 2&36 0.031 11.64 0.093 7.10 &028 5.76 0.023 5 J 3 0.022 

HbF. Model 2 

Default 21.44 0.117 1&87 0.338 8.23 0.110 6.86 0.093 6 ^ 9 0.082 

Death 19.41 0.067 10.85 0.277 GU8 0.102 4.76 0.103 4.17 0.127 

Migration 20.01 0.103 11.30 0.235 &082 5.51 0.096 4 ^ ^ 0.204 

HbF. Model 3 

Default 0.182 13.19 0.423 8.23 0.091 6.91 0.058 0.044 

Death 17.47 0.120 11.29 0.277 6.64 0.138 5.24 0.153 4 j # 0.224 

Migration 20.77 0.273 11.27 0.278 6 J 2 0.172 0.218 4.17 0.435 

Hb. Model 1 

Ignores non-response 11.35 0.011 8.10 0.007 7^9 0.007 7.76 0.008 7.64 0.008 

Hb. Model 2 

Default 11.73 0.083 8.43 0.064 8 ^ 5 0.060 8 J 5 0.061 8.10 0.040 

Death 11.59 0.030 8jW 0.030 810 0.040 7 ^ 2 0.061 7.92 0.046 

Migration 11.28 0.052 8.01 0.022 7 ^ 6 0.030 7.75 0.044 7.66 

Hb. Model 3 

Default 13.03 0.031 &26 0.061 8.11 0.048 7.95 0.060 7.92 0.009 

Death 11.95 0.030 8.16 0.040 7 J 6 0.042 7.50 0.068 7.48 0.058 

Migration 10.96 0.090 8.10 0.029 7.91 0.031 7 J 8 0.043 7 ^ 8 0.092 

Pain Crisis. Model 1 

Ignore non-response 0.06 0.000 0.30 0.004 0.50 0.001 0.49 0.001 0.58 0.003 

Pain Crisis. Model 2 

Default 0.05 0.003 &28 0.023 0.47 0.019 0.47 0.017 0.55 0.016 

Death 0.08 0.002 0.43 0.019 0.77 0.007 0.77 0.008 0 j # 0.031 

Migration 0.07 0.002 0.35 0.014 0.60 0.009 0.58 0.013 0.60 0.041 

Pain Crisis. Model 3 

Default 0.01 0.001 0.20 0.025 OjW 0.015 0.39 0.015 0.62 0.032 

Death 0.01 0.001 0.37 0.026 0.40 0.025 0.35 0.026 2.05 0.771 

Migration 0.03 0.001 0.43 0.019 0.57 0.009 0.42 0.008 0 ^ # 0.046 
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4.9 Discussion 

Non-response is a pervasive feature in much observational and experimental medical re-

search. The general advice to keep non-response to an absolute minimum is well known, with 

longitudinal studies (such as cohort and randomised trial designs) incorporating methods for 

retaining and tracking patients into their study protocols. 

Descriptions of non-response remain sparse; most studies offer little more than the number of 

study members dropping out before a study ends. Those descriptions that do exist come 

from cohort and randomised controlled trial study designs, which are inherently longitudinal. 

The issue is also important in cross-sectional studies, where many potential study members 

dropout (they may die or migrate for example) before a cross-sectional study is initiated. 

This aspect is rarely considered. 

It is now understood that non-response can be ignored if it is unrelated to the outcomes be-

ing studied. Analyses that assume complete information (which include most of the basic 

methodology available in off-the-shelf statistical software) will then be appropriate and will 

not bias results. If the reasons for non-response are related to outcomes then 'complete-case' 

analyses will lead to biased conclusions, although the extent of the bias will depend on these 

reasons and on other factors such as the level of non-response, and the chosen analysis tech-

nique, and will vary from study to study. Models to cope with such non-ignorable non-

response are a recent and ongoing development in the statistical literature. Modelling solu-

tions have been grouped into two models types: selection and pattern-mixture models, and 

sensitivity analyses are needed to better understand the consequences of choosing one tech-

nique over another. More generally, an increased awareness in the research community of the 

potential biases stemming from non-response has been called for, along with sensitivity 

analyses to assess the effect of non-response on inferences about target parameters of interest 

(34). 

The distinction is made here between dropout (which is due to due deaths and migration in 

our study), which is an integral feature of the process under study, and temporary default, 

which is generally avoidable. Both aspects of non-response can bias research conclusions if 

ignored during analyses. It is important to understand the non-response process; to success-

fully adjust for non-response we need an understanding of why dropout or default occurred. 

There are a lot of deaths in the JSSCD, and this is an inevitable consequence of studying a 

life-threatening medical condition for a long period of time. Migration is also relatively high; 

migration is primarily to North America and is a Caribbean-wide phenomenon. Various 

measures are available for us to gauge the level of default in the JSSCD. Cumulative levels 

range from 3% (annual default) to 52% (steady-state default) and the choice of an appropri-

ate measure depends entirely on the research question and study design. Whilst an annual 

default of 3% is impressive for a 27-year cohort study, when studying disease aetiology using 
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steady-state haamatological measurements for example, default from providing steady-state 

haematology is a more appropriate measure (which is 20%). The method of quantising de-

fault is another variable feature of measurement, and the current presentation opts for a 

'window' of percentage default baaed on two pragmatic methods: nearest default and ap-

pointment default. Clinic practice is likely to be a combination of these two methods. 

We show that default is a strong predictor of subsequent death. Reasons for this are specular 

tive. Defaulters may include patients with an increased underlying level of disease 'severity'. 

Alternatively, a poorer mortality experience may be directly related to defaulting from the 

prophylactic care offered by a comprehensive sickle-cell disease clinic. 

The mechanism underlying non-response will vary from study to study. Using three impor-

tant contributors to sickle-cell disease epidemiology (Hb, Hbf, and the painful crisis), we 

have shown the non-response process to be strongly non-ignorable. Levels of total and fetal 

haemoglobin are both affected by default and death. Dropout due to emigration has no ef-

fect. Rates of the pain crisis are affected by deaths and migrators, and not by default. 
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Book Two 

Haematology 



The haematological indices 

Since its initial description in the US, sickle-ceU diseaae has been recognised as a disorder of 

red blood ceDs (1). Diggs and Ching Srst linked polymerisation, vasoocclusion, and the clini-

cal manifestations of the disease, which emphasised the role of irreversibly sickled cells 

(ISCs) (2). Although these ISCs are the trademark image of the disease, we now know that 

more normal-looking, reversibly sickled-cells are critical in initiating and maintaining vasooc-

clusion. This knowledge haa lead researchers to consider a range of blood-cell measurements 

ag risk factor markers for chnical events. We consider the following ten measurements in our 

investigations of the JSSCD. 

The amount of haemoglobin in a volume of blood (measured in g/dl). The haemoglobin con-

centration reflects the balance between haemolysis and erythropoiesis, and is often consid-

ered the primary haematological measure of interest. People with SS disease have chronically 

lowered levels of Hb. High and low values, relative to a persons normal range (which is anec-

dotally known ag their steady state range) appear to be risk factors for a range of chnical 

events. High values may promote avascular necrosis, painful crises, and proliferative sickle 

retinopathy. Low values are indicative of acute events such as acute splenic sequestration, 

and the aplastic crisis, and may impair exercise tolerance and cause congestive heart failure 

in older people. Normal ranges are between 13 and 18 g/dl in men and between 12 and 16 

g/dl in women. 

The number of red blood cells in a volume of blood (measured in 10'^ per litre). The anaemia 

of SS disease is also seen as a reduction in circulating red cells, and so the rbc changes follow 

those in Hb. Normal ranges are generally between 4.2 and 5.9x10^^ cells per litre in men and 

women. 

f ocAed ceZf wZ'ume 

Otherwise known as the haematocrit, the pew is the ratio of the volume of red cells to the 

volume of whole blood (measured as a percentage). Usually, pc?; changes follow those in fTb. 

The per values are less reliable because of the abnormal properties of sickled-ceUs; even when 

oxygenated, sickled-cells are stiff and do not pack normally during centrifugation (3). Nor-

mal ranges are generally between 45 and 52% for men and between 37 and 48% for women. 

This calculated red blood cell index is the average volume of a red cell, obtained by dividing 

the haematocrit by the red blood cell count. It is measured in femtolitres (fl). Children with 

sickle-ceD disease generally macrocytic (increased mci;) (4). Normal ranges are generally be-

tween 86 and 98 femtoliters in men and women. 



This calculated red blood cell index is the average amount of haemoglobin in the average red 

cell, obtained by dividing total haemoglobin by the red blood cell count. It is measured in 

picograms (pg).Children with sickle-cell disease are generally hypochromic (decreased mcA) 

(4). Normal ranges are generally between 27 and 32 picograms in men and women. 

MeoM coypugctf/or 

This calculated red blood cell index is the average concentration of haemoglobin in a given 

volume of red cells, obtained by dividing total haemoglobin by the haematocrit. It is meas-

ured as a percentage. Children with sickle-cell disease are generally hypochromic (decreased 

mc/ic) (4). Normal ranges are generally between 32 and 36% in men and women. 

The number of nucleated blood cells in a volume of blood (measured in 10® per litre), which 

approximates the number of white blood cells (or leukocytes). Leukocytes are the body's 

primary means of fighting infection. There are five types of white cells, each with different 

functions; neutrophils, lymphocytes, monocytes, eosinophils, and basophils, and a differential 

count (not available) is required to discriminate between these forms. Our simple count will 

identi^ leukocytosis (a high leukocyte count) or leukocytopenia (a low leukocyte count). 

Normal ranges are generally between 4.3 and 10.8x10^ cells per litre. 

The number of immature red blood cells in a volume of blood (measured as a percentage). A 

reticulocyte count provides information about the rate at which the bone marrow is produc-

ing red cells. Reticulocytes continue to synthesize haemoglobin for a day after release into 

the bloodstream. A person under hematopoietic stress may contain stress reticulocytes, re-

leased prematurely from the bone marrow. Children with sickle-cell disease generally have an 

increased reticulocyte count (reticulocytosis) (4). Normal ranges are generally between 0.5 

and 2.5%. 

Platelet count (plat) 

The number of platelets (or thrombocytes) in a volume of blood (measured in 10^ per cubic 

mm). Platelets, the smallest of the cellular elements of blood, are involved in blood clotting. 

Because they can clump together, the automated counting method is subject to a certain 

level of error and may not be accurate enough for low platelet counts. Children with sickle-

ceU disease generally have an increased platelet count (thrombocytosis) (4). Normal ranges 

are generally between 150 and 400x 10^/mm^). 

Fetal haemoglobin (HhF) 

The amount of fetal haemoglobin (haemoglobin F) in a volume of blood (measured as a per-

centage). HhF is the major haemoglobin component in the bloodstream of the fetus. At 



birth, the newborn's blood is comprised of between 60% and 90% fetal haemoglobin. This 

fetal haemoglobin then rapidly decreases to 2% or less after the second to fourth years. By 

adulthood, only traces (0.5% or less) are found in the bloodstream. Elevated levels persist to 

varying degrees in people with sickle-cell disease. Red cells with high levels of (F-cells) 

appear to have increased red-cell life-span, and improved morphology. 
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Chapter 5 

Childhood haematology 

Background 

The JSSCD has reported previously on selected haematological indices between birth and six years of 

age. We now extend these descriptions through childhood and adolescence to 18 years of age. 

Methods 

We graphed the observed mean profile of ten haematological indices for SS and AA genotype partici-

pants of the JSSCD. We modelled these profiles using longitudinal models to incorporate correlation 

within individual participants, fractional polynomials and cubic splines to incorporate non-linear 

changes in haematology with age, and pattern-mixture models to assess the effect of participant non-

response. 

Findings 

We present observed and predicted profiles graphically for each haematological index. We noted im-

portant gender differences for total haemoglobin (hb), haematocrit (pcv), and mean cell volume 

(mcv): hb was 0.3g/dl lower in boys, pcv was 0.9% lower and mcv was 1.6fl lower. Among surviving 

defaulters hb levels were 0.4g/dl higher, and pcv levels were 1.3% higher than surviving participants 

that had not defaulted. Among defaulters that had subsequently died, reticulocyte count was 4.5% 

higher. 

Interpretation 

These childhood and adolescent profiles represent the first longitudinal description of haematological 

change to adulthood. Further work will translate these descriptions to clinically useful reference inter-

vals. A rapid decline in Hb associated with reticulocytosis indicated haemolysis at an early age in SS 

disease, and prior to the onset of clinical symptoms in analysable numbers, which suggests an avenue 

for exploring early-life indicators of later health-status. Our results also suggest that chnic default 

could serve as an early-warning system for adverse clinical outcome. 
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5.1 Introduction 

Clinical complications of homozygous sickle-cell disease rarely occur before six-months of 

age (1;2), and the only report using early-life predictors to classify individuals into one 

of two disease states (described as 'severe' or 'mild' clinical-outcome) required follow-up un-

til two years of age (3). Haematological abnormalities are apparent in the sickle-cell patient 

as early as the neonatal period (4) and may provide the earliest indication of the clinical-

course that is to follow. 

As a haematological disease, summaries of blood cell structure and activity have been a 

natural focus for research. Much early work developed the pathophysiology of the disease, 

and described the range of clinical complications as case-studies or as small cross-sectional 

epidemiological investigations (e.g. 5-9). More recently, haematological indices have been 

regularly included as potential risk factors for clinical complications (10-16) and see Chap-

ters Seven and Eight. Most of these observational risk-factor studies are cross-sectional, and 

are possibly confounded by the profound effect of age on all aspects of the disease. Cross-

sectional assessment of haematology is further complicated by factors such as the influence 

of acute or chronic complications, the biases inherent in clinic-based populations (see Chap-

ters Three and Four), and the difficulties of comparing results f rom different laboratories. 

Organised longitudinal follow-up of sickle-cell disease patients began in the 1970s and pro-

vided the first descriptions of haematological development with age. Early-life haematologi-

cal change has been described in two disease cohorts: one from birth (17) and another from a 

maximum of six-months of age (18). The Jamaican birth cohort (The Jamaican Study of 

Sickle-Cell Disease or JSSCD) also recruited AA genotype controls, and so provided the only 

comparison of haematological development between people with and without the disease. 

The JSSCD has reported previously on levels of selected haematological indices between 

birth and six-years of age in SS patients relative to normal controls (4). They reported sig-

nificantly lower levels of total haemoglobin from two weeks of age, and of red cell counts 

from one month, and significantly higher levels of mean cell haemoglobin concentration from 

4 months, and mean cell volume from 8 months. Other major genotypes of sickle-cell disease 

(SC disease and the beta-thalassaemias) also show marked haematological differences from 

normal AA controls (19) and between themselves (20). 

In this chapter, we provide the first longitudinal description of haematology from birth 

through childhood and adolescence. We develop longitudinal models for haematology that 

account for two features for the first time: the non-linear association of all haematological 

indices with age, and the possible biases introduced by cohort members that temporarily de-

fault or permanently dropout from haematology measurements. 

Methods are described in section 5.2, descriptive and modelled results are presented in sec-

tion 5.3, and these results are discussed in section 5.4. 
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5.2 Methods 

We describe haematologicai parameters for homozygous sickle-cell (SS) disease and for nor-

mal genotype (AA) controls that participated in the JSSCD between birth and 18 years of 

age. We are interested in the average proHle of each haematological index in each genotype 

group, and in haematological differences between defaulters, deaths, and those participants 

that remain in the study. 

We describe ten parameters: total haemoglobin (Hb), red blood ceh count (rbc), haematocrit 

or packed cell volume (pcv), mean cell volume (mcv), mean cell haemoglobin (mch), mean 

cell haemoglobin concentration (mchc), nucleated blood cell count (nbc), reticulocyte count 

(retics), platelet count (plate), and fetal haemoglobin (HbF) W e have considered the clinical 

importance of each parameter in our introduction to Book Two. We have presented the 

measurement technique and measurement frequency for each parameter in Chapter Two, 

section 2.2.3(d). 

We graph the observed mean profile for each parameter between birth and 18 years of age 

for SS and AA participants. We describe the variation about these group means using verti-

cal bars signifying + / - one standard deviation. In the following sections we describe several 

important features of the data and the analysis techniques we have used to account for these 

features. We then describe our modelhng strategy. 

J.&.J TAere ore many on eocA 

With many measurements on each participant, we should expect correlation between differ-

ent measurements on the same individual. To account for this feature, we developed our re-

gression models using generalised estimating equations (or GEEs). These models (also known 

as marginal or population-averaged longitudinal models) are an extension of generalised lin-

ear models (21) and are used to estimate relationships in repeated measures data when 

within-subject correlation exists but is of secondary interest. The technique accounts for the 

correlation within an individual when generating regression coefficients and standard errors. 

Becaused predictions at each time point (or margin) are unconnected, the technique creates 

a predicted profile that may not summarise any individual (22). This important limitation 

should discourage the use of GEE modelhng in causal experimental settings (23). However, 

in descriptive observational studies such as this the technique remains appropriate as the 

emphasis is on providing a group average and not a profile for a typical participant. 

T/iere are non-Zmeor cAanpea m Aoema(oZog!/ oge 

The non-linear association of haematology with age (especially in the early years of life) is 

well known (24). Among sickle-cell disease risk factor studies that consider haematology, 

several methods to cope with this non-Unearity are dominant. Early-life haematology is 

commonly excluded to simplify subsequent analyses (10). This loss of information reduces 

efficiency, and more importantly, the functional form of the resulting regression is almost 
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certainly incorrect. A linear relationship is often assumed, and this misspecification may lead 

to incorrectly included or excluded terms during subsequent model building. Grouping hae-

matology into age bands is also popular (e.g. 25;26). Incorporating these 'cutpoints' into a 

model is an unrealistic way of modelling a smooth relationship, and introduces problems of 

defining arbitrary limits, overparameterisation, and loss of efficiency (27). In our modelling 

we keep each parameter continuous and model the non-linear association with age using two 

competing solutions: fractional polynomials and regression splines. 

(a) Fractional polynomials 

A polynomial is a simple way to introduce non-linearity, but the range of curve shapes of-

fered by low-order polynomials is limited, and higher-order polynomials often predict clini-

cally unrealistic trends. Fractional polynomials (28) allow terms of the form X^, with the ex-

ponent, p, chosen from a pre-selected set of low-order integer and non-integer values. We use 

an iterative procedure for choosing optimal exponents (29). 

(b) Regression splines 

A regression spline is a smoothly joined piecewise polynomial for modelhng non-linear rela-

tionships. The curve is divided into intervals defined at points (or knots) and the number 

and spacing of these knots accommodate any non-linear relationship. In each interval the 

regression fit is a kth degree polynomial - we use cubic polynomials. 

.ffoemotoZog?/ may reapoMtfera oncf 

We have shown (in Chapter Four) that both default and death are likely to be 'non-

ignorable' when considering haematology or clinical events as outcomes. A simple average 

profile of haematology ignores these non-response processes and may present a biased de-

scription of haematological change. Models for incorporating a non-ignorable non-response 

process have been classified into two classes: selection models and mixture models (30). A 

selection model treats non-response as a nuisance and directly estimates the marginal distri-

bution of the outcome. For us, the separate outcome distributions of each non-response type 

(default and death) are of interest, and we use a mixture technique, known as pattern-

mixture modelling (31). Pattern-mixture modelling has recently been adapted for use with 

GEE modelling (32). 

We wanted to develop predictive models of haematological indices that were potentially ap-

plicable to similar populations in other settings. We were interested in models that required 

only basic predictive information: the age and gender of someone with sickle-cell disease. We 

fitted separate regression models for each of our ten haematological parameters and for SS 

and AA genotype participants, creating 20 final prediction models. 
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For each parameter/genotype combination we developed a model using the following strat-

egy. We fitted six models of increasing complexity (see Table 5.1). In models 1 and 2 we fit-

ted the baseline effects of age and gender; in model 1 we fit ted main effects, and in model 2 

we additionally included an agexgender interaction. In models 3 to 6 we investigated the 

additional effects of default, and death. We used a single indicator for default between birth 

and 18 years of age. We used a single indicator for death between birth and 18 years of age. 

Models were assessed using the quasi-likelihood information criterion (QIC), which has been 

recently developed as a penalised measure of model fit for use in GEE modelling (33). 

Using fractional polynomials or cubic splines, it is easy to create overcomplex and medically 

inconsistent models. To reduce this possibility, we restricted our fractional polynomials to 

degree 2 (which restricted the age term to two polynomial transformations), and before ex-

amining our data we pre-selected our spline knots based on our initial JSSCD data collection 

design, with increasing time intervals to ensure adequate modelling of early-life changes (we 

chose knots at 1 month, 3 months, 6 months, 1 year, 5 years, 10 years, and 15 years). 

Table 5.1. 

Competing models fitted t o l l haematological parameters among 

315 SS disease JSSCD participants and 246 AA controls. 

Models 
Terms Baseline Pa t t e rn Mixture Terms 

1 2 3 4 5 6 
Age • • • • • • 

Sex • • • • • • 

Age X Sex • • • • • 

Default • • # 

Death • • • 

Default X Death • 

5.3 Results 

5.3.1 Modelling haematology 

We present the QIC for all fitted models in Table 5.2. Among SS disease we always chose 

model 6, fitted using cubic splines, 

aqe + sex + aqe X sex + 
(5.1) 

default + death -t- default X death 

Using this model, we are able to stratify our SS participants into four groups based on non-

response pattern, and we present these groups in Table 5.3. 
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Table 5.2. 

Choosing preferred models using the Quasi-hkelihood Information Criterion (QIC) for competing 

models using fourteen haematological indices among SS JSSCD participants. 

Index Fractional Polynomial models Cubic Spline models 

1 2 3 4 5 6 1 2 3 4 5 6 

SS genotype 

H b 9804 9737 9616 9735 9616 9600 9648 9551 9423 9546 9423 9405 
rbc 1839 1828 1825 1831 1827 1829 1746 1747 1742 1748 1744 1745 
pcv 77637 76644 75589 76590 75550 75320 72110 72125 70993 72098 70989 70750 
m c v 43041 42351 42050 42366 42066 42074 37650 37601 37333 37668 37353 37353 
M c h 68137 66862 66511 66857 66512 66531 61060 60980 60688 61030 60666 60678 
mchc 29554 29531 28418 29476 29365 29331 29018 29016 28908 28944 28835 28799 
N b c 15510 15248 15207 15250 15209 15203 14655 14662 14616 14657 14619 I46II 
retics 12914 12857 12859 12837 12840 12797 12668 12664 12669 12645 12648 12607 
plat 79184 79158 79100 78941 78871 78818 78835 78811 78759 78612 78523 78468 
H b F 78985 78882 77356 78664 77170 76889 78820 78821 77317 78566 77100 76823 

bilirubin 19734 19612 19498 19610 19497 19493 19521 19520 19403 19520 19402 19401 
AA genotype 

H b 2717 2500 2490 - - - 2431 2358 - - -

R b c 328 323 326 - - - 326 326 329 - - -

Pcv 15812 14528 14409 - - - 15020 14540 14411 - - -

M c v 82474 81023 80359 - - - 74550 74097 73401 - - -

M c h 12826 12684 12594 - - - 11478 11422 11332 - - -

mchc 6099 6049 6043 - - - 6049 6043 6O42 - - -

N b c 10401 10304 10269 - - - 10290 10259 10222 - - -

retics 411 407 410 - - - 352 354 356 - - -

plat 103686 103667 103560 - - - 102814 102804 102742 - - -

H b F 538 539 581 - - - 550 552 544 - - -

bilirubin 25135 24884 24652 - - - 24026 24017 23706 - - -

Among AA controls death was negligible and models 4 to 6, which all included death, were 

not available. We chose model three, fitted using cubic splines in all indices except HbF, for 

which we used fractional polynomials. 

age + sex -t- age x sex + default (5.2) 

The method of cubic splines generally offered a better fit using our QIC statistic. We note, 

however, that in many cases the predicted curves using either cubic-splines or fractional-

polynomials were comparable, and the final choice may ultimately have little effect on pre-

dicted parameters. 

Table 5.3. 

Non-response groups used for comparison of haematology indices. 

Default Death Description 

1 Full attendance and is alive 
2 • Default and is alive 
3 • Full attendance and has died 
4 • • Default and has died 
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5.3.2 Total haemoglobin 

Haemoglobin concentration at birth was similar in SS and A A babies (20.2g/dl in SS babies, 

19.7g/dl in AA babies). Levels among SS infants fell rapidly in the first months of life, and 

by 3 months of age the average Hb in SS infants was 8.8g/dl, compared to ll .Og/dl in AA 

infants. Thereafter, changes were gradual (a gradual decrease among SS participants, and a 

gradual increase among AA participants). At 18 years of age SS participants had average 

levels of 7.8g/dl, compared to 12.7g/dl among AA controls (Figure 5.1a-c). Predicted hae-

moglobin concentration in SS boys remained lower than in girls throughout childhood (dif-

ference in Hb -0.27g/dl, 95% ci -0.47 to -0.08). 

Surviving participants that defaulted from the JSSCD for at least one year had a higher av-

erage haemoglobin concentration than those who had never defaulted (difference in Hb 

0.38g/dL, 95% ci 0.02 to 0.74). The picture was reversed in those that defaulted and who 

had subsequently died (difference in Hb -0.34g/dL, 95% ci -1.62 to 0.94) (Figure 5.Id). 

Figure 5.1 

Observed and predicted average profile of total haemoglobin (Hb) between birth and 18 years of age 

for 315 SS and 247 AA cohort members. 
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5.3.3 Red blood cells 

The red blood cell count at birth was similar in SS and AA babies (5.8x10^^ / l i tre in SS ba-

bies, 5.7x10^^ / l i tre in AA babies). Levels fell rapidly in the first months of life, and by 3 

months of age the average rbc in SS infants was 3.3x10^^ / l i t re in SS infants, and was 

4.0x10^^ / l i tre in AA infants. The count quickly recovered in A A infants to remain steady at 

between 4.5 and 5.0 x lO^ /li tre until 18 years of age. In SS participants levels recovered 

marginally to 3.6 xlO^ /l i tre by 1 year of age before declining once more to levels around 

2.7x10^^ / l i t re in adolescence (Figure 5.2a-c). Although predicted levels in SS boys remained 

marginally lower than in girls, this difference was not statistically important (difference in 

rbc -0.04x10^^ /litre, 95% ci -0.14 to 0.05). 

Non-response patterns were less pronounced than those for haemoglobin concentration. Sur-

viving participants that defaulted from the JSSCD for at least one year had a higher average 

rbc count than those who have never defaulted but this difference was not statistically im-

portant (difference in rbc 0.09x10^^ /litre, 95% ci -0.08 to 0.25) (Figure 5.2d). 

Figure 5.2 

Observed and predicted average profile of red blood cell count (RBC) between birth and 18 years of 

age for 315 SS and 247 AA cohort members. 
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5.3.4 Packed cell volume 

The haematocrit at birth was similar in SS and AA babies (59.9% in SS babies, 58.8% in AA 

babies), and the subsequent trend mirrored the age-related changes of haemoglobin concen-

tration. By 3 months of age the average pcv in SS infants was 26.7% in SS babies, and was 

32.0% in AA babies. The count recovered gently in AA part icipants to reach 38.1% by 18 

years of age. In SS participants levels continued to fall gently to reach levels between 22% 

and 23% in adolescence (Figure 5.3a-c). Predicted levels in SS boys remained lower than in 

girls (difference in pci; -0.9%, 95% ci -1.5 to -0.3). 

Non-response patterns were also similar to those for haemoglobin concentration. Surviving 

participants that defaulted from the JSSCD for at least one year had a higher average pcv 

count than those who have never defaulted (difference in pcv 1.3%, 95% ci 0.24 to 2.38). The 

picture was reversed in those that defaulted and who had subsequently died (difference in 

pcv -1.19%, 95% ci -4.93 to 2.55) (Figure 5.3d). 

Figure 5.3 

Observed and predicted average profile of packed cell volume (pcv) between birth and 18 years of age 

for 315 SS and 247 AA cohort members. 

0) 
E 

I s 
1 « 
Q. 

70-

60 

50-1 

40 

30 

204 

(a) Observed PCV (0 to 18 years) 

— SS mean 
— M mean 

- SS (+/-) one SD 
^ AA {+/-) one SD 

10 15 

60 

50 

40-

30 

20 

(c) Predicted pcv (0 to 18 years) 

• SS observed 
° AA observed 

' SS predicted 
• AA predicted 

10 15 

70 

60-

50-

40 

30-

20-

(b) Observed PCV (0 to 1 year) 

• SS mean 
AA mean 

• SS (+/-) one SD 
- AA (+/-) one SD 

\ H-

28 

26 

24-

2 2 -

20-

No default/dead Default/dead 
No default / alive Default / alive 

1 10 15 

Age (in years) 

f h 1 F i 

2m 4m 6m 8m 10m 1 yr 

(d) Predicted pcv (SS disease from 1 to 18 years) 



Chapter Five Childhood haematology 5.10 

5.3.5 Mean cell volume 

Mean corpuscular volume at birth was similar in SS and A A babies (103.4fl in SS babies, 

lOOfl in AA babies). Levels dropped to a nadir of 73.7fl by 10 months of age in SS infants, 

and then recovered to levels between 83fl and 85fl by 4 years of age. The initial drop was 

larger and lasted longer in AA infants, who reached a minimum value of 70.3fl at 15 months 

of age. The subsequent recovery was slower, with levels between 83fl and 855 not reached 

until 9 years of age (Figure 5.4a-c). Predicted mcv in SS boys remained lower than in girls 

throughout childhood (difference in mcv -1.63, 95% ci -2.9 to -0.2). 

Surviving participants that defaulted from the JSSCD for at least one year had a higher av-

erage mean corpuscular volume than those who had never defaulted, but the effect was not 

statistically important (difference in mcv 2.3fl, 95% ci -0.3 t o 4.8). The effect was reversed 

and was smaller in those tha t defaulted and who had subsequently died (difference in mcv -

1.4fl, 95% ci -10.2 to 7.4) (Figure 5.4d). 

Figure 5.4 

Observed and predicted average profile of mean cell volume (mcv) between birth and 18 years of age 

for 315 SS and 247 AA cohort members. 
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5.3.6 Mean cell haemoglobin 

The age-related trend in mean corpuscular haemoglobin was very similar to mcv. Values at 

birth were similar in SS and AA babies (35.4pg in SS babies, 35.0pg in AA babies). Levels 

reached a nadir of 23.8pg by 10 months of age in SS infants, and then recovered to between 

28.Gpg and 29.0pg by 5 years of age. The initial drop was larger and lasted longer in AA in-

fants, who reach a minimum value of 21.6pg at 15 months of age. Levels subsequently rose 

to 27.0g by 6 years of age, and then more slowly to 28.Og by 18 years of age (Figure 5.5a-c). 

Although the predicted mean cell volume in SS boys remained lower than in girls throughout 

childhood the difference was not statistically important (average difference in mch -0.5pg, 

95% ci -1.0 to 0.1). 

There was some suggestion of higher mch levels among surviving participants tha t defaulted 

from the JSSCD for at least one year (difference in mch 0.6pg, 95% ci -0.4 to 1.6) and lower 

levels among those that defaulted and who had subsequently died (difference in mch -0.2pg, 

95% ci -3 .8 to 3.3), but these effects were small and were not statistically important (Figure 

5.5d). 

Figure 5.5 

Observed and predicted average profile of mean cell haemoglobin (mch) between birth and 18 years of 

age for 315 SS and 247 AA cohort members. 
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5.3.7 Mean cell haemoglobin concentration 

Values at birth were similar in SS and AA babies (33.7% in SS babies, 32.9% in AA babies). 

Levels dropped to 32.0% by 15 months of age in SS infants, recovered to between 33.5% and 

35% by 4 years of age, and remained t these levels throughout childhood. As with the other 

red cell indices, the initial fall was more pronounced in AA infants , who reach a minimum 

value of 30.7% at 21 months of age. Levels subsequently rose t o around 33.0% by 4 years of 

age. In both genotypes there was a second minor dip in mchc in later adolescence (Figure 

5.6a-c). Generally, variation in our steady-state mchc measurements was large, and this fea-

ture contributed to the mixed, and statistically unimportant differences due to gender and 

non-response patterns (Figure 5.6d). 

Figure 5.6 

Observed and predicted average profile of mean cell haemoglobin concentration (mchc) between birth 

and 18 years of age for 315 SS and 247 AA cohort members. 
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5.3.8 Nucleated blood cells 

The nucleated blood cell count at birth was higher in SS babies (18.8x10® /l i tre in SS ba-

bies, 13.0x10® /litre in AA babies). Levels fell rapidly in t h e first months of life, and by 3 

months of age the average nbc in SS infants was 10.0x10® /l i t re in SS infants and was 

9.4x10® /l i t re in AA infants. In SS children the count increased in infancy to reach values in 

excess of 17x10® /litre between 2 and 4 years of age, before declining gently to values below 

13x10® /l i t re by 18 years of age. In AA children a minor post neonatal increase was brief, 

with values climbing above 10x10® /litre between 6 and 15 months , before decreasing gently 

to around 6x10® /l i tre by 18 years of age. There was no gender difference in the nucleated 

blood count (Figure 5.7a-c). 

Participants that defaulted for at least one year and who had subsequently died had higher 

average nbc levels than those who had never defaulted (difference in nbc 2.7x10® /litre, 95% 

ci -1 .9 to 7.3) (Figure 5.7d). A pattern was less clear among surviving participants that de-

faulted. 

Figure 5.7 

Observed and predicted average profile of nucleated blood count (nbc) between birth and 18 years of 

age for 315 SS and 247 AA cohort members. 
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5.3.9 Reticulocyte count 

Reticulocyte count at birth was similar in SS and AA babies (5.4% in SS babies, 5% in AA 

babies). Levels fell rapidly in the first weeks of life, and by 1 month of age the average re-

ticulocyte count in SS infants was 1.8%, compared to 1.1% in AA infants. Thereafter, SS 

levels rose rapidly to above 10% by 18 months, and to above 12% by 18 years. Levels in AA 

participants remained low with a suggestion of a minor but inconsistent increase between 7 

and 11 years of age (Figure 5.8a-c). There was no gender difference in reticulocyte count. 

Participants that defaulted for at least one year and who had subsequently died had mark-

edly higher average reticulocyte levels than those who had never defaulted (difference in 

retics 4.5%, 95% ci 0.6 to 8.4) (Figure 5.8d). There was no difference among surviving par-

ticipants that defaulted. 

Figure 5.8 

Observed and predicted average profile of reticulocyte count (retics) between birth and 18 years of 

age for 315 SS and 247 A A cohort members. 
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5.3.10 Platelet count 

We have no reliable platelet counts before 3 months among SS participants and before 1 

year among AA participants. Between 3 months and 1 year, SS levels varied around 400x10^ 

/ m m ^ then climbed steadily to 500x10^ /mm^ by 18 years of age. At 1 year of age AA levels 

were around 400x10^ / m m \ and decreased thereafter to around 300x10^ /mm® by 18 years 

of age (Figure 5.9a-c). Generally, variation in our steady-state platelet measurements was 

large, and this feature contributed to the mixed, and statistically unimportant differences 

due to gender and non-response patterns (Figure 5.9d). 

Figure 5.9 

Observed and predicted average profile of platelet count (plat) between birth and 18 years of age for 

315 SS and 247 AA cohort members. 
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5.3.11 Fetal haemoglobin 

We have no rehable HbF data before 4 months among SS participants and before 1 year 

among AA participants. At 4 months, SS infants had HbF levels of 35%. These levels de-

clined rapidly to 17.7% by 1 year of age, 12.1% by 2 years of age, 9.6% by 5 years, and 5.2% 

by 10 years and older. Among AA participants HbF levels were 1.5% at 1 year of age, and 

quickly decreased to trace levels (<0.5%) by 2 years and older (Figure 5.10a-c). 

Surviving participants that defaulted from the JSSCD for at least one year had a higher av-

erage HbF levels than those who had never defaulted (difference in HbF 1.3%, 95% ci -0.7 to 

3.3), and the effect was more pronounced for those that defaulted in the second decade of 

life. The picture was reversed in those that defaulted and who had subsequently died (differ-

ence in HbF -3.0%!, 95% ci -10.0 to 4.0) (Figure 5.10d). 

Figure 5.10 

Observed and predicted average profile of fetal haemoglobin (HbF) between birth and 18 years of age 

for 315 SS and 247 A A cohort members. 
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5.4 Discussion 

Our results provide new baseline information of the haematological picture in an important 

sickle-cell disease cohort, extending earlier descriptions from six to 18 years of age (4). More 

work is needed to translate these information into practical tools. It is possible to extend the 

current analysis to a series of reference intervals for childhood haematology in SS disease, 

and we consider this future work in chapter nine. Our initial observations on differences be-

tween SS participants and AA controls could have implications for the use of haematology as 

biomarkers for the disease process, and we consider this future work in chapter nine. 

We use certain analysis techniques for the first time in haematological analyses. Few at-

tempts have been made to model the early-life haematological experience (34). In sickle-cell 

disease epidemiology, early-life changes in all haematological indices are non-linear, and ana-

lysts have historically chosen to ignore this important time of life. We now show that these 

changes can be successfully incorporated into a modelling framework. The procedures can be 

immediately utilised to examine the role of other factors on these haematological indices. 

Our modelling goals were to document the haematological profiles of our SS cohort, but in 

doing so we have obscured individual variability in haematological course. Important exten-

sions will be to offer age-related reference intervals for each index, and to model our haema-

tology using subject-specific (or random effects) models. These will allow us to evaluate the 

variability between individuals and to better understand the influence of specific interven-

tions on individuals. 

The rapid decline in haemoglobin concentration soon after birth, and its association with re-

ticulocytosis and elevated bilirubin levels (not presented) indicates haemolysis at a very 

early age in SS disease, and prior to the onset of clinical symptoms in analysable numbers. 

These features suggest an important avenue for exploring early-life indicators of later health-

status (see chapter nine). Leukocytosis (>15xlO^/litre) is apparent in early-life. Leukocytes 

have been linked recently to major health outcomes in sickle-cell disease (3;35), and the early 

recognition of an elevated white blood cell count may offer another avenue for early identifi-

cation of people at risk of a problematic clinical course. 

Our haematological profiles exclude haematology associated with acute clinical events (for 

example those associated with aplastic crisis, post-transfusion, acute splenic sequestration, 

acute chest syndrome, vasoocclusive episodes). Ultimately the interrelationship between our 

'steady-state' haematology and the excluded 'non-steady state ' may be valuable, and this 

discussed further in chapter nine. 

Gender differences occurred in the haematological development. Females had higher haemo-

globin concentration, haematocrit, and mean cell volume at the 5% level of statistical signifi-

cance. Other indices had clinically interesting gender differences that did not achieve statis-
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tical significance, primarily because of large measurement variation. Larger cohorts with 

greater statistical power would be required to examine these features. 

We have shown (in chapter four) that non-response should not be ignored when modelling 

haematology or clinical events in sickle-cell disease, and that participant default influences 

subsequent mortality. We now show that surviving defaulters had significantly higher hae-

moglobin concentrations, and haematocrit than attending participants that have survived. 

Haemoglobin concentrations were on average 0.4g/dl higher, and haematocrit was 1.3% 

higher among surviving defaulters. Defaulting participants that died had significantly higher 

reticulocyte counts that attending participants that survived; the reticulocyte count was 

4.5% higher among defaulters that subsequently died. Other relationships that were interest-

ing, but not statistically significance (again possibly because of inadequate power) are de-

tailed in graph (d) of each haematological index description. These differences suggest two 

mechanisms for default: those that are mildly affected by the disease and who do not need 

medical intervention, and those that are more severely affected, and for whom the act of de-

faulting may itself promote an unfavourable clinical outcome. Our results suggest that de-

fault itself can offer an early-warning system for adverse clinical outcome. 
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Chapter 6 

Describing clinical events 

Background 

The clinical expression of sickle-cell disease is well documented, but published observations generally 

rely on clinically ascertained study participants with known biases (e.g. see Chapter Three). We 

describe clinical patterns of sickle-cell disease among the JSSCD birth cohort, which is free from 

ascertainment bias, and whose underreporting of clinical events is likely to be small. 

Methods 

For fourteen clinical complications we calculated incidence rates and the proportion of participants 

a^ected, by age, genotype (SS and SC disease), and gender. We quajitiGed the bias introduced when 

using a clinically-ascertained study group by comparing the reported proportion of participants 

affected in the clinic study and in the JSSCD. We assessed two techniques to reduce this bias in the 

clinic study; an established technique reduces the at-risk population, and a new technique is based on 

a Monte-Carlo simulation. We summarised outcome as mortality-rates in the JSSCD, and as survival 

rates among clinic study participants who enrolled in our sickle-cell clinics during a 10-year window 

between 1987 and 1996, and who had their status (living, died, migrated) confirmed during the early 

stages of this doctoral work (in 1998 and 1999). 

Findings 

Among JSSCD participants with SS disease, the most common event in infancy was dactyhtis, with 

44 events per 100 years between 1 and 2 years of age. Although less common, acute splenic 

sequestration, the acute chest syndrome, and bacteraemias were also most likely to occur in infancy. 

From childhood to adulthood, the painful crisis was the most common clinical event, with incidence 

rates of 50 per 100 years until adolescence, rising to 190 events per 100 years in adults between 24 

and 25 years of age. More men presented with dactylitis and hepatomegaly, and men had a higher 

frequency of dactylitis and the acute chest syndrome. The acute chest syndrome was the leading cause 

of death, and stroke carried the highest probability of death. Median survival using the Monte Carlo 

simulation was 53.0 (49.0 to 58.7) years for males and 58.5 (53.5 to 70.9) for females. Median survival 

using the 'population-at-risk' adjustment was 42.6 (40.0 to 49.1) years for males and 47.4 (37.8 to 

55.1) for females. Using the clinical study, the proportion of participants affected by clinical endpoints 

was between 2 and 10 times lower than in the JSSCD. Using the 'population-at-risk' adjustment 

reduced this underreporting to (at most) 3 times lower. 

Interpretation 

Clinical events are strongly age-related, and an unselected birth cohort followed prospectively is 

required to accurately determine age-specific summary measures of event frequency. When the age-

structure of a cohort does not allow adequate descriptions (e.g. our young Jamaican cohort cannot 

inform lifetime survival) methods of bias adjustment, if applied thoughtfully, can improve the 

accuracy of estimates applied to chnic ascertained participants. 
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6.1 Introduction 

The chnical features of sickle-cell disease change with age (1). This well-known variation 

may be an expression of the pre-programmed progression of the disorder, it may reflect 

the changing interaction of the disorder with its host (changes as the body matures for 

example), and it may reflect the body's changing response to environmental challenges. 

Whatever the cause of these shifts in chnical expression, the existence of age-related trends 

highlights a pattern that can be exploited to help understand the reasons for differences in 

clinical expression between people with sickle-cell disease, and changes in the activity of 

chnical-expression within individuals. Ultimately we might be able to describe disease 

phenotypes that would benefit from invasive prophylactic clinical intervention, but this goal 

remains distant. 

During the first decade of life the switch from fetal to adult haemoglobin underlies the 

changing clinical expression. This first decade is typified by acute problems; life-threatening 

infection, the acute-chest syndrome, acute splenic sequestration, and stroke. In the second 

decade of life the painful-crisis takes over as the dominant clinical event - rarely life 

threatening, but placing a physical and psychological burden on those that it affects. Late 

adolescence is a period of relative wellbeing for the sickle-cell patient. In the third decade 

and later chronic organ damage (such as renal failure or pulmonary deterioration) becomes 

an increasing burden. 

Clinical heterogeneity is a key feature of the disease. Any single patient can have all 

complications. Some may have none but die with a single acute event. Some skip one or 

more 'phases'. A person with sickle-cell disease would be expected to survive into the fifth or 

sixth decade, although again there is wide variation in survival rates (2;3). There is much 

evidence that variation in the expression of the disease has a geographical dimension, 

although reports from different countries are complicated by marked differences in the 

characteristics of the populations studied (for example, many studies are cross sectional with 

different age structures). 

How should we categorise these clinical features of sickle-cell disease? Sensible approaches 

have been adopted by others. Steinberg (1999) described those due to hemolysis of sickled 

cells and those due to vasoocclusion caused by sickled cells (4). Serjeant (1992) used a 

systemic approach, describing events by body systems (5). Others have grouped outcomes 

into distinct age-related phases (6;7). Given the longitudinal aspect of our investigations, we 

adopt an age-related description. 

In this chapter we describe the annual incidence of common clinical events associated with 

sickle-cell disease, and describe the proportion of participants affected. Along with 

descriptions of mortality and survival, and in-depth case-studies of specific morbidity (in 

Sections 6.3.7, 6.3.9 and in Chapter Three), these clinical event descriptions fulfil the 
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original aim of the JSSCD and of this thesis - to document and summarise the aetiology and 

natural history of sickle-cell disease. 

6.2 Methods 

We describe fourteen common clinical events: eight acute events and six chronic events. The 

acute events are dactyhtis, acute splenic sequestration, bacteraemia, aplastic crisis, stroke, 

acute chest syndrome, the painful crisis, and priapism. The chronic events are 

hypersplenism, gallstones, leg-ulceration, proliferative sickle retinopathy, osteonecrosis, and 

hepatomegaly. 

6.2.1 Incidence rates 

We examined the incidence rates of clinical events separately for homozygous sickle-cell (SS) 

disease and sickle-cell haemoglobin C (SC) disease using either the JSSCD or the clinic 

sample. Some clinical events are acute and potentially recurring, whilst others are chronic; 

sometimes irreversible and sometimes persisting for many years. For each acute clinical 

event we calculated incidence rates of all events in a study group and of individuals' first 

event. For chronic clinical events we calculated the incidence rate of individuals' first event. 

To calculate the first-event incidence rate, we removed participants from the calculations 

when their first event occurred. We can therefore interpret the first-event incidence rate as 

the incidence of a clinical event amongst those participants without a previous history of the 

event. We graphed incidence rates by year of age and tabulated selected incidence 

summaries: the 'all-event' and 'first-event' crude rates, the peak incidence rate and the age 

at which this peak rate occurs, and the clinical event age range. 

6.2.2 Proportions affected 

We calculated the proportions of participants affected by each clinical event (acute or 

chronic) by December 1999 (which was the end of our study window). 

6.2.3 Gender differences 

In chapters seven and eight we are interested in the contribution of patient characteristics 

and clinical events to an overall measure of health-status. Gender is a known contributor to 

variation in haematological expression (8), and we now examine whether it influences clinical 

outcomes. 

We compare clinical events between male and female JSSCD participants with SS disease. 

For seven acute clinical events we calculated a relative-risk of all-event incidence rates for 

men compared to women (an eighth acute clinical event occurs only in males). We provided 

a formal test of these rates using a Mantel-Haenszel %^-statistic, adjusting for the potential 

effect of age as a continuous covariate. More events in men lead to a relative risk above one. 

For all events we calculated the proportion of each gender affected by December 1999. We 



Chapter Six Describing clinical events 6.4 

constructed a two-by-two table for each event (men and women, affected and not-aEected) 

and compared these proportions using a x^-test. 

6.2.4 Adjusting for multiple tests 

The analysis of gender differences presents a number of independent univariate tests; we 

perform two tests on each acute event and a single test on each chronic event (8x24-6 = 22 

tests). False-positive conclusions are possible; the probabihty of a false positive conclusion at 

5% significance is 1 - (1 - 0.05)^^ = 0.68 . We adjust these results using two techniques: 

control of the family-wise error rate (FWER), and control of the false discovery rate (FDR). 

FWER control protects against the probability of wrongly rejecting any null hypothesis 

(which is a false-positive result). These procedures give conservative protection, but are not 

powerful in the sense that the chance of rejecting null hypotheses that are truly false is also 

small. We implement a common FWER procedure known as Sidak's correction (9). At the 

other extreme is the common approach to ignore the multiplicity problem altogether, which 

is intuitively inappropriate. Using an FDR procedure we control the expected proportion of 

the rejected hypotheses that are falsely rejected; it provides a more powerful adjustment, 

whilst still offering a meaningful measure of error (10). 

Additionally, a re-sampling technique was used to assess the robustness of ail formal tests of 

significance. Using the original JSSCD sample (which has 315 patients), 315 patients were 

drawn randomly (and with replacement) to create a new sample in which each patient may 

appear once, more than once, or not at all. The same gender comparisons were performed on 

this 'bootstrap' dataset. The procedure was repeated many times (we choose 1000 

repetitions) and a distribution of relative risks were formed for each clinical event. Several 

extra statistics were calculated: 

co72,y%dence 

Bias-corrected and accelerated (BCa) confidence intervals (at the 95% level) were produced 

(11) . 

/n,/ere%ce 

We want to know whether any of our tests of inference could be falsely significant. Truly 

important differences should remain significant in most bootstrap samples. The number of 

bootstrap samples that record significant results was used as a measure of the robustness of 

our inference. We present (as percentages) the number of bootstrap samples for which p-

values associated with gender comparisons of incidence rates or proportion of participants 

affected are less than three threshold levels of significance (the 5% level, and levels adjusted 

for multiple testing - see section 6.2.4, first paragraph). 
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6.2.5 Mortality 

We present a description of mortality in the JSSCD. We grouped deaths by cause. We 

should interpret the frequency of these causes of death against the frequency of the event in 

the JSSCD population. To do this, we calculated the rofe as the number of 

deaths from each cause divided by the number of recorded clinical events. We assessed 

variation in the ro(e using 95% bootstrapped confidence limits. 

In 1995, Lee and colleagues reported that mortality in the JSSCD decreased among 

participants born later in the recruitment period. They explained this improvement as a 

combined reduction in mortality from acute splenic sequestration and pneumococcal 

septicaemia-meningitis, following introduction of specific interventions (12). We have 

updated this report to include mortality between 0 and 27 years of age. Following the 

original methods, we divided the JSSCD into tertiles based on date of birth (group one: June 

1973 to Dec 1975, group two: Dec 1975 to Jan 1979, group three Jan 1979 to Dec 1981). We 

plotted Kaplan-Meier curves for each tertile, and assessed group differences formally using 

the log-rank test and the generalised Wilcoxon test (which accounts for possible deviations 

from the proportional-hazards assumption). We repeated this procedure for the original 

dataset (mortality by 1995), and for the updated dataset (mortality by 1999). When 

assessing formal group differences we ensured that each birth group was followed for an 

equal length of time; we restricted the original data to follow-up between 0 and 14 years of 

age, and the updated data to between 0 and 18 years. Deaths in the Government screening 

programme were included to further assess secular change in mortality. 

6.2.6 Graphical displays 

For acute clinical events, age-specific all-event incidence rates in the JSSCD are presented 

visually for each year of life between birth and 27 years of age (the maximum age of JSSCD 

members in 1999). Incidence rates can be quite variable for the less common clinical events. 

To highlight event trends above this variation we graphed two-year moving averages of 

incidence rates for events below a peak of 50 events per 100 patient years, and five-year 

moving averages for events below a peak of 20 events per 100 patient years. Jackknife 95% 

confidence intervals were calculated for all incidence rates. All-event incidence rates are also 

stratified by gender for acute clinical events. 

The proportions of participants affected by each clinical event are plotted against time to 

first clinical event using the Kaplan-Meier function, which adjusts for censored participants; 

those that leave the study without experiencing the event. JSSCD participants are presented 

by genotype, and SS participants are also stratified by an adjustment to cope with late-entry 

bias (see section 6.2.8 for a description of this adjustment method). 
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6.2.7 Independent events 

Repeat presentations to clinic may be due to the same underlying clinical event. Treating all 

participant presentations as independent clinical events is likely to overestimate clinical 

event frequency. If a participant presents more than once within a short period for the same 

chnical event, we treated these consecutive presentations as realisations of the same 

underlying clinical event: consecutive presentations for the ACS less than 15 days apart and 

consecutive presentations for any other acute event less than eight days apart. 

6.2.8 Late entry bias 

We have seen in Chapter Three that a clinic-based population will have a substantial late-

entry bias, with up to 90% of people with sickle-cell disease not enrolled to a specialist clinic 

by their fifth birthday, and up to half not enrolled by 18 years of age. An unselected birth 

cohort with complete clinical event reporting is required to protect against late-entry bias. 

Although complete reporting is probably not possible, the JSSCD is a birth cohort that are 

encouraged to attend the free sickle-cell clinic whenever sick, and so most clinical events in 

this population are probably recorded (13). 

In this chapter we quantify the effect of late-entry on clinical research, by comparing the 

cumulative proportions of clinical events in the clinic and JSSCD participants. 

Methods to cope with late-entry bias in the clinic population are available at the analysis 

stage of any study. We implement two methods. The first is an accepted adjustment that 

examines morbidity and mortality incidence from birth with those at risk restricted to 

patients that have been recruited to clinic (Method One) (14). This technique requires that 

the risk of morbidity or mortality at any point is the same for those recruited and not 

recruited to the study, which may be unrealistic. The second method is a new simulation 

technique using the gold-standard JSSCD to inform the morbidity and mortality experience 

of the clinic population (Method Two). This technique is described in detail and is applied to 

survival in sickle-cell disease in case study 5. 

6.2.9 Defining clinical events 

Sickle-cell related events were defined at the initiation of the JSSCD. Only events that 

resulted in a clinic visit were recorded. Fourteen common clinical events associated with 

sickle-cell disease are described. Dactylitis (also called the hand-foot syndrome) was defined 

as pain with or without swelling and/or tenderness in the feet and/or hands. Acute splenic 

was defined as a decrease &om steady-state total haemoglobin of at least 2g/dl, 

evidence of compensatory marrow response (measured by reticulocyte count) and an acutely 

enlarging spleen (15). Hypersplenism was arbitrarily defined as an enlarged spleen 4cm or 

more below the left-costal margin, a total haemoglobin level below 6.5g/dl, reticulocytes 

greater than 15 percent, and platelets below 200x10^/1, observed on at least two occasions 

six months apart. T/ie acM ê c/ieaf was defined as a patient presenting with either 
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chest pain, a temperature above tachypnea, wheezing or cough, with confirmation of 

a new pulmonary infiltrate involving at leaat one complete segment that waa consistent with 

the presence of alveolar consolidation. A pom was defined as bone pain (not 

affecting ribs or sternum) or chest pain confined to the sternum and/or ribs, of sufGcient 

severity to require clinic attendance and analgesia (a severe crisis requiring narcotic 

analgesia, a mild crisis requiring non-narcotic analgesia), and for which no other explanation 

could be found. (also called avascular necrosis) was deHned if a bone pain 

crisis was associated with swelling of the affected areas. Osteonecrosis of the hip can be 

graded as stages I to IV of increasing severity using the system of Ficat, which classifies 

using radiograph and MRI (16). Aplastic crisis was defined as a fall in haemoglobin 

concentration to below steady-state levels (this fall is usually greater than 3g/dl) associated 

with zero reticulocytes or, if present, a daily increase consistent with the recovery stage. 

Stroke (also called a cerebrovascular accident or CVA) was defined as an acute neurological 

syndrome secondary to the occlusion of an artery or to hemorrhage with resultant 

neurological signs and symptoms. The presence of (also called chohlithiasis) was 

confirmed by ultrasound examination performed by a single observer using a 3.0-MHz or 5.0-

MHz sector probe and an ATL Ultramark 4 instrument (Advanced Technology Laboratories, 

Tempe, Arizona). Gallstones were defined as discrete echogenic objects that maintained their 

shape and moved with rotation of the gallbladder. Sludge was defined as echogenic material 

within the gallbladder lumen that layered and changed shape and position on moving the 

patient. Priapism was defined as a prolonged, undesirable, and painful erection lasting 

beyond any period of sexual stimulation. Stuttering priapism was defined as short (typically 

less than three hours duration), self-limiting attacks that were recurrent with normal 

intervening sexual function. Moj'or przopiam was defined as an attack lasting over 24 hours. 

A leg-ulcer was defined as a local excavation of the skin surface of the lower leg, with or 

without a history of local trauma, which had persisted for a minimum of two weeks. 

Proliferative sickle retinopathy was defined as the presence of proliferative lesions in the 

peripheral retinal vasculature secondary to peripheral retinal ischaemia. Lesions were 

identified by fluorescein angioscopy and angiography following intravenous injection of 3-4ml 

of 20% sodium flourescein. This diagnostic technique obtained permanent photographs 

through the dilated pupil with a retinal camera once the dye appeared in the retinal 

vasculature, and allowed subtle, progressive changes in retinal vasoperfusion to be detected. 

Invasive bacterial infection (also called bacteraemia) was defined as the isolation of one of 

Ave organisms (,9 pneumonme, m/Z'ueMzoe type b, gpp, or ATZebszeZZa app) 

from cultures of blood of cerebral spinal fluid and, in the case of Salmonella spp, from sinuses 

or aspiration from bone sites. Hepatomegaly was defined as enlargement of the liver 

compared to age-dependent reference values. In adults, hepatomegaly was established by 

clinical examination, if the liver was palpable below the left costal margin or had a span of 

14cm or greater. 
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6.2.10 Defining the periods of life 

For JSSCD participants we roughly categorise clinical events into either the first, second, or 

third decade of life. The first decade includes the neonatal period, infancy and childhood. 

The neonatal period is the first four weeks of extra-uterine life. We deSne infancy aa the 

period between neonatal life and two-years of age. We define childhood as the period 

between infancy and puberty. The second decade is adolescence, which we deSne aa the 

period between puberty and maturity. We assume maturity at 20 years of age. The third 

decade is the 10-year period beyond maturity. 

6.3 Results 

We tabulate summaries of incidence rates for study participants with SS disease (JSSCD 

participants in Table 6.1, clinic sample participants in Table 6.2), and with SC disease 

(JSSCD participants in Table 6.3, clinic sample participants in Table 6.4). We present age-

related incidence rates for high incidence acute events (dactylitis, and the painful crisis) in 

Figure 6.1a, for medium incidence acute events (ACS, ASS, and priapism) in Figure 6.1b, 

and for low incidence clinical events (bacteraemia, stroke, and the aplastic crisis) in Figure 

6.1c. We present age-related incidence rates for acute clinical events by gender in Figure 6.5. 

We present the cumulative proportion of participants affected by each clinical event at 

various ages for each genotype in Table 6.5 to Table 6.7 (JSSCD participants in Table 6.5, 

acute events among clinic participants in Table 6.6, chronic events among clinic participants 

in Table 6.7). We present these cumulative proportions graphically in Figure 6.2 to Figure 

6.4 (high incidence events in Figure 6.2, moderate incidence events in Figure 6.3, and low 

incidence events in Figure 6.4). We present gender differences in incidence rates and in 

cumulative involvement for JSSCD participants in Table 6.8 and for clinic study 

participants in Table 6.9. We present the clinic study bias in unadjusted and adjusted age-

specific proportions for each clinical event in Table 6.10. 

6.3.1 The first decade 

period 

At birth, and for the first few weeks of life, children with sickle-cell disease have no typical 

symptoms. Haematologic differences between SS and AA controls were apparent from as 

early as the second week of life (13) and these early life differences have been described in 

Chapter Five. 

The earliest recorded clinical complication in the JSSCD was an episode of acute chest 

syndrome in a two-week old neonate, and seven ACS events occurred in children less than 

three months old. Other known early-life events began around the third month of life (e.g. 

the first case of dactylitis was seen in an 89-day old child and the first case of ASS in an 85-

day old child). By one year of age typical clinical event patterns are evident. Dactylitis and 

splenic dysfunction are the most common early-life events. 
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m 5'5' dweaae 

The crude all-event incidence rate of dactylitis among JSSCD participants with SS disease 

was 8.6 per 100 patient years (95% confidence interval 7.1 to 10.4), with a peak incidence of 

44.2 per 100 patient years (34.9 to 56.9) in infants between one and two years old (Table 6.1 

and Figure 6.1a). Over half of all SS participants had experienced a dactylitis event by 10 

years of age. Compared to SC disease, the event rate waa 12 times higher in SS disease 

(Table 6.5 and Figure 6.2al). 

m 6'5' diaeose 

The crude all-event incidence rate of ASS among JSSCD participants with SS disease was 

3.8 per 100 patient years (3.1 to 4.6), with a peak incidence of 25.3 per 100 patient years 

(18.8 to 34.8) in infants between one and two years old (Table 6.1 and Figure 6.1b). Over 

one-third of all SS participants had experienced an ASS event by 10 years of age. The event 

was rarely seen in SC disease (Table 6.5 and Figure 6.3al). 

Early splenic dysfunction leads to infant susceptibility to opportunistic infection (17); 

common infective agents are pnei/momae and b l9 infection (18). Splenomegaly 

becomes common and is often related to a ha^matological picture of hypersplenism; lowered 

total haemoglobin and platelet count, and an increased reticulocyte count. Beyond infancy, 

the pattern of recurrent pain usually becomes established, with early-life dactylitis replaced 

by the well known episodic pain of limbs, back, and abdomen. These painful crises, along 

with episodes of the acute chest syndrome, become the top two causes of hospitalisation. 

Stroke, caused by cerebrovascular damage from occlusion of the major vessels emerges ag an 

infrequent but often fatal complication. 

Hypersplenism in SS disease 

The crude first-event incidence rate of hypersplenism among JSSCD participants with SS 

disease was 1.3 per 100 patient years (1.0 to 1.7), with a peak incidence of 6.4 per 100 

patient years (4.1 to 10.8) in infants between one and two years old (Table 6.1). One-fifth of 

all SS participants had experienced hypersplenism by 25 years of age. The event was rarely 

seen in SC disease (Table 6.5 and Figure 6.4cl). 



Table 6.1. 

The incidence of common clinical events among 315 JSSCD participants with homozygous sickle-cell disease. 

FoUow-up / # events Incidence 

Clinical event AU 
Events 

First 
event 

Peak 
event 

All-events 
(95% CI) 

First-event 
(95% CI) 

Peak 
(95% CI) 

Age at 
peak 

median 
age age IQR age range 

Acute events 

Dactylitis 5154.4 
443 

2838.9 
155 

285.0 
126 8.6 (7.1 - 10.4) 5.46 (4.40 - 6.8) 44.2 (34.9 - 56.9) 1 - 2 1.75 1.0 - 3.2 0.4- 8.6 

Acute splenic 
sequestration 

5154.4 
195 

3427.8 
109 

28&0 
72 3.8 (3.1 - 4.6) 3.18 (2.53 - 4.0) 25.3 (18.8 - 34.8) 1 - 2 1.29 0.8 - 2.2 0.2 - 9.2 

Bacteraemia 5154.4 
72 

4541.1 
54 

285.0 
10 

1.4 (1.1 - 1.9) 1.19 (0.90 - 1.6) 3.5 (2.0 - 7.0) 1 - 2 4.06 1.7-7.5 0.1 - 24.1 

Aplastic crisis / 
bl9 infection — 

4021.2 
101 

221.4 
11 

— 2.51 (2.06 - 3.1) 5.0 (2.8 - 9.6) 6 - 7 7^6 4.7-11.3 0.5 - 19.5 

Stroke 5154.4 
36 

4983.7 
26 

274.4 
6 0.7 (0.5 - 1.1) 0.52 (0.36 - 0.8) 2.2 (0.8 - 8.8) 3 - 4 8.47 5.1 - 13.8 1.3 - 22.2 

Acute chest 
syndrome 

5154.4 
509 

2463.8 
189 

SB&O 
77 9.9 (8.6 - 11.46) 7.67 (6.39 - 9.2) 27.0 (21.0 - 35.3) 1 - 2 2.4 - 8.6 0.4- 20.9 

Painful Crisis 
(mild and severe) 

5154.4 
2628 

1821.7 
255 

38.4 
72 52.0 (44.2 - 61.7) 14.0 (12.55 - 15.6) 187.7 (116.9 - 321.5) 24 - 25 14.00 7.6 - 19.5 1.4- 25.4 

Painful Crisis 
(severe only) 

5154.4 
854 

3510.5 
172 

38.4 
35 16.6 (13.2-21.1) 4.9 (4.26 - 5.6) 91.3 (46.2 - 207.3) 24-25 17.08 8.8 - 20.7 1.3 - 25.6 

Priapism 68 
2595.6 

31 
64.7 
12 

2.5 (1.6-4.2) 1.19 (0.87 - 1.7) 18.6 (6.4 - 75.7) 20 - 21 18.58 15.8 - 20.4 2.1 - 24.5 

Chronic events 

Hypersplenism -

4334.8 
56 

264.6 
17 — 1.29 (0.98 - 1.7) 6.4 (4.1 - 10.8) 1 - 2 3.56 1.7 - 5.8 0.4 - 14.5 

Gallstones — 

1980 
96 

169.3 
15 — 4.85 (3.98 - 5.9) 8.9 (5.4 - 15.5) 13-14 13.37 11.0-17.8 5.1 - 23.8 

Leg-ulceration — 
3207.2 

122 
121.8 

16 - 3.8 (2.1 - 7.5) 13.1 (5.6 - 38.3) 18- 19 16.05 13.8 - 18.1 6.0 - 2&8 

Proliferative 
sickle retinopathy 

— 
3120 

14 
77.4 

4 — 0.45 (0.28 - 0.8) 5.2 (2.0 - 17.8) 22 - 23 21.6 19.0 - 22.7 16.4-- 26.2 

Osteonecrosis — 

3436.6 
139 

247.5 
23 — 4.04 (3.38 - 4.9) 9.3 (6.3 - 14.4) 2 - 3 7.29 3.5 - 12.9 0 .7- 22.3 

Hepatomegaly — 
4516.1 

67 
220.4 

8 - 1.5 (1.2 - 1.9) 3.6 (1.9 - 8.1) 8 - 9 9.52 7.4 - 12.7 2 .0- 23.5 



Table 6.2. 

The incidence of common clinical events among 4207 clinic participants with homozygous sickle-cell disease. 

Follow-up / # events Incidence 

Clinical event All 
Events 

First 
event 

Peak 
event 

All-events 
(95% CI) 

First-event 
(95% CI) 

Peak 
(95% CI) 

Age at 
peak 

median 
age age IQR age range 

Acute events 

Dactylitis 46034 
567 

43593.3 
337 

802 
297 1.2 (1.1 - 1.4) 0.8 (0.7- 0.9) 37.0 (32.0 - 43.1) 0 - 2 1.91 1.3-3.1 0 .4- 2&5 

Acute splenic 
sequestration 

46034 
222 

45037.9 
150 

1769.1 
49 0.5 (0.4 - 0.6) 0.3 (0.3 - 0.4) 11.6 (8.9 - 15.5) 0 - 2 2.42 1.4-5.9 0.6 - 2&2 

Bacteraemia 46034 
89 

45574.3 
81 

802 
13 0.2 (0.2 - 0.3) 0.2 (0.1 - 0.2) 1.6 (0.9 - 3.5) 0 - 2 9.23 3.0 - 22.8 0.6 - 56.8 

Aplastic crisis / 
bl9 infection — 

44282.4 
234 

2129.5 
43 

— 0.5 (0.5 - 0.6) 2.0 (1.5 - 2.8) 4 - 6 8j& 5.3 - 14.6 1.3 - 32.5 

Stroke 46034 
144 

45457.9 
112 

2620.2 
20 

0.3 (0.3 - 0.4) 0.3 (0.2 - 0.3) 0.8 (0.46 -•1.4) 10- 12 11.16 7.3 - 22.2 1.4 - 64.7 

Acute chest syndrome 46034 
1698 

38418.6 
878 

1769.1 
225 3.7 (3.4 - 4.0) 2.3 (2.1 - 2.5) 12.7 (10.8 --15.1) 2 - 4 9.41 5.0 - 22.6 1.0- 53.1 

Painful Crisis 
(mild and severe) 

46034 
16112 

26058.4 
2418 

2218.2 
1183 35.0 (32.8 - 37.5) 9 J ( & 9 - 9.7) 53.3 (46.7 -- 61.2) 26-28 23J8 13.7 - 30.7 2 .0 - 57.6 

Painful Crisis 
(severe only) 

46034 
7795 

32376 
1565 

2218.2 
618 16.9 (15.4 - 18.7) 4.8 (4.6 - 5.1) 27.9 (23.1 -- 33.9) 26-28 2&28 13.9 - 30.3 2.0 - 54.5 

Priapism 20615.5 
918 

19042.8 
212 

973.4 
158 4.5 (3.6 - 5.6) 1.1 (1.0- 1.3) 16.2 (11.5 -- 23.7) 26 - 28 25.70 21.8 - 29.0 8.0 - 47.3 

Chronic events 

Hypersplenism -

44536 
198 

782.1 
36 — 0.4 (0.4 - 0.5) 4.6 (3.3 - 6.5) 0 - 2 6.03 3.6 — 9.8 0 .9- 3&8 

Gallstones ~ 

46033 
251 

1276.7 
16 

— 0.5 (0.5 - 0.6) 1.3 (0.8 - 2.1) 34-36 26.35 19.8 - 34.3 7.0 - 60.9 

Leg-ulceration — 

34555.9 
1226 

2167.9 
164 

— 3.6 (3.4 - 3.8) 7.6 (6.5 - 8.9) 18 - 20 2&20 22.1 - 36.7 11.7-- 60.2 

Proliferative 
sickle retinopathy ~ 

44787.2 
128 

201.1 
6 

— 0.3 (0.2 - 0.3) 3.0 (1.4- 7\8) 52 - 54 36.63 31.9 - 44.4 7.9 - 67.6 

Osteonecrosis — 
40242.3 

741 
1668 
79 

— 1.8 (1.7- 2.0) 4.7 (3.8 - 6.0) 2 - 4 20.76 10.0 - 28.8 1.5 - 54.7 

Hepatomegaly — 
40958 

542 
1698.4 

51 
— 1.3 (1.2- 1.4) 3.0 (2.3 - 4.0) 2 - 4 15.07 7.4 - 30.8 1.6- 63.5 



Table 6.3. 

The incidence of common clinical events among 167 JSSCD participants with sickle-cell (SC) disease. 

Follow-up / # events Incidence 

Clinical event AU 
Events 

First 
event 

Peak 
event 

AU-events 
(95% CI) 

First-event 
(95% CI) 

Peak 
(95% CI) 

Age at 
peak 

median 
age age IQR age range 

Acute events 

Dactylitis 3207.2 
22 

2933.1 
15 

159.2 
9 

0.7 (0.4 - 1.4) 0.5 (0.3 - 0.9) 5.7 (2.8 - 13.1) 1 - 2 1.57 1.2- 2.5 0.6 - 5.3 

Acute splenic 
sequestration 

3207.2 
1 - — 

— 
- — — — 

- 4 - 5 

Bacteraemia 3207.2 
9 

3100.6 
8 - 0.3 (0.1 - 0.7) 0.3 (0.1 - 0.6) - 0 - 3 5.42 1.2 - 8.3 0.8 - 2&8 

Aplastic crisis / 
bl9 infection 

— 
3090.4 

12 - - 0.4 (0.2 - 0.7) - — 13.34 9.5 - 16.7 5.5 - 18.0 

Stroke 3207.2 
0 

— — - — - — 
— 

- -

Acute chest syndrome 3207.2 
102 

2380.7 
55 

153.9 
16 3.2 (2.4 - 4.2) 2.3 (1.7-3.1) 10.4 (5.9 - 20.2) 0 - 1 4.73 1.5 - 10.1 0.1 - 21.2 

Painful Crisis 
(mild and severe) 

3207.2 
1308 

1324.6 
143 

43.3 
41 40.8 (34.6 - 48.4) 10.8 (9.4 - 12.4) 94.7 (69.5 - 132.3) 23-24 13.58 8.2 - 18.4 2.3 - 24a 

Painful Crisis 
(severe only) 

3207.2 
246 

2350.5 
82 

24.1 
8 7.7 (6.0 - 9.9) 3.5 (2.9 - 4.3) 33.2 (16.8 - 75.1) 24-25 14.11 9 .0- 19.4 2 .5- 25.2 

Priapism 1647.1 
9 

1639.8 
5 — 0.6 (0.1 - 3.6) 0.3 (0.1 - 0.9) — 19-24 21.11 20.1 --21.6 19.2 - 23.2 

Chronic events 

Hypersplenism 3207.2 
1 

— — — 
— 

— — — 
- 24-- 25 

Gallstones — 

1359.1 
18 

89.8 
4 - 1.3 (0.8 - 2.2) 4.5 (1.7 - 15.9) 18 - 19 15.14 12.7--18.2 10.6--20.0 

Leg-ulceration -

4582.3 
89 

157.5 
14 - 1.94 (1.63 - 2.3) 8.9 (5.4 - 15.8) 16 - 17 18.66 16.4-- 20.8 10.8 --24.8 

Proliferative 
sickle retinopathy -

1936.8 
45 

57.5 
4 — 2.3 (1.8 - 3.0) 7.0 (2.7 - 24.0) 22 - 23 17.2 14.4-- 20.3 8.1 - 26.3 

Osteonecrosis — 

2363.4 
62 

144.4 
10 - 2.6 (2.0 - 3.4) 6.9 (3.8 - 14.1) 3 - 4 8.41 5.1 - 12.3 1.2 - 228 

Hepatomegaly -

3124.4 
6 — — 0.2 (0.1 - 0.5) — — 6^8 4 .7- 17.7 2.9 - 17.7 



Table 6.4. 

The incidence of common clinical events among 1567 clinic participants with sickle-cell (SC) disease. 

Follow-up / # events Incidence 

Clinical event All 
Events 

First 
event 

Peak 
event 

All-events 
(95% CI) 

First-event 
(95% CI) 

Peak 
(95% CI) 

Age at 
peak 

median 
age age IQR age range 

Acute events 

Dactylitis 11730 
11 

11632.3 
11 - 0.1 (0.05 - 0.18) 0.09 (0.05 - 0.18) — - 6.02 1.6 --19.8 1.0 - 3&4 

Acute splenic 
sequestration 

11730 
17 

11666.9 
14 

249.9 
5 

0.1 (0.08 - 0.28) 0.12 (0.07 - 0.21) 2.0 (0.4 - 18.8) 2 - 4 5.21 3.9 -- 12.5 2 .4- 40.7 

Bacteraemia 11730 
3 

11717.8 
3 - 0.03 (0.01 - 0.13) 0.03 (0.01 - 0.13) - - 9.43 - 3.6 - 21.8 

Aplastic crisis / 
bl9 infection 

— 
11689.4 

13 
— 

— 0.11 (0.07-0.20) — 
- 14.85 4.2 -- 13.4 3 .4- 2&8 

Stroke 11730 
7 

11725.6 
6 — 0.1 (0.03 - 0.17) 0.05 (0.02 - 0.13) — 

— 42.76 20.7 -54.0 7.6- 62.9 

Acute chest syndrome 11730 
169 

10806.6 
125 

93 
13 

1.4 (1.2 - 1.8) 1.2 (1.0 - 1.4) 14.0 (8.1 - 26.1) 0 - 1 11.15 5.2 -- 22.7 1.1 - 69.9 

Painful Crisis 
(mild and severe) 

11730 
3403 790 

402 
176 29.0 (26.5 - 31.8) 11.2 (10.3 - 12.2) 43.8 (35.2 - 55.2) 4 - 6 18.84 11.4 -27.8 3 2 - 60.2 

Painful Crisis 
(severe only) 

11730 
1243 

8951.7 
451 

532 
91 10.6 (9.4 - 12.0) 5.0 (4.6 - 5.6) 17.9 (13.6 - 23.9) 6 - 8 18.33 10.7 - 27.2 3 2 - 5&9 

Priapism 5504.8 
45 

5448.5 
17 — 0.8 (0.4 - 2.16) 0.3 (0.2 - 0.5) — - 30.4 23.4 - 36.9 12.4--54.4 

Chronic events 

Hypersplenism — 
11651.8 

20 
— — 0.2 (0.1 - 0.3) — — 14.85 10.6 - 21.6 2.9 - 49.0 

Gallstones — 

11730 
14 

370.4 
4 — 0.12 (0.06 - 0.26) 1.1 (0.4 - 3.8) 34-36 34.91 31.5 -37.6 2&8-- 59.0 

Leg-ulceration — 

11264.4 
81 

685.3 
12 - 0.7 (0.6 - 0.9) 1.8 (1.0 - 3.3) 18 - 20 31.00 19.8 - 51.3 &6- 61.7 

Proliferative 
sickle retinopathy 

— 
9222.2 

297 
35.1 

7 
— 3.2 (2.9 - 3.6) 19.9 (8.8 - 50.2) 50 - 52 31.06 24.8 -38.8 15.4-- 66.0 

Osteonecrosis — 
10668.2 

163 
489.3 

19 — 1.5 (1.3 - 1.8) 3.9 (2.5 - 6.3) 6 - 8 18.23 9.8 - 27.2 3.4- 58.2 

Hepatomegaly — 
11730 

16 
— — 0.14 (0.09 - 0.23) — — 19.36 15.3 -34.6 5.5 - 72.0 
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Bacteraemia in SS disease 

The crude all-event incidence rate of bacteraemia among JSSCD participants with SS disease 

was 1.4 per 100 patient years (1.1 to 1.9), with a peak incidence of 3.5 per 100 patient years 

(2.0 to 7.0) in infants between one and two years old Table 6.1 and Figure 6.1c). 

Approximately one-fifth of all SS participants had experienced one or more bacteraemias by 

25 years of age. Compared to SC disease, the crude event r a t e was 5 times higher in SS 

disease (Table 6.5 and Figure 6.4bl). 

Acute Chest Syndrome in SS disease 

The crude all-event incidence rate of ACS among JSSCD participants with SS disease was 

9.9 per 100 patient years (8.6 to 11.5), with a peak incidence of 27.0 per 100 patient years 

(21.0 to 35.3) in infants between one and two years old (Table 6.1 and Figure 6.1b). Almost 

three quarters of all SS participants had experienced one or more ACS episode by 25 years of 

age. Compared to SC disease, the crude event rate was 3 times higher in SS disease (Table 

6.5 and Figure 6.2dl). 

Figure 6.1 

Incidence of acute clinical events among 315 JSSCD members with SS disease. 
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The crude first-event incidence rate of osteonecrosis among JSSCD participants with SS 

disease waa 4.0 per 100 patient years (3.4 to 4.9), with a peak incidence of 9.3 per 100 

patient years (6.3 to 14.4) in children between three and four years old (Table 6.1). 

Approximately half of all SS participants had experienced osteonecrosis by 25 years of age. 

Compared to SC diseaae, the proportion affected wag 30% higher in SS disease (Table 6.5 

and Figure 6.2fl). 

The crude first-event incidence rate of aplastic crisis among JSSCD participants with SS 

disease was 2.5 per 100 patient years (2.1 to 3.1), with a peak incidence of 5.0 per 100 

patient years (2.8 to 9.6) in children between six and seven years old (Table 6.1 and Figure 

6.1c). Approximately two-fifths of all SS participants had experienced an aplastic crisis by 25 

years of age. Compared to SC disease, the event rate was 6 times higher in SS disease (Table 

6.5 and Figure 6.3cl). 

The crude all-event incidence rate of stroke among JSSCD participants with SS disease was 

0.7 per 100 patient years (0.5 to 1.1), with a peak incidence of 2.2 per 100 patient years (0.8 

to 8.8) in children between three and four years old (Table 6.1 and Figure 6.1c). 

Approximately 10% of all SS participants had experienced one or more strokes by 25 years 

of age. The event was not seen in SC disease (Table 6.5 and Figure 6.4al). 

The crude first-event incidence rate of hepatomegaly among JSSCD participants with SS 

disease was 1.5 per 100 patient years (1.2 to 1.9), with a peak incidence of 3.6 per 100 

patient years (1.9 to 8.1) in children between eight and nine years old (Table 6.1). Over one-

quarter of all SS participants had experienced hepatomegaly by 25 years of age. Compared 

to SC disease, the proportion affected was 8 times higher in SS disease (Table 6.5 and Figure 

6.3el). 

6.3.2 The second decade: Adolescence 

Adolescents with SS disease face the physical limitations of the disease and the psychological 

impact of a serious chronic condition. The expression of sickle cell disease in older children 

and adolescents is not fundamentally different from childhood, but certain clinical events 

become less or more common. Bacteraemias, dactylitis, ASS, ACS, and stroke decrease in 

frequency, and gallstones, episodes of severe pain, and leg ulceration increase in frequency. A 

large literature investigates the psychosocial issues of coping with the disease (19-21). 
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The crude Rrst-event incidence rate of gallstones among JSSCD participants with SS disease 

was 4.9 per 100 patient years (5.4 to 15.5), with a peak incidence of 8.9 per 100 patient years 

(5.4 to 15.5) in adolescents between 13 and 14 years old (Table 6.1). Approximately h^lf of 

all SS participants had gallstones by 25 years of age. Compared to SC disease, the 

proportion affected was 4 times higher in SS disease (Table 6.5 and Figure 6.2gl). 

fom/uZ cnszs m (fzaeaae 

The crude all-event incidence rate of all painful crises among JSSCD participants with SS 

disease was 52.0 per 100 patient years (44.2 to 61.7), with a peak incidence of 187.7 per 100 

patient years (116.9 to 321.5) in adults between 24 and 25 years old (Table 6.1 and Figure 

6.1a). Almost all SS participants had experienced one or more painful crisis by 25 years of 

age. Compared to SC disease, the crude event rate was 1.3 times (or 30%) higher in SS 

disease (Table 6.5 and Figure 6.2bl). 

The crude all-event incidence rate of severe painful crises among JSSCD participants with 

SS disease was 16.6 per 100 patient years (13.2 to 21.1), with a peak incidence of 91.3 per 

100 patient years (46.2 to 207.3) in adults between 24 and 25 years old (Table 6.1 and 

Figure 6.1c). Approximately three-quarters of all SS participants had experienced one or 

more severe painful crisis by 25 years of age. Compared to SC disease, the crude event rate 

was 2 times higher in SS disease (Table 6.5 and Figure 6.2cl). 

The crude all-event incidence rate of priapism among JSSCD male participants with SS 

disease was 2.5 per 100 patient years (1.6 to 4.2), with a peak incidence of 18.6 per 100 

patient years (6.4 to 75.7) in men between 20 and 21 years old (Table 6.1 and Figure 6.1b). 

Approximately two-fifths of all SS participants had experienced one or more episodes of 

priapism by 25 years of age. Compared to SC disease, the crude event rate was 4 times 

higher in SS disease (Table 6.5 and Figure 6.3bl). 



Table 6.5. 

Cumulative proportion of JSSCD members with each clinical event by genotype 

(315 members with SS disease and 167 members with SC disease) and by age in years. 
Age (in years) 

Event Genotype 1 2 3 4 5 10 15 20 25 
Acute events 

Dactylitis SS 21.7 39.4 46.5 48.6 50.4 53.6 53.6 53.6 53.6 Dactylitis SC 1.9 6.3 7.5 8.2 8.8 9.5 9.5 9.5 9.5 

Acute splenic sequestration SS 
SC 

15.5 
0.0 

29.1 
0.0 

33.4 
0.0 

34.9 
0.0 

35.6 
0.7 

37.5 
0.7 

37.5 
0.7 

3&0 
0.7 

3&0 
0.7 

Bacteraemia SS 3.1 6.2 8.7 10.8 13.4 17.5 18.0 19.7 21.6 Bacteraemia SC 0.6 1.9 2.5 2.5 2.5 3.8 4.5 4.5 7.1 

Aplastic crisis / bl9 infection SS 
SC 

1.3 
0.0 

1.7 
0.0 

3.9 
0.0 

6.8 
0.0 

10.9 
0.0 

26.5 
2.0 

36.7 
5.4 

40.1 
8.4 

41.3 
8.4 

Stroke SS 0.0 0.4 0.4 1.8 2.2 6.1 8.4 10.3 11.3 Stroke SC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Acute chest syndrome SS 
SC 

9.9 
8.3 

2&6 
13.9 

34.5 
15.1 

41.6 
17.7 

48.4 
20.3 

61.8 
26.8 

65.7 
35.1 

6&7 
35.1 

6&7 
36.1 

Painful Crisis (mild and severe) SS 
SC 

4.1 
0.6 

11.5 
3.1 

26.3 
15.1 

41.7 
24.7 

53.6 
36.3 

75.7 
67.6 

8&0 
84.1 

96.3 
91.1 93.7 

Painful Crisis (severe only) SS 
SC 

1.7 
0.0 

3.8 
0.6 

6.7 
1.9 

14.0 
3.2 

19.1 
8.3 

38.1 
27.5 

47.1 
4&6 

65.5 
48.7 

76.6 
68.7 

Priapism SS 0.0 0.0 0.7 0.7 1.3 2.1 6.3 19.6 3&3 Priapism SC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.3 11.7 
Chronic events 

Hypersplenism SS 
SC 

4.1 
0.0 

10.0 
0.0 

12.8 
0.0 

14.3 
0.0 

16.1 
0.0 

18.8 
0.0 

19.7 
0.0 

20.2 
0.0 

2&2 
2.9 

Gallstones SS 0.0 0.0 0.0 0.0 0.0 18.7 36.0 49.7 — 

Gallstones SC 0.0 0.0 0.0 0.0 0.0 0.0 6.1 13.7 — 

Leg-ulceration SS 0.0 0.0 0.0 0.0 0.0 1.6 14.9 3&8 51.2 Leg-ulceration SC 0.0 0.0 0.0 0.7 0.7 3.3 12.9 21.8 32.8 

Proliferative Sickle retinopathy SS 
SC 

— — — — 0.0 
0.0 

0.0 
1.5 

0.0 
10.7 

2.8 
24.9 

10.6 
40.5 

Osteonecrosis SS 3.4 8.0 16.2 20.5 26.4 39.5 46.7 52 3 55.4 Osteonecrosis SC 0.0 1.3 2.5 8.9 13.5 27.4 37.9 40.4 43.6 

Hepatomegaly 
SS 
SC 

0.0 
0.0 

0.4 
0.0 

1.1 
0.6 

2.2 
0.6 

2.9 
1.3 

16.2 
2.6 

23.2 
3.3 

26.1 
4.0 

3&8 
4.0 



Table 6.6. 

Cumulative proportion of clinic members with each acute clinical event (unadjusted and with an adjustment for late-entry bias) by genotype 

(4207 members with SS disease and 1567 members with SC disease) and by age in years. 
Age (in years) 

Event Genotype 1 2 3 4 5 10 15 20 25 30 35 40 50 70 
Acute events 

Dactylitis 
Adjusted SS 

SC 
23.3 
2.1 

42.4 
4.8 

47.8 
6.7 

49.4 
6.7 

51.0 
6.7 

51.8 
7.8 

52.0 
7.8 

52.1 
8.1 

5&2 
8.1 

5&3 
8.4 

5&3 
8.8 

52.3 
8.8 

52.5 
8.8 

53.1 
8.8 Dactylitis 

Unadjusted SS 
SC 

1.6 
0.1 

4.9 
0.2 

6.4 
0.4 

7.0 
0.4 

7.7 
0.4 

8.2 
0.6 

8.4 
0.6 

8.5 
0.8 

8.6 
0.8 

8.8 
0.9 

8.8 
1.2 

8.8 
1.2 

9.1 
1.2 

10.1 
1.2 

Acute splenic Adjusted SS 
SC 

6.2 
0.0 

14.4 
0.0 

17.1 
2.8 

18.3 
2.8 

19.3 
4.0 

2&8 
5.2 

21.3 
5.7 

21.5 
6.0 

21.7 
6.3 

21.8 
6.3 

21.9 
6.7 

21.9 
6.7 

21.9 
7.4 

21.9 
7.4 

sequestration Unadjusted SS 
SC 

0.5 
0.0 

1.6 
0.0 

2.2 
0.2 

2.5 
0.2 

2.9 
0.4 

3.5 
0.6 

3.7 
0.8 

3.9 
0.9 

4.1 
1.1 

4.2 
1.1 

4.3 
1.3 

4.3 
1.3 

4.3 
1.8 

4.3 
1.8 

Bacteraemia 
Adjusted SS 

SC 
0.8 
0.0 

2.4 
0.0 

3.4 
0.0 

3.8 
0.7 

4.3 
0.7 

5.4 
1.0 

5.9 
1.0 

6.3 
1.0 

6.9 
1.3 

7.7 
1.3 

8.0 
1.3 

8.3 
1.3 

9.0 
1.3 

11.1 
1.3 Bacteraemia 

Unadjusted SS 
SC 

0.1 
0.0 

0.3 
0.0 

0.5 
0.0 

0.6 
0.1 

0.7 
0.1 

1.2 
0.2 

1.4 
0.2 

1.7 
0.2 

2.1 
0.3 

2.8 
0.3 

3.0 
0.3 

3.3 
0.3 

4.0 
0.3 

5.8 
0.3 

Aplastic crisis / Adjusted SS 
SC 

0.0 
0.0 

1.6 
0.0 

3.3 
0.0 

4.9 
1.4 

6.6 
2.6 

12.9 
3.6 

16.2 
4.4 

17.7 
4.9 

18.5 
4.9 

19.3 
5.3 

19.6 
5.3 

19.7 
5.3 

19.7 
5.3 

19.7 
5.3 

bl9 infection Unadjusted SS 
SC 

0.0 
0.0 

0.2 
0.0 

0.6 
0.0 

1.0 
0.2 

1.5 
0.3 

3.8 
0.6 

5.5 
0.9 

6.5 
1.1 

7.2 
1.1 

7.8 
1.3 

8.1 
1.3 

8.2 
1.3 

8.2 
1.3 

8.2 
1.3 

Stroke 
Adjusted SS 

SC 
0.0 
0.0 

0.6 
0.0 

0.7 
0.0 

1.3 
0.0 

1.7 
0.0 

4.3 
0.4 

6.3 
0.4 

6.8 
0.4 

7.5 
0.7 

7.8 
0.7 

8.4 
1.1 

8.6 
1.1 

9.7 
2.0 

21.0 
10.2 Stroke 

Unadjusted SS 
SC 

0.0 
0.0 

0.1 
0.0 

0.1 
0.0 

0.3 
0.0 

0.4 
0.0 

1.3 
0.1 

2.2 
0.1 

2.5 
0.1 

3.1 
0.2 

3.4 
0.2 

3.9 
0.5 

4.0 
0.5 

5.0 
1.1 

15.0 
6.5 

Acute chest Adjusted SS 
SC 

4.8 
4.8 

12.5 
19.6 

21.9 
22.9 

28.5 
2&2 

33.8 
30.0 

45.5 
38.6 

50.0 
41.9 

53.1 
44.0 

56.7 
45.4 

5&5 
46.6 

6L8 
47.9 

63.9 
4&5 

67.5 
53.2 

72.9 
6&3 

syndrome Unadjusted SS 
SC 

0.3 
0.2 

1.5 
0.3 

3.5 
0.8 

5.6 
1.6 

7.4 
3.5 

14.7 
11.4 

21.2 
1&8 

29.0 
25.1 

40.7 
32 2 

50.4 
3&1 

56.6 
42.9 

61.4 
45.2 

67.2 
5&8 

7&2 
6&8 

Painful Crisis Adjusted SS 
SC 

9.0 
24.3 

25.5 
2&4 

37.8 
36.4 

47.6 
50.4 

55.3 
63.6 

72.1 
86.4 

81.5 
9&5 

87^ 
95.5 

92.3 
97.3 

95.1 
9&2 

96.7 
98.8 

97.5 
99.1 

98.7 
99.6 

99.6 
99.9 

(mild and severe) Unadjusted SS 
SC 

0.6 
0.3 

3.2 
0.6 

6.2 
1.5 

9.3 
3.7 

12.4 
6.5 

22.7 
18.8 

33.1 
2&5 

45.2 
39.3 

5&3 
48.7 

68.0 
56.7 

75.1 
63.9 

79.5 
6&9 

8&9 
78.3 

94.6 
91.3 

Painful Crisis Adjusted SS 
SC 

3.4 
11.7 

11.8 
13.2 

20.9 
17.9 

28.3 
24.4 

33.9 
36.2 

49.6 
60.4 

58.6 
70.9 

65.9 
76.9 

74jl 
82.1 

8&3 
8&3 

83.8 
87.4 

86.2 
88.3 

8&9 
91.0 

9&2 
94.5 

(severe only) Unadjusted SS 0.3 1.5 3.5 5.6 7.4 14.7 21.2 29.0 40.7 50.4 56.6 61.4 67.2 75.2 (severe only) Unadjusted SC 0.2 0.3 0.8 1.6 3.5 11.4 1&8 25.1 32.2 38.1 42.9 45.2 52.8 6&8 

Priapism Adjusted SS 
SC 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.2 
0.0 

2.7 
0.0 

6.6 
1.1 

11.2 
1.7 

20.9 
5.2 

30.0 
8.5 

33.6 
10.4 

36.4 
11.7 

40.3 
14.5 

42.3 
20.2 Priapism 

Unadjusted SS 
SC 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.1 
0.0 

1.0 
0.0 

3.0 
0.4 

5.6 
0.7 

12.6 
2.3 

19.9 
4.0 

23.1 
5.2 

25.7 
6.0 

29.3 
7.8 

31.2 
11.2 



Table 6.7. 

Cumulative proportion of clinic members with each chronic clinical event (unadjusted and with an adjustment for late-entry bias) by genotype 

(4207 members with SS disease and 1567 members with SC disease) and by age in years. 

Age (in years) 
Event Genotype 1 2 3 4 5 10 15 20 25 30 35 40 50 70 

Chronic events 

Adjusted SS 2.4 7.3 10.5 13.0 14.7 18.0 19.7 20.1 20.3 20.5 21.0 21.0 21.2 22.1 

Hypersplenism 
Adjusted 

SC 0.0 0.0 0.8 0.8 0.8 1.9 3.5 4.4 4.9 5.6 6.0 6.6 8.4 8.4 Hypersplenism 
Unadjusted SS 0.2 0.9 1.6 2.3 2.8 4.1 5.0 5.3 5.4 5.7 6.1 6.1 6.3 7.2 Unadjusted SC 0.0 0.0 0.1 0.1 0.1 0.3 0.9 1.2 1.5 1.9 2.1 2.5 3.6 3.6 

Adjusted SS 0.0 0.0 0.0 0.0 0.0 0.7 1.7 4.5 7.7 11.3 13.5 17.1 21.2 31.9 

Gallstones 
Adjusted SC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 2.7 3.9 5.5 10.8 Gallstones 

Unadjusted SS 0.0 0.0 0.0 0.0 0.0 0.2 0.8 2.5 4.8 7.7 9.5 12.5 16.1 25.7 Unadjusted SC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.6 2.4 3.3 7.0 

Adjusted SS 0.0 0.2 0.6 0.9 1.0 5.0 13.7 36.8 53.3 63.2 71.4 77.4 8&4 95.5 

Leg-ulceration 
Adjusted SC 0.0 0.0 0.0 0.7 0.7 1.7 3.6 8.8 12.9 15.3 17.6 20.9 32.6 47.2 Leg-ulceration 

Unadjusted SS 0.0 0.0 0.1 0.2 0.2 1.7 6.0 21.4 34.8 44.2 53.0 60.0 70.7 &A2 Unadjusted SC 0.0 0.0 0.0 0.1 0.1 0.3 1.0 3.3 5.3 6.7 8.2 10.5 18.5 30.5 

Adjusted SS 0.0 0.0 0.0 0.0 0.0 0.6 1.6 4.4 7.6 11.0 13.1 16.0 20.1 29.4 
Proliferative Adjusted SC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 2.3 3.5 5.1 10.4 

sickle retinopathy Unadjusted SS 
SC 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

0.2 
0.0 

0.7 
0.0 

2.5 
0.0 

4.8 
0.0 

7.5 
0.4 

9.2 
1.4 

11.6 
2.1 

15.2 
3.0 

2&6 
6.7 

Adjusted SS 1.7 4.6 9.8 13.4 15.3 23.0 2&4 3&5 39.5 45.3 49.7 53.4 60.0 64.6 

Osteonecrosis 
Adjusted 

SC 0.0 0.0 0.9 3.7 5.8 18.0 25.4 30.1 34.4 40.6 4&3 46.1 49.4 54.1 Osteonecrosis 
Unadjusted SS 0.1 0.6 1.7 2.6 3.2 6.3 9.3 13.2 18.7 24.5 29.2 33.2 40.8 46.5 Unadjusted 

SC 0.0 0.0 0.1 0.4 0.7 3.5 6.4 8.8 11.4 15.7 18.0 20.5 2&5 28.2 

Adjusted SS 0.8 2.9 6.4 8.6 11.1 19.9 24.7 27a 30.7 34.4 37.2 39.6 47.4 72.7 

Hepatomegaly 
Adjusted SC 0.0 0.0 0.0 0.0 0.0 0.8 1.4 2.5 2.8 3.4 3.9 4.5 6.3 9.0 Hepatomegaly 

Unadjusted SS 0.1 0.4 1.1 1.7 2.4 5.8 8.3 10.5 13.0 16.5 19.3 21.6 29.9 58.6 
Unadjusted SC 0.0 0.0 0.0 0.0 0.0 0.2 0.4 0.8 1.0 1.3 1.6 2.0 3.1 5.0 
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Figure 6.2 

Time until first instance of seven high incidence clinical events (figures A - G) among 

(I) JSSCD members and (II) clinic members. 
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Leg Ulceration in SS disease 

The crude first-event incidence rate of leg ulceration among JSSCD participants with SS 

disease was 3.8 per 100 patient years (2.1 to 7.5), with a peak incidence of 13.1 per 100 

patient years (5.4 to 15.8) in adolescents between 18 and 19 years old (Table 6.1). 

Approximately half of all SS participants had experienced one or more leg ulcers by 25 years 

of age. Compared to SC disease, the proportion affected was 1.5 times (or 50%) higher in SS 

disease (Table 6.5 and Figure 6.2el). 
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Figure 6.3 

Time until first instance of five medium incidence clinical events (figures A - E) among 

(I) JSSCD members and (II) clinic members. 
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6.3.3 The third decade: Early Adulthood 

The manifestations of adolescence continue into early adulthood, generally becoming more 

frequent into the middle of the third decade. Additionally, complications surrounding 

pregnancy becomes an issue for the female with sickle-cell disease (see Chapter Nine, case 

study 18). The cumulative effect of bone infarction can lead to loss of joint function. The 

affected joint (usually the hip) may need replacement (22). Proliferative sickle retinopathy, 

another complication that is infrequently encountered in adolescence increases in incidence 

during early adulthood. 

Proliferative Sickle Retinopathy in SS disease 

The crude first-event incidence rate of PSR among JSSCD participants with SS disease was 

0.5 per 100 patient years (0.3 to 0.8), with a peak incidence of 5.2 per 100 patient years (2.0 

to 17.8) in adults between 22 and 23 years old (Table 6.1). Approximately 10% of all SS 

participants had experienced PSR by 25 years of age. Compared to SC disease, the crude 

event rate was 4 times lower in SS disease (Table 6.5 and Figure 6.3dl). 

6.3.4 Older adults 

No data are available from the JSSCD beyond the third decade of life. Studies involving 

clinic populations in Jamaica and elsewhere suggest that painful crises and leg ulceration 

become less frequent and less severe with advancing age, and are uncommon over the age of 

40 years (23-25). Cerebrovascular disease re-emerges in later life (26), and chronic renal 

failure and congestive heart failure are likely to increase with age (27;28). 
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Figure 6.4 

Time until first instance of three low incidence clinical events (figures A - C) among 

(I) JSSCD members and (II) clinic members. 
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Table 6.8. 

Gender difference in the incidence of seven acute clinical events among 315 JSSCD participants with homozygous sickle-cell disease. 

Observed 

Event RR Chi 2 Pr 
FDR critical 

p-value 

Resampling (1000 bootstrapped samples) 

95% CI % 
Pr(0.05)* 

% 
Pr(FWER)** 

% 
Pr(FDR) 

Acute events 

Dactylitis 1.56 20.42 <0.001 0.002 (1.3 - 1.9) 9&5 93.7 9&7 

Acute splenic Sequestration 1.04 0.07 0.80 0.045 (0.79 - 1.42) 6.3 0.3 5.5 

Bacteraemia 0.78 1.09 0.30 0.03 (0.48 - 1.23) 16.5 2.1 11.6 

Aplastic crisis / bl9 infection 1.09 0^2 0.57 0.039 (0.79 - 1.47) 8.8 0.6 7.3 

Stroke 1.79 2^5 0.10 0.016 (0.84 - &84) 3&9 6.4 23.1 

Acute chest syndrome 1.33 9.80 <0.001 0.005 (1.11 -- 1.6) 87.7 52.5 6&6 

Painful Crisis (all) 0.98 0.37 0.54 0.034 (0.91 - 1.06) 8.8 0.8 6.8 

Painful Crisis (severe) 1.17 5.21 0.02 0.011 (1.03 - 1.35) 62.6 19.9 3&2 

* Uncorrected critical P-value 
** PWER = 0.002 

0.05 



Table 6.9. 

Gender difference in the proportion of study participants who have one of seven acute or six chronic clinical events among 315 JSSCD participants with homozygous 

sickle-cell disease. 

Observed Resampling (1000 bootstrapped samples) 

Event M F CM 2 Pr 
r ĵ jx cntiucu 

P-value 95% CI % 
Pr(0.05)* 

% 
Pr(FWER)** 

% 
Pr(FDR) 

Acute events 

Dactyhtis 0.58 0.42 8.42 0.004 0.007 (1.07-1.81) 8&5 4&8 5&8 

Acute splenic sequestration 0.36 0.35 0.02 0.90 0.05 (0.74 - 1.37) 4.5 0.2 4.5 

Bacteraemia 0.18 0.17 0.10 0.76 0.043 (0.69 - 1.86) 6.5 0.2 5.7 

Aplastic crisis / bl9 infection 0.36 0.29 1.92 0.17 0.023 (0.9 - 1.77) 27.2 4.9 18.4 

Stroke 0.10 0.07 1.08 0.30 0.032 (0.65 - 3.36) 16.7 1.2 12.9 

Acute chest syndrome 0.65 0.57 2.05 0.15 0.02 (0.96 - 1.36) 32.5 5.1 21.8 

Painful Crisis (all) 0.85 0.80 1.41 0.24 0.027 (0.96 - 1.18) 22.2 2.5 15.3 

Painful Crisis (severe) 0.54 0.57 0.22 0.64 0.041 (0.78 - 1.17) 9.4 0.6 7.6 

Chronic events 

Hypersplenism 0.19 0.17 0.35 0.55 0.036 (0.68 - 1.89) 9.5 0.7 7.0 

Gallstones 0.28 0.29 0.04 0.85 0.048 (0.7 - 1.32) 5.9 0.2 5.3 

Leg-ulceration 0.32 0.26 1.53 0.22 0.025 (0.88 - 1.81) 2&9 3.6 15.0 

PSR 0.17 0.12 2.21 0.14 0.018 (0.86 - 2.45) 3L2 5.0 17.2 

Osteonecrosis 0.51 0.38 &26 0.02 0.014 (1.05 - 1.78) 63.4 20.9 41.8 

Hepatomegaly 0.28 0.15 8.11 0.004 0.009 (1.21 - 3.09) 87.7 39.8 60.6 

* Uncorrected critical P-value = 
** FWER = 0.002 

0.05 
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Figure 6.5 

Gender-specific incidence of eight acute clinical events among 315 JSSCD members 

with homozygous sickle-cell disease. 
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6.3.5 Gender differences 

Generally, gender differences were minor; most events had similar gender-specific incidence 

rates and similar proportions of affected men and women. Dactyhtis emerged as the single 

consistent gender-specific clinical complication: there was a greater incidence of dactylitis 

events among men (relative risk=1.6, 20.4, Pr<0.001), and a greater proportion of men 

were diagnosed with the comphcation (men=58% women=42%, %^=8.4, Pr=0.004). Similar 

proportions of men and women were diagnosed with the acute chest syndrome (men=65% 

women—57%, =2.1, Pr=0.15), but men presented with more events (relative risk=1.3, 

X^=9.8, Pr<0.001). A greater proportion of men presented with hepatomengaly (men=28% 

women=15%, x^=8.1, Pr=0.004). Although there was a greater incidence of severe painful 

crisis in men, this effect was not statistically significant after adjustment for multiple testing 

(relative risk=1.2, =5.2, Pr=0.02). 

Inclusion proportions suggested that dactylitis incidence was the single robust gender 

difference (significant in 93.7% of 1000 bootstrapped datasets). ACS incidence, and the 

proportion of participants affected by dactylitis and hepatomegaly were all significant in 

about 60% of the bootstrapped datasets (ACS incidence 62.6%, dactylitis proportion 59.8%, 

hepatomegaly proportion 60.6%). All other clinical events were statistically significant in 

40% or fewer of the bootstrapped datasets. 

Table 6.10. 

Bias by clinical event among 315 JSSCD members with SS disease followed until 25-years of age 

Event Unadjusted Adjusted 

5 years 10 years 25 years 5 years 10 years 25 years 

Acute events 

Dactylitis 6.49 6.49 &25 0.99 1.03 1.03 

Acute splenic sequestration 12.06 10.61 9.28 IjW 1.79 1.74 

Bacteraemia 1&22 15.22 9.97 3^0 3^5 3.11 

Aplastic crisis / bl9 infection 7.60 7.27 5.75 1.81 2J8 2j3 

Stroke 4jW 4.19 3.62 1.08 1.32 1.50 

Acute chest syndrome 6^5 4.92 2.96 1.38 1.36 1.20 

Painful crisis (mild and severe) 4jW &27 1.73 1.01 1.06 1.07 

Painful crisis (severe only) 2.56 L83 0.61 0.77 1.02 

Priapism 14.34 2.79 &32 4.49 1.03 2.04 

Chronic events 

Hypersplenism 4.44 3.72 1.17 1.03 0.99 

Gallstones - 3&64 4^8 - 12.73 3.08 

Leg-ulceration - 1.71 1.41 - 0.60 0.93 

Proliferative sickle retinopathy 25.65 1&32 5.23 7.08 5.51 3.33 

Osteonecrosis 7.99 6.17 &86 1.74 1.72 138 

Hepatomegaly 1.54 2.64 2.29 0.36 0.79 0.99 
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6.3.6 Late-entry Bias 

At any age, the chnic study group has a lower cumulative proportion of each clinical event 

compared to the JSSCD (see Figure 6.6 a-o). By 25 years of age the unadjusted cumulative 

proportions were 1.5-times lower or 67% of the JSSCD proportion for leg ulcers, one-half or 

50% of the JSSCD rate for all-painful crises, severe painful crises and hepatomegaly, one-

third or 33% of the JSSCD rate for ACS, stroke, priapism, hypersplenism, and osteonecrosis, 

one-fifth or 20% of the JSSCD rate for gallstones and proliferative sickle retinopathy, one-

sixth or 17% of the JSSCD rate for dactylitis and the aplastic crisis, one-ninth or 11% of the 

JSSCD rate for acute splenic sequestration, and one-tenth or 10% of the JSSCD rate for 

bacteraemias (Table 6.10). 

The accepted statistical adjustment (Method One) generally reduced these levels of bias. It 

rarely eliminated bias throughout the age-range, although its performance improved with 

age. By 25-years of age cumulative proportions of selected clinical events were almost bias 

free for dactylitis, the painful crisis, hypersplenism, leg ulcers, and hepatomegaly. 

Cumulative proportions were 1.2 times lower or 83% of the JSSCD rate for ACS, 1.4 times 

lower or 71% of the JSSCD rate for osteonecrosis, 1.5 times lower or 67% of the JSSCD rate 

for stroke, 1.8 times lower or 56% of the JSSCD rate for acute splenic sequestration, one-half 

or 50% of the JSSCD rate for priapism and the aplastic crisis, one-third or 33% of the 

JSSCD rate for bacteraemias, gallstones, and proliferative sickle retinopathy. 

Based on these adjustments we anecdotally classify the clinical event adjustments into four 

groups. Groups one and two are overestimated by Method One in early life, and converge 

towards a bias-free adjustment with increasing age. By adulthood. Method One is an 

acceptable adjustment for these two groups. Groups three and four remain underestimated 

by this adjustment procedure throughout the age range of this review. The adjustment is 

adequate for clinical events that are common acute events or chronic events, that are not life 

threatening and that can be diagnosed without referral to a specialist. 

Table 6.11. 

Four groups of clinical events according to the success of adjusting for late-entry bias 

Group One 
Common acute event / not life threatening / 
diagnosis by clinician 

dactylitis 
painful crisis 

Group Two Chronic event / not life threatening / 
diagnosis by clinician 

hypersplenism 
hepatomegaly 
leg ulceration 

Group Three Chronic event / not life threatening / 
diagnosis by specialist 

gallstones 
proliferative sickle retinopathy 
osteonecrosis 
acute chest syndrome 
stroke 

Group Four Acute event / life-threatening acute splenic sequestration 
priapism 
the aplastic crisis 
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Figure 6.6 

Bias introduced by clinical event and age among 315 JSSCD members with SS disease. 
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6.3.1 Life-course epidemiology in homozygous sickle-cell disease 

Chnical outcomes in sickle-cell disease are characterised by strong age-related influences. 

Despite this fundamental feature, studies involving people with SS-disease are rarely 

longitudinal. Studies that do incorporate time invariably focus on one particular clinical 

outcome, or specific predictors, and so compartmentalise the disease process. Birth cohorts 

allow us to take a more holistic approach to clinical outcomes, and the methodologies that 

promote this approach have become known as life-course epidemiology. 

Life-course epidemiology attempts to integrate clinical, biological and social risk processes 

rather than draw false dichotomies between them. It studies how prior exposures influence 

later disease risk, and hence may account for inequalities in adult health and mortality. 

The purpose of life-course epidemiology is to build and test theoretical models that postulate 

pathways linking exposures across the life course to later life health outcomes (29). These 

models explicitly require the temporal ordering of exposures and their inter-relationships. 

The development of these models in life course epidemiology provides a persuasive rationale 

for time related study designs. It has led to a growing interest in existing and new 

longitudinal studies that capture certain time windows or other potentially significant 

features of the life course (30;31) They include new birth cohorts (32;33) and the 

revitalisation of old historical cohorts (34). 

In the following section we offer a clinical case-study of early-life growth and its relationship 

with later clinical morbidity. It provides an early example of life-course epidemiology in 

sickle-cell disease. 

(a) Case study 4-' Growth in homozygous sickle-cell disease 

Pathology in SS disease emerges after birth; symptoms rarely occur before six-months of age 

(see Section 6.3.1(b)). Birth-weight in babies with SS disease is normal (35), and birth-

weight and length at one month of age are similar in SS disease and AA controls in the 

JSSCD. The average weight in SS disease is reduced in adults (36), and a weight deficit has 

been documented in the second year of life (37). Height is reduced in childhood in SS 

children (38), but early information from Jamaica suggests that adult height in SS disease 

may reach that of normal controls (39). More retardation in weight means a thinner body 

build, which we generally measure using body mass index. 

We are interested in the association between growth and disease expression, although the 

direction of any anticipated effect is unclear (is growth retardation a feature of pre-

programmed disease severity that also manifests as greater levels of disease morbidity, or 

does morbidity cause wasting - if a child eats less during periods of morbidity then more 

morbid periods mean a lower energy intake). 
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Growth retardation in infancy means that if a search for predictors of this delay is sensible, 

the potential predictors must also be available in infancy or earlier. This creates difficulties 

for the analyst. Additionally, there is currently no procedure for assessing what we might 

anecdotally call 'health status' in sickle-cell disease (see Chapters 7 and 8). Common clinical 

proxies (such as painful crisis frequency) for health-status are rarely apparent in analysable 

numbers before the second year of life (dactylitis frequency is a possible exception). More 

importantly, most clinical events are acute and strongly age-dependent, which complicates 

their use as predictors of a continuous phenomenon such as growth. 

We examine the size of SS participants relative to AA controls from the same study, and to 

a reference population from the United States. We examine the length of time that SS 

participants remain 'wasted'. We present the predictive effect of a genetically determined 

haematological index on wasting, and the effect of wasting on two proxy measures of health-

status (the painful crisis and all vaso-occlusive events), and on a measure of inflammatory 

response (white blood cell count). 

Patients and methods 

From the J8SCD, four AA classifications were subsequently found to be AS trait, and four 

SS participants defaulted without a single clinic attendance, leaving 311 SS and 246 AA 

controls (40). Reference population information is available from two-years of age. Twenty-

six SS cohort members died and one emigrated before two years of age, and five defaulted 

without presenting to clinic, leaving 283 SS participants available for this review. Twenty 

A A controls died or emigrated before two years of age, and a further 5 provided inadequate 

height or weight information, leaving 221 participants available for this review. 

Meagnrea o/waatmg 

BMI is a recognised measure of adiposity in adults. Because BMI in children changes as they 

age, the equivalent measure in childhood is BMI-for-age. We calculated BMI-for-age at six-

month intervals between two and 18 years of age, and calculated weight-for-age and height-

for-age in the same way. We standardized our age-stratified BMI values on a reference 

population using the LMS method (41). An adult with a BMI below 18.5 is classified as 

underweight by the Center for Disease Control (CDC). This roughly equates to the 3rd 

BMI-for-age centile in males and the 10th BMI-for-age centile in females. An alternative 

underweight classification from the WHO suggests the 5th BMI-for-age centile in males and 

females. 

re/erence popuWzon 

We adopted the Center for Disease Control childhood growth reference charts for BMI-for-

age, which were constructed using a US population (NHANES). This standard may not be 
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appropriate for the general Jamaican population, and we included A A controls from the 

JSSCD to assess this potential bias. 

Statistical methods 

We standardized three common measures of childhood growth (Weight-for-age, Height-for-

age, and BMI-for-age) using a reference population, to give standardized scores (SD-scores). 

As an initial summary, we calculated average SD-scores between two and 18 years of age for 

participants with homozygous sickle-cell (SS) disease, and for normal (AA) controls. We 

plotted the distribution of these summary scores by genotype, and we tested for genotype 

differences using a t-test. We converted these SD-scores to centiles and graphed average 

growth for each genotype, including the 5th, 25th, 50th, and 75th reference centiles from the 

US population. 

We used the 5th BMI-for-age centile as the definition of underweight, and compared JSSCD 

participants who had ever been below that centile to those who had not. We used logistic 

regression to examine the potential effect of genotype, gender, and a single (possibly 

genetically determined) measure of haematology - fetal haemoglobin. 

Among SS participants, we used BMI-for-age (as an SD-score) to model the effects of growth 

on three outcome measures, two clinical and one haematological. Painful crisis is the most 

common acute expression of morbidity in sickle-cell disease, and we used the cumulative 

count of painful crisis events by 10-years of age as a proxy for health-status in pre-pubertal 

children with sickle-cell disease. We used the combined number of vaso-occlusive events as a 

second marker of general 'health-status'. We included painful crises, dactylitis events, 

abdominal crises, acute chest syndrome events, and strokes in this summary measure. Clinic 

presentations less than 14 days apart were arbitrarily considered realizations of the same 

underlying pathology. We used the average of steady-state white blood cell counts measured 

between 10 and 18 years of age as a measure of inflammatory response in childhood and 

adolescence. We used log-linear regression to model the painful crisis and vaso-occlusive 

event rates, and linear regression to model the white blood cell count. 

We used BMI SD-scores in early childhood (at two-years of age) and later childhood (at 

eight-years of age) as model predictors, and fitted four models, following recent guidelines 

(42). Model one (early model) used BMI in early childhood and assessed the effect of early 

size on later outcome. Model two (combined model) included early and later size and 

assessed the effect of age-related changes in body size on outcome (in other words it assessed 

centile crossing). Model three (interaction model) added the interaction of early and later 

size to the model and assessed whether centile crossing varied according to early size (for 

example, were extreme sizes in early life more likely to cross centiles). Model four (late 

model) used BMI in later childhood and assessed the effect of later size on outcome. 



Chapter Six Describing clinical events 6.35 

Results 

Average 

Average growth measures (BMI-for-age, weight-for-age, height-for-age) between two and 18 

years of age are presented in Table 6.12 and in Figure 6.7. 

Table 6.12. 

Summary measures of childhood growth between 2 and 18 years of age in 

283 JSSCD participants with SS disease, and in 221 AA controls. 

SS AA 

Mean z-score Meaii centile Mean z-score Mean centile 

(95% CI) (95% CI) (95% CI) (95% CI) 

Men (SS n=149, AA n=101) 

Weight-for-age -1.52 (-1.68 to -1.36) 13.7 (11.1 to 16.2) -0.95 (-1.13 to -0.76) 24.1 (20.0 to 28.2) 

Height-for-age -1.12 (-1.26 to -0.98) 15.8 (12.6 to 19.1) -0.61 (-0.79 to-0.44) 27.7 (22.8 to 32.6) 

BMI-for-age -1.13 (-1.27 to -0.98) 18.9 (14.9 to 22.8) -0.83 (-1.00 to -̂ ).67) 25.2 (20.8 to 29.5) 

Women (SS n=128, AA n=114) 

Weight-for-age -1.52 (-1.70 to rl.34) 13.4 (10.5 to 16.2) -0.84 (-1.02 to -0.66) 27.4 (22.7 to 32.0) 

Height-for-age -0.84 (-1.01 to -0.67) 20.3 (15.6 to 25.0) -0.33 (-0.52 to -0.15) 34.8 (29.2 to 40.4) 

BMI-for-age -1.41 (-1.60 to -1.23) 15.5 (11.9 to 19.0) -0.87 (-1.05 to -0.69) 27.1 (22.5 to 31.7) 

Between two and 18 years of age SS and AA participants have lower average levels of 

weight, height, and BMI than the US reference population. Wi th in the JSSCD, genotype 

differences are important for both males and females. SS part icipants had significantly lower 

height-for-age, weight-for-age, and BMI-for-age than AA controls [Males: weight difference -

0.6 (95% CI -0.8 to -0.3), height difference -0.4 (-0.7 to -0.2), BMI difference -0.3 (-0.5 to -

0.1). Females: weight difference -0.6 (-0.9 to -0.4), height difference -0.5 (-0.7 to -0.2), BMI 

difference -0.4 (-0.7 to -0.2)]. Associated P-values were significant at levels below 0.001. 

Gentile distributions of weight-for-age, height-for-age, and BMI-for-age are presented in 

Figure 6.8. When interpreting these charts we should be aware tha t average curves may not 

reflect the growth profile of any given individual. SS and AA members of the JSSCD were 

small in early-life compared to their US counterparts. AA females crossed centiles towards 

the median centile in adolescence, and AA males cross centiles towards the 25th centile. SS 

males remained wasted using any size measure in relation to the AA controls and the US 

population. SS females remained wasted using weight and BMI compared to AA controls 

and the US population, and reached the median height centile in later adolescence. 
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Figure 6.7 

Distribution of childhood growth between 2 and 18 years of age in 280 JSSCD participants with SS 

disease, and in 221 AA controls. 
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Using the CDC definition of underweight in adults, there were 109 (72%) SS males, and 110 

(85%) SS females who were underweight at some point, with signiGcantly more underweight 

females than males (x2=10.6 p=0.001). Using the alternative W H O definition there were 

similar numbers of underweight males and females: 120 (79%) SS males and 100 (78%) SS 

females (x2=1.0 p=0.33). The numbers of cohort members below the 3rd, 5th, and 10th 

centiles, and the proportion of their measurements that are classified as wasted are presented 

separately for males and females in Table 6.13. 
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geTicfer azicf Aoema^oZog;/ oa jeaoiptora o/ 

The odds of being wasted waa three times greater in SS compared to AA individuals (odds 

ratio=3.1, p<0.001), with no gender diSerence (0R=1.2 p=0.33). The odds of being 

underweight decreased as fetal haemoglobin increased (OR=0.9 p<0.001 for every 1% 

increase in HbF). 

Table 6.13. 

Number of JSSCD participants below the 3rd, 5th amd 10th CDC BMI-for-age reference centiles 

between the ages of two and 18, by genotype and gender. 

Number (%) with proportion 
Gentile of time below centile 

centile (%) 
0.1 to 0.24 0.25 to 0.49 0.50 to 0.74 0.75 to 1 

SS Men (n=151) 

3rd 109 (72) 29 (19) 33 (22) 27 (18) 20 (13) 

5th 120 (79) 29 (19) 32 (21) 31 (21) 28 (19) 

10th 128 (85) 21 (14) 17 (11) 34 (23) 56 (37) 

AA Men (n=103) 

3rd 48 (47) 30 (29) 6(6) 7(7) 5(5) 

5th 57 (55) 28 (27) 8(8) 11 (11) 10 (10) 

10th 75 (73) 25 (24) 18 (17) 14 (14) 18 (17) 

SS Women (n=129) 

3rd 95 (74) 32 (25) 21 (16) 22 (17) 20 (16) 

5th 100 (78) 27 (21) 13 (10) 33 (26) 27 (21) 

10th 110 (85) 17 (13) 15 (12) 23 (18) 55 (43) 

AA Women (n=118) 

3rd 49 (42) 28 (24) 7(6) 9 (8) 5(4) 

5th 62 (53) 33 (28) 11 (9) 8 (7) 10 (8) 

10th 76 (64) 31 (26) 18 (15) 12 (10) 15 (13) 
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Figure 6.8 

Age-specific childhood growth between 2 and 18 years of age in 280 JSSCD participants with SS 

disease, and in 221 AA controls, with added CDC reference centiles 

o 

80 

70 

60 
50 

40 

30 

20 

10 

0 

(a) Weight-for-age: men 

• SS genotype AA genotype CDC ref 

50 100 150 200 

80 

70-

60-

50 

40 

30-

20-

10 

0-1 

(b) Weight-for-age; women 

SS genotype - AA genotype 

50 100 150 

CDC ref 

200 

I z 
D5 
0) 
X 

CO 

(c) Height-for-age: men 

SS genotype CDC ref AA genotype 

50 100 150 200 

(e) BMI-for-age; men 

SS genotype - AA genotype - CDC ref 

24 

22 -

20 

18 

16 

14 

124 
100 150 

(d) Height-for-age: women 

• SS genotype AA genotype CDC ref 

24-r 

22j 

204 

i s j . 

16-1 

14-1 

200 

Age (in months) 

50 100 150 200 

(f) BMI-for-age: women 

SS genotype - AA genotype — - - CDC ref 

50 100 150 200 

The number of painful crisis events were negatively related to size in early childhood - a 

unit increase in the BMI SD-score at two-years of age was associated with a 13% decrease in 

the number of painful crises over the 10-year period. There was a similar negative effect later 

in childhood - a unit increase in the BMI SD-score at eight-years of age was associated with 

a 21% decrease in the number of painful crises over the 10-year period. The number of 

painful crisis events were unrelated to BMI centile crossing (combined model), and there was 
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little difference in the amount of BMI centile crossing baaed on early size (interaction 

model). 

.Regreaazon om woao-occ/wawe 

There were 1729 vaso-occlusive events among the SS participants by 10-years of age. This 

total comprised 391 (23%) dactylitis events, 672 (39%) mild painful crises, 196 (11%) severe 

painful crises, 76 (4%) abdominal painful crises, 21 (1%) strokes, and 373 (22%) ACS events. 

The effect of BMI-for-age on this summary measure of vaso-occlusive events was similar to 

results for our painful crisis outcome. Percentage decreases in outcome for unit BMI 

increases were marginally smaller, but these changes remained strongly statistically 

significant. 

Although increasing size in children tended to be associated with reduced white cell count in 

later life, these effects were not statistically important. 

Table 6.14. 

Regression models investigating the effects of size in childhood on clinical and haematological 

outcomes among JSSCD participants with homozygous sickle-cell disease* 

Outcome BMI (SD-score) 2 years X 8 years 

2 years 8 years 

Painful crisis 

Early -0.13 (-0.20 to -0.06) - -

Later -0.21 (-0.27 to -0.14) - -

Combined 0.01 (-0.08 to 0.10) -0.21 (-0.29 to -0.12) -

Interaction 0.01 (-0.14 to 0.16) -0.21 (-0.31 to -0.10) 0.002 (-0.056 to 0.062) 

Vaso-occlusive events 

Early -0.10 (-0.15 to -0.04) - -

Later -0.17 (-0.22 to -0.12) - -

Combined 0.02 (-0.05 to 0.08) -0.18 (-0.24 to -0.11) -

Interaction 0.04 (-0.07 to 0.15) -0.17 (-0.24 to -0. 09) 0.01 (-0.03 to 0.05) 

White blood cell 

Early -0.29 (-0.71 to 0.13) - -

Later -0.32 (-0.72 to 0.08) - -

Combined -0.14 (-0.67 to 0.38) -0.24 (-0.73 to 0.26) -

Interaction -0.59 (-1.42 to 0.25) -0.46 (-1.06 to 0.13) -0.25 (-0.61 to 0.11) 

*A11 models adjusted for gender and for early dropout 
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6.3.8 Mortality 

In the 27-year period to 31 December 1999 there were 84 deaths among JSSCD participants 

with SS or SC disease (75 with SS disease, 9 with SC disease). Principle causes of death were 

restricted to the acute chest syndrome (21% of all deaths), septicaemia/meningitis (20%), 

acute splenic sequestration (14%), stroke (12%), gastroenteritis (8%), and the aplastic crisis 

(2%), (Table 6.15). Other causes of death (11% of all deaths) included 1 from chronic renal 

failure, 1 portal vein thrombosis, 2 motor vehicle accidents, 1 death from substance abuse, 2 

from pregnancy-related complications, and 2 from stab wounds. Septicaemia / meningitis 

deaths are categorised by organism (pneumococcus, salmonella, and unknown). 

The cause of nine deaths (11%) was unknown. 

Table 6.15. 

Number of deaths among JSSCD participants with SS or SC disease, 

by cause of death, gender, genotype, and gender. 

Cause of death 
SS disease SC disease Cause of death 

Men Women Men Women 
Septicaemia / meningitis 8 9 0 0 

Pupiuutxroccal 4 2 
Snhnonella 2 2 

t n 1 
Lnknown oigauisin n i 

Acute chest syndrome 5 11 1 1 
Acute splenic sequestration 3 8 1 0 
Stroke 9 1 0 0 
Gastroeneritis 3 1 0 3 
Aplastic crisis 1 1 0 0 
Other 6 2 1 0 
Unknown 5 2 2 0 
Total 40 35 5 4 

Using the case-fatality rate to incorporate the underlying event rate, stroke carries the 

highest risk of death; around one-in-four of all JSSCD cases were fatal. One-in-five of all 

septicaemia / bacteraemia events were fatal, 6-in-lOO ASS events were fatal, 3-in-100 ACS 

events, 2-in-lOO aplastic crisis events, and 1-in-lOOO gastroeneritis events (Table 6.16). 

Table 6.16. 

Case-fatality rate among JSSCD participants with SS disease, by cause of death, and gender. 

Cause of death 
Case-fatality rate per 100 events 

(95% bootstrapped confidence interval) 
Men Women AH 

Septicaemia / meningitis 23.53 (11.76 • - 35.29) 23.68 (13.16 - 34.21) 23.61 (15.28 - 31.94) 

Acute chest syndrome 1.63 (0.65 - 2.94) 5.42 (2.96 - 7:88) 3.14 (1.96 . 4.51) 

Acute splenic sequestration 2.86 (0.05 - 5.71) 8.89 (4.44 - 14.44) 5.64 (3.08 - 8.21) 

Stroke 37.50 (20.83 - 54.17) 8.33 (0 - 25) 27.78 (16.68 - 38.89) 

Gastroeneritis 0.14 (0.05 - 0.28) 0.05 (0 - 0.1) 0.10 (0.02. . 0.17) 

Aplastic crisis 1.72 (0 - 5.17) 2.33 (0 - 6.98) 1.98 (0 - ' 4.95) 
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(̂ 6̂  perzod o/ enroZmen^ 

Survival was increased in JSSCD participants born in the second and third tertiles relative 

to the first tertile (Log-rank test=7.05 Pr=0.03). This difference was due entirely to many 

early-life deaths in the first tertile; the mortality trend among participants aged Hve-years 

and older was roughly equivalent in all tertiles (Figure 6.9a). This difference was also due 

entirely to females, and the reason for this is unknown (Figure 6.9b). Although there were 

excess females deaths in early life, higher male mortality in adolescence means that by the 

middle of the third decade survival rates in male and female part icipants were equivalent. 

The Government screening programme began in 1995 and by December 1999 115 

participants had been recruited). The oldest participants were four years old at the time of 

this investigation. There have been three deaths in this Government cohort to date. At this 

early stage, the survival rate was improved compared to all tertiles of the JSSCD (Log-rank 

test=7.78 Pr=0.005) (Figure 6.9a). 

Figure 6.9 

Survival of JSSCD participants with homozygous sickle-cell disease followed to 31st December 1999 

by period of enrolment and by gender 
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The log-rank test was used for all survival group comparisons. This test requires the 

proportional-hazards assumption, which we examined in Figure 6.10. We plotted the observed 
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Kaplan-Meier curves for each survival group and the Cox predicted curves for the same 

group. The closer the observed values were to the predicted, the less likely it was that the 

proportional hazards assumption had been violated. There was some mild deviation of 

predicted from observed in groups one and two, and for formal comparisons of survival 

across groups we presented an alternative to the log-rank test which is appropriate when 

hazard functions may be non-proportional Table 6.17. The log-rank and generalised Wilcoxon 

tests provide very close agreement, suggesting that the deviation from proportional hazards 

assumption was mild. 

Figure 6.10 

Survival of JSSCD participants with homozygous sickle-cell disease followed to 31st December 1999 

by period of enrolment and by gender 

JSSCD first third JSSCD second third 

I 
= & 

1.0 

0.9 

0.8 

0.7-

0.6 

1.0-

0.9-

0.8 

0.7-

0 . 6 - ' 

10 15 20 25 30 

JSSCD final third 

Observed probability 

Predicted probability 

0 5 10 15 20 25 30 

Age (in years) 

Table 6.17. 

Test of the equality of the survivor function of three birth groups from the JSSCD. 

Mortality by 14-years of age 

Test statistic (P-value) 

Mortality by 18-years of age 

Test statistic (P-value) 

Log-Rank Wilcoxon Log-Rank Wilcoxon 

Men 1.40 (0.50) 1.42 (0.49) 0.92 (0.63) 1.05 (0.59) 

Women 6.46 (0.04) 6.31 (0.04) 5.35 (0.07) 5.66 (0.06) 

All 7.05 (0.03) 7.18 (0.03) 4.79 (0.09) 5.53 (0.06) 
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6.3.9 Case study 5: Survival in homozygous sickle cell disease 

Information on survival in homozygous sickle cell (SS) disease is important in patient 

counselling, assessing adequacy of medical management, targeting clinical research, and in 

shaping the concept of clinical severity in SS disease. 

An investigation from the Cooperative Study for Sickle Cell Disease (CSSCD) among 2,412 

patients between 1978 and 1988 provided the first insight into life expectancy from birth, 

quoting median survival for this US-based population of 42 years for SS males and 48 years 

for SS females (2). With over 177 citations to date (Science Citation Index, March 01, 2000), 

these statistics have been embraced by the research community as a contemporary summary 

of clinical expression. 

Unbiased estimation of lifetime survival requires patient identification at birth, with 

prospective follow-up thereafter. Reliable neo-natal screening has only been available since 

the early 1970's however (43;44) and newborn cohorts can currently only provide survival 

experience to early adulthood (6;45). Clinically referred patients offer an alternative 

population, but have widely documented biases (46). If using such a population, careful 

consideration of data quality, and appropriate statistical analyses are required to increase 

the chance of valid and generalizable results. 

In a clinic-based SS population, a patient arrives to clinic after disease onset. This 

phenomenon is known as 'late-entry', and is quantified by the period between birth and 

clinic arrival (47;48). Alternatively, an SS patient may die before recruitment to study. 

Mortality in SS disease is increased in early life (12;49), with greatest mortality experienced 

between the ages of 6 months and 3 years (6;45;50) and the possibility of missing mortality, 

especially in early childhood, must be considered (51). Late-entry will impact on survival 

estimates if mortality rates for patients in and out of a study are different. Techniques to 

compensate for late-entry are applied during data analysis. 

Additionally, patients that have presented to clinic may subsequently stop attending before 

the end of a study. If the reasons for this default are related to the disease being studied, 

survival estimates are likely to be affected. Attempts to minimise default were made during 

data collection, with further consideration during data analysis. 

A formal study of life expectancy of Jamaican SS patients has not been done, although it has 

been known for many years that despite the burden of high early childhood mortality, 

survival beyond age 30 (52) or even 40 (28;53) was not uncommon. Data from a chnic-based 

patient population, and from a birth cohort are available in Jamaica, and lifetime survival is 

investigated using both these populations. 
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Patients diagnosed with SS disease defined by standard criteria (5), resident in Jamaica, who 

had attended one of the three study centres (Kingston, Montego Bay and Black River) (54) 

at least once between January 1, 1987 and December 31, 1996, were eligible for inclusion. A 

total of 3,301 patients were enrolled in study, of which 3,035 (91.9%) were enrolled in clinic 

following referral by hospitals, health centers or private physicians (97 before 6 months of 

age). The remaining 266 (8.1%) were diagnosed from neonatal screening between 1973 and 

1981 as part of the JSSCD, the details of which have been described in Chapter Two. 

Figure 6.11 

Age-specific mortality rates among clinic and JSSCD study participants. 
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Within the study window, entry to study was defined as the first clinic attendance, and the 

endpoint was death. Patients alive and resident in Jamaica a t their last visit to clinic within 

the study window and with no clinic visit on or after J anua ry 1, 1997 were initially 

considered defaulted. The post-study status of defaulted pat ients was investigated. Tracing 

strategies included questioning relatives, review of hospital dockets, letters, telephone calls, 

and home visits by staff members or local health workers. T h e status of traced patients was 

converted to alive, dead, or migrated. Deaths were actively t raced through hospital and civil 

death registries to obtain an exact date of death where possible. Dates of death or migration 

were recorded as the date of last clinic visit when unknown. Tracing of 1,007 defaulted 

patients proved successful in all but 32, confirming the status of 3,269 / 3,301 (99.0%) of the 

initial sample. Of the 975 traced patients 130 had emigrated within the study window, 85 

had died, and 760 were alive at the end of the study window. The exact date of death of 16 

/ 290 (5.5%) patients could not be established. 
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The JSSCD represents a birth cohort of 315 patients currently aged between 18 and 26 

years. Among non-emigrated SS patients (representing 84.4% of the original sample on 

January 1, 1997) complete mortality data are available. Annual mortality rates among the 

clinic-based patient population and among the JSSCD are presented in Figure 6.11. The 

JSSCD population confirms the period of increased mortality in early childhood and 

highlights an excess mortality rate compared to the clinic-based patients, which persists 

until early adulthood (figure one, regions A -|- C). This difference in mortality is likely to be 

the result of follow-up from birth among JSSCD participants and has been previously 

highlighted when examining the incidence of clinical events (see Section 6.3.6). An accepted 

statistical procedure attempts to adjust for this difference (14) but underestimates mortality 

in the first 10 years (Figure 6.11, region A), and overestimates mortality thereafter (Figure 

6.11, region B). Incorporation of the excess cohort mortality into the clinic-based population 

creates a new analysis dataset for which the assumption of comprehensive mortality 

information is appropriate. No statistical adjustment for late-entry bias is therefore 

necessary. 

Gender compositions for the complete sample, and for subgroups (alive, dead, migrated, and 

defaulted patients) are compared using an exact binomial test. Distributions of patient age 

at entry and length of follow-up are positively skewed and are summarized using robust 

measures: median, median absolute deviation (55), interquartile range, and range. Although 

less appropriate given this skewed characteristic, mean and standard deviation are also 

presented to allow comparison with published work (2). The excess cohort mortality rate in 

each year of life is converted to the expected number of unrecorded deaths in the clinic-

based patient population in each year from birth to 25 years (total simulated deaths—684), 

and each death is randomly assigned a date of birth within the year. These extra simulated 

deaths are appended to the clinic-based patient dataset, and time from birth to death is 

presented by gender using standard Kaplan-Meier methodology. Results are compared to a 

standard statistical adjustment (14). Bootstrapping (56) is a technique in wide use in 

epidemiology (57;58), and is used in this study to examine the precision of simulated 

Kaplan-Meier statistics. Two sets of bootstrapped confidence intervals were produced: one 

set assuming independence of all simulated deaths, and a second set to account for the fact 

that each single excess death in the JSSCD was used to simulate multiple deaths in the 

clinic-based patient population, creating dependence between simulated deaths. This second 

measure of precision that accounts for clustering is more appropriate. 

All SS patients routinely attend the sickle cell clinic every 3 or 6 months, depending on age. 

Default is common, and is frequently due to distance from domicile to clinic. An outreach 
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program ensures better access for all, and includes domiciliary visits (8). Care was taken to 

remain within this tradition during the tracing of defaulted patients. 

Table 6.18. 

Numbers of homozygous SS patients by gender and status on January 01, 1997. 

status Patient gender 

Male (%) Female (%) Total 

Alive 1281 (38.81) 1401 (42.44) 2682 (81.25) 

Dead 150 (4.54) 140 (4.24) 290 (8.79) 

Migrated 121 (3.67) 176 (5.33) 297 (9.00) 

Default 18 (0.55) 14 (0.42) 32 (0.97) 

Total 1570 (47.56) 1731 (52.44) 3301 (100.00) 

Patient numbers by gender and final status (on January 1, 1997) are presented in Table 

6.18. There were more female patients than males (p=0.01). At the close of the study, the 

proportions of dead and defaulted patients did not vary across gender (dead: p=0.60, 

defaulted; p=0.60). There was a greater proportion of emigrated female patients (p=0.002), 

and a greater proportion of females alive and available for continuing follow-up (p=0.02). 

Table 6.19. 

Age at entry to study duration of follow-up, and age at death by gender 

for 3301 homozygous SS patients. 

Gender median (mad*) iqr range mean (sd) 

Age at entry (n=3301) 

Mok 11.71 (12.34) 4.76 - 22.42 0 - 69.36 15.07 (12.82) 

femoZe 13.96 (13.40) 5.70 - 24.43 0 - 72.37 16.65 (13.37) 

Follow-up (n=3301) 

MoZe 7.22 (3.93) 2.89 - 9.61 0 - 10 6.24 (3.34) 

femak 7.15 (4.02) 2.65 - 9.68 0 - 10 6.26 (3.46) 

Age at death (n—290) 

Mo/e JO; 24.91 (15.14) 10.20 - 40.62 0.70 - 72.39 26.90 (18.19) 

Female (n—140) 25.65 (12.54) 13.30 - 38.19 0.28 - 77.45 27.90 (18.31) 

mad = median absolute deviation 

Females were significantly older than males on entry to study (logrank test %2=10.5, 

p—0.001). Duration of follow-up was similar across gender (%2=1.4, p=0.24). Among the 290 

deaths there was no age difference across gender (%2=0.4, p=0.54) (Table 6.19). There was a 
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potential of 22,357 years of follow-up, of which 1,720 (7.7%) years were lost (1,529 years due 

to migration, 191 years due to default). Survival estimates using the standard statistical 

adjustment and the 'excess mortahty rate' simulation are graphed for men in Figure 6.12(a), 

and for women in Figure 6.12(b). Compared to men, women have a poorer survival 

experience in early childhood. Adult survival is generally improved in women. Median 

survival using the 'excess mortality rate' simulation is 53.0 (clustered 95% CI 49.0, 58.7) 

years for men and 58.5 (clustered 95% CI 53.5, 70.9) for women. Median survival using the 

standard statistical adjustment is 42.6 (40.0, 49.1) years for men and 47.4 (37.8, 55.1) for 

women (Table 6.20). 

Figure 6.12 

Kaplan-Meier survival estimates from birth for 3301 SS patients by gender using two competing 

methodologies 
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This study provides the first insight into the lifetime survival experience of SS patients in 

Jamaica between 1987 and 1996 . It further represents the largest investigation of survival 

among an SS population. Patient age at entry and duration of follow-up describe a similar 

population to that available in the Cooperative Study of Sickle Cell Disease (CSSCD), and 

using the same survival analysis technique (14), gender-specific median survival estimates 

are almost identical (2). These striking demographic and lifetime survival similarities offer a 

persuasive argument that the Jamaican and US SS populations are homogenous. 

Late-entry bias poses the most serious challenge to the study of lifetime survival estimates in 

clinic-based SS populations. An accepted statistical adjustment used previously (14) to 

account for unseen deaths assumes an equal risk of death at any time for patients in and out 

of the study, and this critical assumption is shown to be inappropriate for the current 

patient population. Using a technique that has alternative and potentially more realistic 

assumptions supported by empirical evidence, the current study offers an new, milder 

description of median lifetime survival in SS disease. 
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The study o%r8 the first presentation of precision for a survival analysis of sickle cell 

disease. It highlights the marked uncertainty of the standard statistical adjustment in early 

and late life, and is an important reminder that median survival estimates should be quoted 

as intervals for which one is 95% confident. 

In the next two to three decades more accurate information on median survival in SS disease 

will become available from patient groups like the JSSCD, ascertained at birth and 

prospectively followed. Until then, survival summaries in homozygous sickle cell disease will 

continue to depend on the appropriateness of the techniques used and on the assumptions 

made. 



Table 6.20. 

Kaplan-Meier survival estimates (with 95% confidence intervals) 

for 3301 SS patients by gender using two competing methodologies 

Adjustment Simulation 

S(t) 
Men Women Men Women 

Age 95% CI Age 95% CI Age 95% CI 
95% CI 

clustered 
Age 95% CI 

95% CI 
clustered 

0.95 2.0 (0.7,3.8) 0.3 (0.0,3.4) 2.6 (1.4,4.0) (0.8 to 6) 0.7 (0.4, 1.0) (0.4 to 2) 

0.90 4.4 (0.7,9.1) 2.2 (0.0,11.0) 6.6 (4.7,7.9) (2.8 to 12.6) 1.9 (1.1,2.9) (0.8 to 7.2) 

0.85 9.3 (3.4,18.7) 7.0 (0.0,19.4) 12.9 (7.7,15.3) (6.1 to 19.3) 6.4 (2.9,12.8) (2 to 17.6) 

0.80 18.7 (7.4,24.6) 15.3 (0.0,25.8) 19.0 (13.8,20.1) (12.2 to 25.5) .15.7 (12.2,21.2) (5.7 to 29.8) 

0.75 24^ (15.3,28.2) 21.6 (0.0,31.1) 23.0 (19.4,29.9) (15.9 to 35.6) 2&6 (18.6,36.0) (15.2 to 40.5) 

0.70 2&0 (23.1,33.2) 2&7 (8.0,36.3) 3&3 (24.7,40.6) (20.2 to 42) 37.6 (31.6,47.2) (25.1 to 51.8) 

0.G5 32.9 (27.2,38.7) 33.1 (20.1,39.5) 40.6 (34.8,45.6) (29.2 to 49.2) 46.2 (37.9,53.1) (36 to 55.9) 

0.60 37.9 (31.8,41.6) 37.6 (28.2,45.4) 4&8 (40.6,52.1) (38.7 to 53) 5&5 (46.2,58.2) (44.4 to 58.5) 

0.55 4&7 (35.7,42.7) 43.8 (33.8,51.9) 4&6 (44.2,54.6) (42.3 to 54.9) 5&5 (53.1,66.0) (51.7 to 66.2) 

0.50 4&6 (40.0,49.1) 4^4 (37.8,55.1) 53.0 (49.3,57.0) (49 to 58.7) 58.5 (55.1,67.5) (53.5 to 70.9) 
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Chapter 7 

Measuring health status 

Background 

Methods for summarising the health status of people living with homozygous sickle cell (SS) disease 

are not well developed. Evidence is available, but has not received widespread clinical acceptance. The 

evidence of methodological quality (internal validity) and of the generalisability of results, which is 

important to the promotion of such evidence, is not convincing. 

Methods 

We conducted a systematic review to identi^ prognostic factor studies of SS disease populationg 

which used an outcome measure considered by the contributors of each article to be a summary of 

health status in sickle-cell disease. For each article, we examined the methodological quality according 

to predeGned criteria. We summarised article quality baaed on the use of aspects of study design and 

analysis that are important to sickle-cell disease epidemiology. 

Findings 

We identified 77 severity prediction articles, with 66 (87%) of these classified as exploratory. Minimal 

standards of methodological quality were achieved in 3 (4%) of articles. 

Interpretation 

The complex aetiology of SS disease has kept the research focus on the identification of prognostic 

factors. Methodological quality has been lacking in a majority of articles. 
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7.1 Introduction 

omozygous sickle cell (SS) disease has diverse clinical symptoms, with variability 

between individuals and within individuals aa they age (see chapter six). A large body 

of literature hag explored possible risk factors for disease outcome, offering genetic (1;2), 

haematological (3-5), rheological (6), metabolic, and socioeconomic (7) factors as plausible 

independent determinants. 

7.2 Measuring health 

In its simplest form, 'health' means the absence of disease. In 1940, the World Health 

Organization (WHO) described health as the o/ pAg/gzcoZ, and aoczof 

mere/y (/le abaence o/ (fzaeaae or (8). This widely accepted 

definition was expanded in the 1970's and 1980's as other components were included: 

intellectual, environmental, and spiritual health. In 1986, the World Health Organization 

further refined the definition of health within the framework of health promotion: 'Health is 

aeen ag a regowrce /or euerycfoy Zz/e, Mô  (Ae o6jec(we o/ Zming/ ia a poaz^we coMcepf 

emp/iaa%zmg aocioZ and peraono/ reaourcea, aa we/Z oa pAyazcaZ (9). 

Although the theoretical basis of measuring health is well estabhshed in the field of 

psychometrics (10), there is httle agreement on the naming conventions of health-specific 

outcomes (11). In health research generally, measurement instruments are variously called 

'Quality of Life' (QoL), 'health-related QoL', 'heath status', 'functional status', 'disability', 

'functional well-being'. In SCD research in particular, health outcome has been referred to as 

'disease severity', 'clinical outcome', 'chnical expression', 'disease expression', 'clinical 

course', and 'natural history'. To some extent, this diversity reflects real differences in 

measurement focus. In many situations, though, these terms are used interchangeably to 

refer to a more general and abstract notion of health. 

Strategies for conceptualising the measurement of SS disease health have emerged. Articles 

have identified frequent or life-threatening clinical events for use as markers of health status, 

either for use on their own (12-14), or using methodology for summarising more than one 

clinical event (15; 16). The abstraction has been taken a step further with the use of proxy 

markers for frequent clinical events such as the number of hospitalisations or transfusions 

(17-20). Articles have further attempted to classify individual patients (19) or groups of 

patients (15) according to their health status (21;22). These approaches follow a 'disease 

model' concept of health (23), with the signs and symptoms of disease considered adequate 

for the description of health status. For the current study, we offer definitions for common 

terminology (Table 7.1). 

Health-status is the most generic health-measurement term, and refers to any attempt to 

summarise the health of individuals or populations qualitatively or (more usually) 

quantitatively. Clinical outcome involves one or more measures of mortality and morbidity. 
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Dweoge otikome allows the inclusion of other biological indicators such ag haematology in 

the definition of health. Dweaae axiditionally emphasises the perception of the 

patient, which is widely recognised as a central features of successful health status 

measurement (24-26). Currently, SCD literature offers little consideration of patient-baaed 

health outcome. We recognise that dweoae must form a central component of future 

measures of SCD health. Currently, we are constrained by the availability of information 

and in this review chapter we investigate the measurement and prediction of disease 

Table 7.1. 

Definitions of common terminology for health in SCD research 

Term Definition 

A description and/or measurement of the health of an 
TToaH-h otQ+iiQ individual or population at a particular point in time 

against identifiable standards, usually by reference to 
health indicators (27). 

Clinical outcome The clinical expression of sickle-cell disease 

outcome 3 s — 

The effect of sickle-cell disease and resulting therapy upon 
Disease severity a person, as defined by clinical measures and as perceived 

by the person* 

* Adapted from Schipper H , Clinch J, Olweny C. Quality of life studies; definitions and 

conceptual issues pp 11-23. In: Quality of life and pharmacoeconomics in clinical trials Ed: Spiker 

B. Philadelphia, Lippincott-Raven. 

7.&..Z Meaauring cZimcaZ outcome 

Descriptive summaries of clinical symptoms have allowed anecdotal descriptions of clinical 

outcome. The process of synthesising these individual and heterogeneous complications into a 

simple, objective and accepted summary is currently unclear. Obstacles to such a summary 

are formidable and include the time related variability of expression within an individual, 

and the economic costs of identifying and following an unselected population sample. 

Moreover, measurement of certain clinical symptoms (such as those involving a measurement 

of pain) are complicated by potentially subjective determination. 

MeaaurzMg outcome or cfiseaae 

Dzaeaae oifkome and dzaeoae are not directly measurable, and proxy markers are 

necessary. The use of proxy measures means that any classification scheme will have a 

subjective component, making clinical acceptance difficult. Following some basic guidelines 

should help to increase the acceptability of any disease outcome or disease severity scheme: 

the proxy should be clinically important and defined in detail adequate for replication; it 

must have a direct relationship with some aspect of health, and be acceptable to the clinical 

community. If the outcome status of patients is assessed subjectively, it should be done so 
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without recourse to the values of clinical predictors - a process known as blind assessment 

(28). Measures should be easy to obtain, accurate, and reliable. 

7.3 Predicting disease outcome or disease severity 

An extensive literature has investigated the contribution of individual disease characteristics 

to (fzgeoae outcome, and the methodological features of these articles are summarized in 

section 7.6. This body of work has contributed to important scientific advances (29;30), with 

direct translation to practical clinical management (31). In addition, the clinical community 

have promoted a justifiable call for the classification of SCD individuals according to an 

objective and quantitative disease outcome scheme (32;33). 

Clinical interventions known to cure the disease or ameliorate symptoms are generally 

expensive, can be invasive, and carry associated risks. Bone marrow transplantation (34^36), 

although curative, has associated risks of mortality and failure (34), with potential infertility 

and carcinogenic complications. Hydroxyurea therapy (37) is currently the most widely 

studied of several therapeutic agents aimed at pharmacologic modulation of fetal 

haemoglobin. It has potential teratogenic effects, with the major side effect expected to be 

myelosuppression (12;38). Chronic transfusion therapy (39) is regularly indicated for 

neurovascular events (40). Complications are common (41;42), and longer term problems of 

iron overload exist (43). An ability to predict disease outcome might allow selection of 

adversely affected patient subgroups for prospective trials, and for proven clinical 

intervention. 

The role of predictive schemes is well established, for identifying individuals to benefit from 

scarce resources or groups of patients for clinical trials, or for conducting comparative audits 

of medical facihties. The Glasgow coma scale (44), APACHE III (45), and the PRISM score 

of paediatric ICU mortality (46) are three examples of prognostic models widely used to 

inform difficult medical decisions. Many more schemes are published each year, and few of 

these achieve popular acceptance (47). Ultimately, schemes are judged on their clinical 

credibility - evidence that a clinically useful prognostic model can accurately generalise to 

new patient populations. Additionally, proof of substantially better prognostic ability than 

currently available schemes and independent confirmation of results should be required 

before a new scheme is considered for clinical use (48). Without evidence of such practical 

significance, acceptance is unwise and unhkely. 

7.4 Evaluating disease outcome or disease severity predictions 

Guidelines to aid both developers and users of prognostic schemes exist (49;50). In 

particular, the assessment of such schemes should be based on the general principles of 

internal validity, accuracy, and generalisability, which together constitute a formalisation of 

clinical credibility (51). An investigation of internal validity examines the methodological 

quality of a prognostic scheme. Assessment of accuracy and generalisability examine the 
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capacity of the scheme to preserve its prognostic ability in applications to new patient 

populations. v4ccuroci/ in this context haa two dimensions: caZzbrafzon, which examines 

whether predictions are too high or low, and which examines the ability of a 

scheme to correctly classify patients into pre-defined groups. Generalisability also haa two 

dimensions: reproducibility, which examines the prognostic ability of a scheme in patients 

who did not contribute to the development of the scheme but who are from the same 

underlying population, and transportability, which examines the prognostic ability of a 

scheme in patients &om a different underlying population. The failure to examine or failure 

of, aspects of acciirac!/ or will undermine chnical credibility, 

and this invariably leads to rejection by the clinical community (52). 

7.5 Chapter plan 

A systematic review of articles predicting or using the concepts of dzaeaae outcome or jzaeoae 

severity in SS disease is described in sections 7.6 and 7.7. Results of the systematic review 

are presented in section 7.8, with a description of included studies (section 7.8.1), a 

description of study participants (section 7.8.2), and an examination of article quality 

(section 7.8.3). 

7.6 Reviewing the evidence: a systematic review of disease outcome in SS disease 

7. g. J 

We performed the systematic review to summarise the evidence on the risk factors for 

disease outcome in homozygous sickle cell disease and to assess the methodological quality of 

this evidence. Specific objectives were as follows: 

(a) To identify articles that involve the prediction of disease outcome or disease 

severity. 

To describe articles according to the prognostic factor study classiGcation of 

Simon and Altman (48), 

(c) To explore the internal validity of articles, by defining how many articles apply 

appropriate statistical techniques, and how many articles meet pre-defined 

minimal criteria for acceptable methodology, 

(d) To explore possible secular change in objectives (b), and (c). 

7. ̂ .,2 /or coTtaicfering 

We considered an article for inclusion in the systematic review if it was a prognostic factor 

study using an SS patient population and an outcome measure considered by the 

contributors of each article to be a summary of (fzaeaae ow^come or (fzaeaae 
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7.^.5 6'earcA 

We decribe the search for acceptable articles as a three-stage process, Eind summarise this 

process in Figure 7.1. 

In stage one, we searched the Medline and Embase online databases for all English language 

articles published between database inception and March 2000, using the algorithm 

presented in Table 7.2. We designed this algorithm to c a p t u r e SS dzaeaae otffcome or (fiaeoae 

severity through common synonyms, using the NIH Medical Subject Headings (MeSH) 

classification of an article, or the E i c t u a l use of these terms in the text of the article itself. 

In stage two, two contributors (IH, LL) independently examined articles identiAed during 

the Medline search, using citation information, which usually included the abstract. In this 

citation screening we considered each potential article for inclusion in the review based on 

four criteria: three objective criteria, 

An article must involve a human population sample, 

An article must include an SS disease patient sample, 

An article must not be a case study, 

and a fourth criterion based on the definitions of disease outcome or disease severity: 

(h) An article must contain written confirmation that the outcome measures it uses 

are considered to be proxy markers of disease outcome or diseaae severity. 

Figure 7.1 

Literature review stages, and summary of candidate article adjudications 

(with the number of included and excluded articles in parentheses). 

Literature review stages 

Reference 
search 

(9) 

Stage 1: IVIedline (1719) and 
Embase (1264) searches 

(2071) 

Stage 2: Citation screening 

| (260) 

>Stage 3: Full article screening 

(77) 

I Prediction I ; 
I — : A [ 

Review 

(14) 

j P a t i e n t c l a s s i f i c a t i o n 

Not human (335) 

Not SS (638) 

^ Case study (239) 

' Not severity (599) 

Not severity (72) 
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We dagsified each article aa 'included', excluded', or 'unsure'. Failure to meet any one of the 

criteria resulted in exclusion from the final literature review. If we disagreed over an article 

it was classified as 'unsure'. Most 'unsure' classifications were due to a lack of information in 

the citation - usually the absence of an abstract. 

Table 7.2. 

Search algorithm applied to the Medline and Embase online database. 

Search Strategy 

1 Sickle 

SCD specific disease severity terminology 

2 (severe) or (severity) or (mild) or (clinical expression) or (disease expression) 

3 (clinical course) or (progress) or (natural history) or (manifestation) 

4 (heterogeneity) or (homogeneity) or (stability) or (adverse) 

Generic disease severity terminology 

5 (quality of life) or (quality-of-life) or (life quality) or (life-quality) 

6 (health status) or (health-status) or (well being) or (well-being) or (wellbeing) 

7 (functional status) or (functional-status) 

8 (disability scale) or (disability-scale) 

9 (performance status) or (performance-status) 

10 (1) AND (2 or 3 or 4 or 5 or 6 or 7 or 8 or 9) 

In stage three, we located the full text of all articles classified as 'include' or 'unsure'. Two 

contributorrs (IH, KW), or all 3 contributors independently determined final eligibility. 

Whenever we disagreed over eligibility, all contributors reviewed the article and a consensus 

was achieved by group discussion. Articles were classified as follows; 

Table 7.3. 

Article classification during stage three of the literature review process 

Article classification Decision Description 

Prediction Include Investigation of prognostic factors for a 
patient characteristic that the article 
contributors considered a proxy for 
disease outcome or disease severity 

Use Exclude A proxy marker for disease outcome or 
disease severity was used as a descriptor 
of, or prognostic factor for a secondary 
patient characteristic. 

Review Exclude Contained information on disease 
outcome or disease severity, but offered 
no new data or results 

Non-disease severity Exclude Did not contain information on disease 
outcome or disease severity 

During this third stage a single contributor (IH) examined the reference lists of all 
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'prediction' articles to identi^ further relevant publications not referenced in Medline or 

Embase. 

7.^.^ o/remew 

We developed a standard datasheet for data collection (see appendix one) and pre-tested the 

datasheet using a random 10% sample of articles. All contributors (IH, LL, KW) collected 

data on all prediction articles, and discrepancies were resolved in regular consensus meetings. 

We present results of included studies. We present the patient populations by age, gender, 

and geographical region. We classified articles by year of publication and journal speciality. 

We grouped endpoints for dzaeage into pre-deRned systemic categories. We used a 

descriptive clustering procedure to highlight categories with similar patterns of usage. 

We classified each article according to the criteria of Simon and Altman (48), as a phase I, II 

or m prognostic study. A phase I study involved early exploration, investigating associations 

between a risk factor and an outcome. A phase II or III study classified individuals or groups 

according to risk of disease outcome. A phase II study was exploratory and a phase III study 

was confirmatory. 

Table 7.4. 

Sources of systematic bias, and the method of estimating these biases 

in observational studies of SS disease outcome 

Type of bias Description Associated design 
feature 

Reason for associating design 
feature with type of bias 

Detection The method of assembling (1) Neonatal 
participants. ascertainment 

Attrition The method of maintaining (2) Follow-up 
participation in a study reporting 

(1) Neonatal ascertainment 
protects against patient 
attrition due to unrecruited 
SS patients (53-56) 

(2) Follow-up reporting allows 
the potential for attrition 
bias due to missing data and 
patient dropout to be 
estimated. 

Performance The method of measuring (3) Longitudinal 
disease outcome. study design 

(3) Longitudinal study design 
allows changes in disease 
outcome due to patient age 
and due to secular time to 
be explicitly estimated. 

Selection The method of accounting (4) Appropriate 
for potential confounders. statistical 

methods 

(4) Appropriate statistical 
methodology allows 
adjustment for the effect of 
suspected confounders. 

We assessed statistical aspects of study design and analysis using published standards (57-

59) along with specific recommendations for modelling potential predictors (60). Techniques 

for the control of potential confounders were of particular interest. We assessed overall 

article quality using categories of systematic bias identified by the Cochrane Collaboration 

for use in reviews of randomised controlled trials (61), and adapted here for SCD 

observational studies (Table 7.4). 
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We have described how using a systematically selected group of participants and how 

participant non-response can bias results (see chapters three and four respectively). We 

define the ideal identification of participants for sickle-cell disease research as neonatal 

screening, and deGne the ideal follow-up reporting as descriptive summaries of participant 

non-response. 

We require unbiased measures of disease outcomes. Because the expression of sickle-ceU 

disease is age-related (see chapter six) we require that study participants are followed 

through time, with repeated measurement collection. We assessed departure from this ideal 

as a measure of performance bias. 

Because our review includes observational studies we must assess how articles have identified 

and accounted for potential confounders. In each article we identified the number of 

outcomes and the number of potential predictors and confounders. We assessed if the chosen 

statistical analysis controlled adequately for identified confounders, and for correlation 

between confounders (if necessary). We assessed departure from appropriate statistical 

methodology as a measure of selection bias. 

This bias checklist is not comprehensive, but represents design considerations expected to be 

major influences on the level of systematic bias in SCD disease outcome or disease severity 

research. We then classified each article as having a low, moderate, or high risk of bias, 

according to the number of design features it met (Table 7.5). 

Table 7.5. 

Classification of overall article quality according to risk of bias. 

Bias Risk Relationship to design features Interpretation 

Low All criteria met. Bias unlikely to seriously affect results. 

Moderate One criteria not met Level of bias raises doubt about results 

High More than one criteria not met. Little confidence in results. 

7.7 Description of systematic review 

7.7. J v4r(2cZe 

We identified 2071 candidate papers. Of these, 335 articles did not employ a human sample, 

638 did not include an SS patient sample, 239 were case studies, and 599 did not involve a 

consideration of disease outcome or disease severity^ leaving 260 fulfilling the stage-two 

basehne inclusion criteria. During stage three we identified a further nine articles from 

reference lists of included articles. We excluded a further 72 articles as not considering 
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dweaae outcome or cfiaeoae articles, 47 as rewew articles, and 73 as uae articles, 

leaving 77 articles predicting the concept of SS diaease outcome or (f%aeoae 

7.7.,8 Aei/zewer agreement 

In Table 7.6 we present the agreement achieved by two reviewers during stage three of 

article identlBcation. We agreed on 224 articles. The crude claasiScation agreement waa 83% 

and the kappa weighted measure of agreement, K, was 0.78, representing substantial 

agreement according to published guidelines for interpretation (62). We mainly disagreed on 

the claasification of an article as predicting or using (fiaeoge oi/tcome or (fweoge aeferify (15 

articles) or whether an article had confirmed its outcome measure to be summarising (f%aeoae 

OMkome or (fzaease a e w ( 2 8 articles). 

Table 7.6. 

Agreement between reviewers during Stage 3 of classification of 269 articles. 

Reviewer 1 (IH) 

Prediction Use Review Exclude 

Prediction 63 10 0 3 

Reviewer 2 Use 5 .57 0 6 

(KW) Review 0 0 47 2 

Exclude 8 11 0 57 

Crude agreement = 83.3%; K=0.78 

7.8 Description of included articles 

7.g..Z o/mcZuded gfudzea 

Articles were published in 31 unique journals, with almost half the publications in five 

journals (Blood 13 articles, American Journal of Hematology 10 articles. New England 

Journal of Medicine 5 articles. Journal of Tropical Paediatrics 5 articles, British Journal of 

Haematology 4 articles). The number of articles in each of eight publication categories is 

presented in Table 7.7. Haematological journals published the majority of the articles, 

reflecting the popular understanding that haematological indices are predictive of disease 

or dtaeoae 

The distribution of the year of publication from 1966 to 1999 is presented in Figure 7.2 for 

(a) 77 severity prediction articles, and (b) 11,772 'sickle' articles. Data were incomplete for 

2000, the year in which the review was carried out, and are not presented. The rate of 

prediction article publications per year has remained steady since the early 1980's. The 

overall numbers of 'sickle' articles increased steadily in the 1970's, with numbers levelling at 

around 400 per year from the early 1980's. 
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Figure 7.2 

Number of sickle-cell disease publications predicting health-status, and aU sickle-cell disease 

publications listed in Medline between 1970 and 1999 

(a) Prediction articles in SCD 
1970 to 1999 

(b) iVlediine journals 
1970 to 1999 
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Number of publications 

Study populations originated from various locations: 29 (38%) articles considered 

populations resident in the USA, 15 (19%) in the Middle East (Saudi Arabia 14, UAE 1), 10 

(13%) in Nigeria, 9 (12%) in the Caribbean (Jamaica 8, Cuba 1), 6 (8%) in Europe (France 

3, UK 2, The Netherlands 1), 3 (4%) in India, 3 (4%) in Brazil, and 2 articles considering a 

mixed US and African population. In addition to SS patients the following SCD genotypes 

were considered: S-beta° thalassaemia (17 articles, 22%), S-beta^ thalassaemia (12, 16%), SC 

disease (9, 12%), (2 articles), SD Punjab (2 articles), and S-hereditary persistence of 

fetal haemoglobin (1 article). 
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Table 7.7. 

Number of prediction and use articles by journal group. 

Journal type Number of articles (%) 

Haematology 41 (53) 

General Medicine 20 (26) 

Paediatrics 7(9) 

Genetics 4(5) 

Biochemistry 3(4) 

Epidemiology 1 (1) 

Book chapter 1(1) 

Total 77 (100) 

7.&,g 

Age at entry to study was reported in 64 (83%) articles. Age range was the most common 

summary (52 articles), followed by mean age (26 articles), standard deviation of age (19 

articles), an age distribution (11 articles) and median age (2 articles). We present age ranges 

from the 52 reporting articles (Figure 7.3). Most articles recruited adolescent and early adult 

patient groups. The median mean age was 17 years (mad 6.5). Excluding articles 

investigating G6PD deficiency (which occurs almost exclusively in males) the proportion of 

males in studies was 0.52 (sd 0.08, range 0.31-0.79). 

Figure 7.3 

Age ranges of patients populations &om 52 diaeoae oiffcome or diaeoae articles. 

Age ranges of 52 included articles 
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7.g.,9 /eo^urea o/mcZi/decf 

Most articles were classified as phase I exploratory studies (66 or 86%), with the remaining 

11 (14%) articles classified as phase II studies. There were no phase III studies. The 

proportion of Phase I and phase II articles grew in each decade (Cochran-Armitage exact 

test for trend: phase I p<0.001, phase II p=0.15), with no suggestion of the two phases 

increaaing at differential rates (Exact test for homogeneity of proportions, p=0.78). Clear 

hypotheses were available in 11 (14%) articles: 10 phase I studies and a single phase 11 

study. 

Most studies offered a multivariate description of (fzaease otftcome or (fiaease with a 

median of 8 endpoints per article (median absolute deviation: 5, iqr: 4 to 15, range: 1 to 36). 

Ten (13%) articles used a single endpoint. Overall, there were 821 endpoint uses among 154 

unique endpoints. The 5 most common endpoints were painful crisis (49, 6.0%), total 

haemoglobin (Hb) (43, 5.2%), hospitalisation (30, 3.7%), fetal haemoglobin (HbF) (27, 

3.3%), and blood transfusion (26, 3.2%), which together accounted for 21.3% of all usage. 

The same studies used a median of 3 predictor variables per article (mad: 2, iqr: 1 to 6, 

range: 1 to 23). Overall, there were 320 predictor uses among 126 unique predictors. The 5 

most common predictors were HbF (28, 8.8%), alpha thalassaemia status (26, 8.1%), age 

(22, 6.9%), gender (16, 5.0%), and Hb (15, 4.7%), which together accotinted for 33.4% of all 

usage. There were significantly more endpoints than explanatory variables per article 

(median difference 4, mad: 5, iqr: 0 to 13, range: -21 to 35) (matched test of median 

difference, p<0.001). 

Individual endpoints and predictors were grouped according to whether the participants were 

sick or well at measurement, and into 15 systemic categories, and the frequency of endpoint 

and predictor usage is presented in Table 7.8. Overall, blood related measurements form the 

most popular category, with 33% of all endpoint usage and 35% of all predictor usage. 

Among endpoint measurements, the clustering algorithm suggested a division into two well-

separated clusters (Figure 7.4a). One cluster contained the four most common categories 

(blood, GI system, musculoskeletal, and clinical intervention). Papers offering large 

multivariate descriptions of severity tend to consider these groups of variables as the core of 

their description. The second major cluster contains the remaining systemic categories, all of 

which have lower levels of usage. A single variable (general illness) is alone as a third minor 

cluster. This variable represents a conglomerate of one-off variables that defied classification, 

and might anecdotally be considered proxy measures for general ill-health. 
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Table 7.8. 

Endpoint usage among 77 articles categorised by systemic group and whether measurement was taken 

during symptomatic clinic visit 

Systemic category 
Endpoint measurements (%) Predictor measurements 

Systemic category 
well sick total well sick total (%) 

Blood / immune 225 (63.0) 45 (9.7) 270 (32.9) 111 - 111 (34.7) 

Musculoskeletal 3 (0.8) 136 (29.3) 139 (16.9) - 6 6 (1.9) 

GI system 50 (14.0) 35 (7.5) 85 (10.4) 2 1 3 (0.9) 

Clinical intervention - 68 (14.7) 68 (8.3) - - -

Biochemical 24 (6.7) 40 (8.6) 64 (7.8) 104 - 104 (32.5) 

Miscellaneous 2 (0.6) 28 (6.0) 30 (3.7) - - -

Patient characteristics 29 (8.1) - 29 (3.5) 44 - 44 (13.8) 

Respiratory system - 28 (6.0) 28 (3.4) - - -

Skin - 25 (5.4) 25 (3.1) - 1 1 (0.3) 

Central nervous system - 23 (5.0) 23 (2.8) - 1 1 (0.3) 

Genito-urinary system 1 (0.3) 22 (4.7) 23 (2.8) - - -

Cardiovascular system 8 (2.2) 5 (1.1) 13 (1.6) 1 - 1 (0.3) 

Eyes - 9(2) 9 (1.1) - - -

Genetics 8 (2.2) - 8 (1.0) 49 - 49 (15.3) 

Physical/sexual / nutrition 7(2) - 7 (0.9) - - -

Total 357 (100) 464 (100) 821 (100) 311 9 320 

Among predictor measurements five primary clusters were identified (Figure 7.4b). Articles 

either focussed on 1 of 4 specific predictor groups: static patient measures (genetic or basic 

features such as age and gender), or measures taken while the patient was without clinical 

symptoms (haematological or biochemical), or otherwise used a range of clinical symptoms 

recorded during symptomatic episodes. 

Figure 7.4 

Clustering dendrograms for (a) 15 endpoint categories and (b) 9 predictor categories. 

(a) Fifteen endpoint categories i | ( b ) Nine predictor categories 
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me(/ioc(oZog2/ 

Table 7.9 presents the types of statistical analysis employed, with articles claasiGed 

according to the numbers of endpoints and predictors. Seventy-one articles gave information 

on statistical techniques. The largest group of articles used univariate inference (33 or 47%), 

and in 30 of these articles the presence of multiple endpoints or predictors suggested the 

need for methodology to account for potentially confounding correlations. Two articles 

provided explicit adjustment for potentially confounding associations (using partial 

correlations) (63;64), and two more provided Bonferronni adjusted significance (1;65). 

Twenty-seven (38%) articles used regression techniques to accommodate multiple predictors. 

Three further articles accounted for multiple endpoints (2 using MANOVA, 1 using principal 

components analysis). 

Table 7.9. 

Type of statistical analysis used by 71 severity prediction articles 

statistical analysis one endpoint More than one endpoint Total (%) 

one Multiple One Multiple 

predictor predictors predictor predictors 

univariate descriptive 1 3 1 3 8(11) 

univariate inferential 3 1 11 18 33 (47) 

multiple regression 0 3 3 21 27 (38) 

multivariate regression 0 0 0 3 3(4) 

all 4 7 15 45 71 
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o/ a?i%c/ea 

Table 7.10 presents the frequency of three methodologically desirable features among 77 

disease outcome prediction articles, along with the references of articles meeting each 

criterion. 

7.16 

Table 7.10. 

Percentage of prediction articles meeting methodologically desirable features. 

Criterion 
Articles meeting 

criterion 
Article References 

Detection bias: 12 (16%) (a8;al0;a27;a29;a41;a43;a45; 

neonatal aacertainment a46;a61;a69;a71;a77) 

Attrition bias: 

participant follow-up 

22 (29%) (a3;a7;a9;al0;al2;al4;al5;a21;a31; 

a33;a35;a36;a44;a45;a47;a48;a61;a64; 

a65;a69;a74;a77) 

Performance bias: 11 (14%) (a5;a8;al0;al3;a29;a32;a45; 

longitudinal study design a46;a50;a61;a77) 

39 (51%) (a2;a5;a6;a8;all;al2;al5;al8;al9; 

Selection bias: a21-a23;a26-a35;a37;a41;a43;a4.5-a47; 

statistical methodology a57;a59;a60;a65;a66;a68;a69;a71;a73;a74; 

" a77) 

Bias Risk 

Low 3(4%) : (a45;a61;a77) 

Moderate 5 (6%) (a8;al0;a29;a46;a69) 

High 69 (90%) 

No more than half of all prediction articles met any single design feature. Only eight articles 

met all design criteria, for a low bias risk, or any three design criteria, for a moderate bias 

risk. The remaining 69 articles had levels of bias that left little confidence in their results. 
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7.9 Appendix One 

Data collection forms: 

Internal validation of 77 articles predicting disease outcome or disease severity in 

homozygous sickle cell disease. 
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experimental 

randomised trial 
observational trial 
non-expmimental 

prospective 
retrospective 

cross-sectional 

Severity prediction (no hypothesis) 
Severity prediction (hypothesis) 

Sfudy aim 
risk factor 

prognostic index B 
Exploratory: Early exploration: Type I 

Exploratory: hypothesis generation: Type II 
ConErmatory: F^re-stated hypthesis: Type HI 



Sec t ion T k r e e ; f a t i e n t aampfe c r i t e r i a 

0/ atwfy popit/ofion 

Community 
Hospital 

SCD centre / outpatient clinic 
multiple centres 

more than one type (please state) 
Other 

North America 
Caribbean 

Europe 
A&ica 

Middle East 
Asia 

state country 
f ocguwition 

('cAcc* oZf (Aot 
Ante- / neo- natal ascertainment 

hospital / clinic ascert^nment 
Other 

Pofienf aekcfion/efigiWy 

Randomization 
patient characteristics 
patient disease status 

study window 
Other 

ss 
S beta 0 
S-beta + 

sc 
AA 

which others 

Section T/iree; fofiemf aompZe criteria 2̂̂  

Ezc/usion criteria 
ô/ cZ;g»6k pô ienk onfŷ  
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7.10 Appendix Two 
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(A.2) Gaston MH, Fobi MAL. Sickle cell disease in children, a spectrum of illness. In; 

Cabannes R, editor. La Drepanocytose - Sickle Cell Anemia. Paris: INSERM, 1975: 19-

32. 
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Chapter 8 

Measuring health status in the JSSCD 

Background 

Methods for summarising the health status of people living with homozygous sickle cell (SS) disease 

are not well developed. Evidence is available, but has not received widespread clinical acceptance. The 

evidence of methodological quality (internal validity) and of the generalisability of results, which is 

important to the promotion of such evidence, is not convincing (see chapter seven), and we now ex-

amine the generalisability of results. 

Methods 

From a systematic review of health status in SCD (see Chapter seven), we identified a subset of arti-

cles offering a quantitative index for the classification or prediction of disease outcome or disease se-

verity. We assessed these for their ability to maintain prognostic accuracy when applied to an alterna-

tive population - the JSSCD. We assessed accuracy using measures of calibration and discrimination, 

and interpreted results in the context of study differences that could influence this external validation. 

Findings 

Sixteen articles offered original systems for defining disease outcome or disease severity: 13 articles 

classified current severity and 3 articles predicted future severity. Four of these met criteria for appli-

cation to the JSSCD (2 classification articles, 2 prediction articles). A single prediction scheme per-

formed well in its primary aim of minimising the false positive identification of adversely affected pa-

tients (original specificity, 99%, JSSCD specificity, 85%). More generally, its ability to correctly iden-

tify adversely affected patients degraded substantially (original predictive ability 78.5% [70.6% to 

86.4%], JSSCD predictive ability 5.6% [0 to 20.8%]). A second prediction article did less well in its 

stated aim of maximising positive predictive value (original positive predictive value 59%, JSSCD 

positive predictive value 39%), and could not effectively identify predefined disease severity (original 

predictive ability 5.5% [0 to 27%], JSSCD predictive ability 0% [0 to 12.3%]). Two articles classiBed 

current disease outcome or disease severity, and informal comparisons of generalisability are pre-

sented. 

Interpretation 

There have been several attempts to classify disease outcome or disease severity, but without external 

validation of results, the clinical credibility of these indices remains an obstacle to popular acceptance. 

The current external validation can veri^ the prognostic ability of a single index if subsequent appli-

cation matches the primary goal of that index. 
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8.1 Classifying SS disease outcome: internal validity, accuracy, and generalisability 

Quantitative indices for the classification of study participants according to aspects of dia-

eage outcome or dzaeoae can be divided into prediction-schemes and classiGca-

tion-schemes (1). A prediction scheme is a statistical model that predicts whether a pre-

defined aspect of (fiaeoge or dzaeaae will occur in a patient. A classiGcation 

scheme classifies a patient's current ot/kome or dzaeaae status according to a 

single summary measure, constructed from combining at least two individual items. 

8.2 Chapter Plan 

Methodology for the assessment of published indices for the quantification of diaeoae 

come or dzaeoae is described in section 8.3. Results are presented in section 8.4. 

8.3 Methods 

g . ^ 

We performed the systematic review to summarise the evidence on quantitative methods for 

the classification of homozygous sickle ceD patients according to dzaeoae outcome or (iiaeoae 

status. Specific objectives were as foUows: 

• To identify articles offering a new quantitative summary of disease outcome or dis-

eaae aeueHfy. 

• To examine the internal validity of these articles using pre-defined minimal criteria 

for acceptable methodology. 

• To examine the accuracy and generalisability of these articles. 

We included an article in the assessment of internal validity if it was a prognostic factor 

study using an SS disease population and constructed an original index (prediction or classi-

fication scheme) considered by the contributors of each article to be a summary of disease 

outcome or disease severity. Some published indices were developed for use only in the origi-

nal article. We included an article in the assessment of accuracy and generalisability if the 

published index was explicitly offered for clinical application, or had been used in a subse-

quent article by independent authors. 

The search strategy for acceptable articles is described as a four-stage process. Stages one to 

three are described in Chapter seven (section 7.6.3). In stage four, we reviewed all 

and use articles identified in stage three to identify prognostic indices of disease outcome or 

disease severity. An article contained an index if it presented either a model-based prognos-

tic index (a prediction scheme) or a composite measurement scale (a classification scheme). 
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Me(Ao(f8o/reMew 

We developed a standard datasheet for data collection (see section 8.6) and pre-tested this 

tool in a sample of non-eligible articles (each contained a non-original prognostic index). We 

collected data on all eligible articles. Two statisticians collected all data independently, and 

discrepancies were resolved in a single consensus meeting. 

We described patient characteristics using sample size, age range, genotypes studied, and 

geographical region. We described article characteristics by the study period. We grouped 

variables included in a prognostic index into pre-defined systemic categories (patient charac-

teristics, haematology, clinical signs and symptoms, anthropometry, and composite) and 

tabulated the numbers of variables in each group. We assessed internal validity using the 

sources of systematic bias identified by the Cochrane Collaboration for use in reviews of ran-

domised controlled trials (2), and adapted here for SCD observational studies (See Chapter 

seven, Table 7.4). This bias checklist is not comprehensive, bu t represents design features 

expected to be major influences on the level of systematic bias in SCD disease outcome or 

research. Each article was then classiSed as having a low, moderate, or high 

risk of bias, according to the number of design features it met (Chapter seven. Table 7.5). 

For each article, we applied definitions for predictor variables and for disease outcome or 

variables to data from the external population (the JSSCD). We have sum-

marised methods for investigating aspects of accuracy and generalizability in Table 8.1, separ 

rately for prediction schemes and classification schemes. 

We applied each 'frozen' prediction scheme (3) to the JSSCD population. Comparison of the 

predicted outcome with the ax:tual (fzaeaae oiitcome in the JSSCD provides a route for assess-

ing the accuracy of each prediction scheme. We assessed calibration using a calibration curve 

- plotting observed against predicted (fiaeaae outcome. We assessed discrimination using re-

ceiver-operating characteristics - sensitivity, specificity, and predictive values. Definitions of 

sensitivity and specificity differed between articles. Here, we followed the convention of 

Miller (2000) and adapted other articles to this convention (4). Sensitivity is the proportion 

of clinically severe patients correctly identified by the model and specificity is the proportion 

of clinically mild patients correctly identified by the model. The point of a prognostic model 

is to 'diagnose' severity; we want to know the probability that the model will give the cor-

rect diagnosis, and sensitivity and specificity do not give us this information. Instead, we use 

predictive values. The positive predictive value (ppv) is the proportion of patients predicted 

to be clinically severe who are diagnosed as clinically severe. The negative predictive value 

(npv) is the proportion of patients predicted to be clinically mild who are diagnosed as clini-

cally mild. A general measure of discrimination is known as the concordance index (c) and is 

the proportion of all pairs of patients, one with adverse disease outcome, one without, in 
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which the patient with adverse outcome has been correctly predicted. We present this pro-

portion as a rank correlation coefficient (Somers-D) by calculating 2(c-0.5). We produce con-

fidence intervals for this correlation using jackknife variances. 

ylccwacy 0/ 6'cAemea 

We applied each classification scheme to the JSSCD population. A classification scheme has 

no pre-defined 'reference' measure of disease outcome and so measurement of absolute accu-

racy is not possible. Instead, we informally examined relative accuracy by comparing classifi-

cation schemes with each other. We assessed calibration by comparing summary score distri-

butions for all classification schemes. We calculated classification scheme scores for each year 

of patient follow-up, and summarised these as a single mean score. 

Table 8.1. 

Analyses used to investigate components of external validity. 

Component of accuracy 
and generalisability Method of investigation 

Description Prediction Scheme 
(absolute accuracy) * 

Classification Scheme 
(relative accuracy) ** 

Accuracy 

Calibration 
Are prognostic in-
dex predictions too 
high or too low? 

Calibration curve. Plot 
predicted versus observed 
outcome 

Compare summary 
score distributions. 

Discrimination 

The ability of a 
prognostic index to 
correctly rank pa-
tients. 

Sensitivity, speciScity, 
predictive values, Somers 
D statistic. 

Relative ranking 
analysis using modified 
Kappa statistic 

Generalisability 

Reproducible 
Maintains accuracy 
in sample &om the 
same population as 
model development 

Examine potential for 
over- or under-fitting -

Historical 
Maintain accuracy 
in sample from dif-
ferent secular period 

Compare study period 
and age range of partici-
pants. 

Compare study-period 
and age range of par-
ticipants. 

Geographic 
Maintain accuracy 
in sample from dif-
ferent location 

Compare study location. Compare study loca-
tion. 

Methodological 
Maintain accuracy 
in data collected 
using alternative 
methods 

Examine internal validity 
of prognostic model 

Examine internal 
validity of prognostic 
model 

Spectrum 
Maintain accuracy 
in sample with dif-
ferent disease fea-
tures 

Incidence of outcome 
measures 

Incidence of outcome 
measures. 

Follow-up 
Maintain accuracy 
over longer than 
intended time pe-
riod 

JSSCD validation re-
stricted to equivalent 
time period 

Profile plot. Summary 
score/year are plotted 
against age 

* compare each application with the JSSCD 
** compare all JSSCD applications with each other 
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We compared distributions of classiGcation scheme scores after standardising each score as z-

scores and alternatively as a proportion of the maximum score possible for the classification 

scheme. We assessed discrimination by comparing the relative order of the JSSCD patients 

using each of the classification schemes. For each classification scheme, patients were ordered 

according to their summary z-score and assigned a rank. The agreement between classifica-

tion schemes was assessed by comparing their performance to randomly generated index z-

scores (see section 8.8 for details of this methodology). 

The painful crisis has often been used as a proxy for sickle cell disease outcome (5-7) and we 

include this measure in all classification scheme comparisons. We have defined the painful 

crisis in section 8.2.9. 

Components of generalisability have been identified as historical, geographic, methodological, 

spectrum, and follow-up (8), and are described in Table 8.1. For each included article, we 

interpreted accuracy with reference to each component of generalisability, by comparing the 

JSSCD population to the population in the original article. All classification schemes were 

originally developed using cross-sectional data. We applied each classification scheme to the 

27-years of JSSCD follow-up to provide an informal examination of follow-up generalisabil-

ity. We calculated classification scheme summary scores for each year of patient follow-up, 

and plotted proSles for each classification scheme, along with 95% bootstrapped conGdence 

intervals. Here we were interested in differences between classification schemes. 

8.4 Results 

mc/ugzon 

From 150 prediction and use articles, there were 3 original prediction schemes (4;9;10) and 

14 original classification schemes from 11 articles (11-23). There were 24 subsequent uses of 

an original prognostic index (24-47). 

From the 17 original prognostic indices, 2 prediction schemes were offered for general use 

(4;10), and 2 classification schemes were subsequently used by independent authors (11;17). 

We assessed internal validity in the 17 original prognostic indices. We assessed accuracy and 

generalisability in the subset of 4 prognostic indices offered for external use or used exter-

nally. 

We present characteristics of the 3 prediction schemes and 14 classification schemes in Table 

8.2. The number of items in a prognostic index tended to be higher in a classification scheme 

than in a prediction scheme. The nature of these items differed fundamentally, with classifi-

cation schemes focussing on clinical signs and symptoms and prediction schemes using hae-

matological indices. Most of the items were available from retrospective information at the 
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Jamaican sickle cell clinic (117 out of 124 items). Two items were unavailable for the El 

Hazmi classiGcation scheme (history of polyurea, history of deep vein thrombosis). A single 

item waa unavailable in longitudinal format for the Steinberg classification scheme ('active 

hfe' measured by being at school, a homemaker, or in employment), and 'active life' at the 

end of 1999 was used. Only 38 (31%) items had clear and reproducible deGnitions (32/112 or 

29% classification scheme items, 6/12 or 50% prediction scheme items) and no classiRcation 

scheme provided a complete set of deSnitions. When item definitions were unavailable, defi-

nitions from the JSSCD were used. Two prediction schemes provided a biological rationale 

for item inclusion (9;10). All prognostic indices used arbitrary outpoints, with no classifica-

tion schemes and all prediction schemes providing a rationale for their choices. 

Four levels of measurement (nominal, ordinal, interval, ratio) represent number usage with 

implications for the legitimacy of applying statistical techniques; parametric techniques are 

not strictly apphcable to nominal or ordinal outcomes (48). Among classification schemes, 

two articles contained interval items (14) (20). The remaining classiGcation schemes treated 

nominal or ordinal items as interval or ratio scales, either when constructing interval or ratio 

outcome measurements given ordinal items (11-13;15;16;18;22;23;49), or when analysing or-

dinal outcomes using parametric techniques (17;19). Among prediction schemes, all articles 

used nominal or ordinal items appropriately to stratify disease outcomes. 

Most classification scheme outcomes were based on weighted sums of the item scores (11-

16;18-20;22;23;49). Weighting systems were chosen arbitrarily and without explanation. All 

classification schemes were constructed in studies not specifically aimed at validating the fi-

nal prognostic index. Psychometric properties were addressed in 2 out of 10 classification 

schemes (14;16), and no article provided a comprehensive assessment of reliability, and sen-

sitivity. 



Table 8.2. 

Characteristics of three articles containing prediction schemes emd 14 articles containing classification schemes. 

Article Sample 
size Study location Study 

period Age range Genotypes 
Number of items in PI 

A B C D E** All 

Prediction schemes 

Odenheimer et al (1983) 360 USA, Detroit 1973-1980 0-18 SS 1 6 0 0 0 7 

Bordin et al (1989) * 89 Brazil, Sao Paulo 7-1989 3-64 SS 0 1 0 0 0 1 

Miller et al (2000) * 392 USA 1978-1998 0-10 SS, sp° 1 2 1 0 0 3 

Classification schemes 

Steinberg et al (1973) * 33 USA, Mississippi 1971-1972 18-56 SS 1 0 5 0 2 8 

Gaston MH (1975) 95 USA, Cincinnati 7-1975 0-22 SS, SC, SD", sp+, SD 1 0 6 0 1 8 

Bienzle et al (1975) 30 Nigeria, Ibadan 7-1975 10-25 SS 0 1 2 0 3 6 

Cameron et al (1983) (l)t 24 USA, Cincinnati 7-1983 1-21 SS, SC, S|3+ 1 0 5 1 1 8 

Cameron et al (1983) (2)f 24 USA, Cincinnati 7-1983 1-21 SS, SC, sp+ 0 0 0 0 3 3 

Pajot et al (1988) 50 France, Paris 7-1988 1-27 .. SS. 2 0 5 0 1 8 

Keidan et al (1989) 30 UK, Birmingham 7-1989 rA49 SS 0 0 17 1 2 20 

El Hazmi et al (1990) * 137 Saudi Arabia, Riyadh 7-1990 1-12 SS, sp" 0 1 13 0 2 16 

Olatunji and Falusi (1994) 80 Nigeria, Ibadan 7-1994 15-36 SS 0 1 1 0 1 3 

Houston et al (1997) 100 USA, Washington D.C. 7-1997 1-58 8S, sp" 0 0 6 0 0 6 

Thomas et al (1997) 280 Kingston, Jamaica 1973-1994 0-13 SS 0 0 14 0 0 14 

Anyaegbu et al (1998) 64 Nigeria, Ibadan 7-1998 16-33 SS 0 1 1 0 1 3 

levers et al (1998) 67 USA, Charleston 1997-1998 5-17 SS, SC, S(3, Other 0 1 1 0 2 4 

Diop et al (1999) 60 Senegal, Dakar 1996-1998 2-49 SS 1 0 2 0 3 6 
* Offered for external use or used in a subsequent article by independent authors. 
** A composite item is defined as a clinical event serving as a proxy for other SCD related complications (e.g. hospital admission, blood transfusion), 
j Article contains two classification schemes 

A Patient characteristics. B Haematology. C Clinical. D Anthropometry. E Composite**. 
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In Table 8.3 we present the frequency of four methodologically desirable features among 13 

articles containing original disease outcome classification tools. 

Table 8.3. 

Percentage of prognostic index articles meeting methodologically desirable features. 

Criterion Articles meeting 

criterion 

Article References 

Neonatal ascertainment 2 (13%) (11;16) 

Patient follow-up 6 (38%) (1;4;8;11;13;16) 

Longitudinal study design 1 (6%) (16) 

Appropriate statistical 8 (50%) (1;4;7;11-14;16) 

methodology 

Bias Risk 

Low 1 (6%) (16) 

Moderate 1 (6%) (11) 

High 14 (88%) (1-10;12-15) 

A maximum of 8 (50%) articles met any individual design feature. Only 2 articles met all 

design features, for a low bias risk, or any 3 design features, for a moderate bias risk. The 

remaining 14 articles had levels of bias that left little confidence in their results. 

Neonatal patient ascertainment, and longitudinal patient follow-up, which require substan-

tial resource commitment, were design features of only 2 articles. A low level of bias, which 

would not be expected to seriously affect results, was a feature of a single article. 
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/or occtfrac;/ onj 

We present summary descriptions of the four prognostic indices eligible for assessment of ac-

curacy and generalisability in Table 8.4. 

Table 8.4. 

Description of four articles offered for external application or used subsequently 

by independent authors. 

Article Description 

Steinberg et al (1973) An early classification scheme using 8 clinical and lifestyle items devel-
oped in the context of identifying patients with mild disease expression. 
It was designed to describe the 'degree of interference with normal life 
produced by the disease'. A weighted item summation for each patient 
was produced. The criteria for group classification (mild or severe dis-
eaae) were unclear. 

El Hazmi et al (1990) 

Bordin et al (1989) 

Miller et al (2000) 

A classification scheme developed using 16 clinical events as a descriptive 
tool in the context of documenting the clinical features of a geographi-
cally distinct group of SGD patients. The classification scheme was de-
fined as the 'total number of attacks, hospitalisations, crises, transfusions, 
symptoms and signs per year'. A weighted item summation for each pa-
tient was divided by the number of years of patient follow-up. The classi-
Gcation scheme summary meaaure was used aa a continuous variable, and 
in subsequent uses by the same authors (46) and by others (36), >6 or >7 
has been arbitrarily considered prescriptive of severe disease. 

A simple prediction scheme using a single item (HbF) selected on the ba-
sis of previous research. Alternative HbF outpoints (8%, 10%, 12%) clas-
sified patients into 1 of 2 groups defined as benign and severe disease. 
Selected clinical events pre-defined a reference for severe disease, and the 
classification ability of HbF was assessed using sensitivity and specificity. 

A prediction scheme developed to determine whether features of SCD in 
early life could be used to predict adverse outcome later in life. Selected 
clinical events defined disease outcome, and prediction scheme items were 
identified from clinical events and haematological indices collected in the 
first two years of life. A two-stage Cox regression of 'time to adverse 
event' identified significant predictors at the 20% level, which were en-
tered into a second multivariate phase requiring 5% significance. The fi-
nal prediction scheme was applied to an internal validation sample using 
logistic regression, and the predictive ability of the prediction scheme as-
sessed using sensitivity and specificity. 

8.4.5 Accuracy of the Bordin prediction scheme 

Bordin sensitivity and specificity equate to Miller specificity and sensitivity respectively. 

Bordin ppv and npv equate to Miller npv and ppv respectively. Three clinical events define 

adverse outcome (leg ulceration, aseptic necrosis, stroke). We present the classification abil-

ity of the model for the original Bordin validation, and after application to the JSSCD in 

Table 8.5. 

For the JSSCD validation, HbF predictor information was unavailable in 43 (13.8%) pa-

tients, either due to early death (41 cases) or emigration (2 cases) before 3 years of age, re-

ducing the available sample to 268 patients (86.2% of the original sample). The aim of the 

original study was to 'determine whether HbF level could be a useful test for indicating the 

possible development of severe complications', suggesting that a high ppv is the primary goal 

of the model. In the original validation it was predicted that 64 patients would have a severe 

course, and 24 actually did (ppv=59%), from a total severe sample of 32 (sensitivity 76%). 
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In the JSSCD validation, it wag predicted that 188 would have a severe course, and 72 of 

these actually did (ppv=38%), &om a total severe sample of 103 (sensitivity 70%) (Table 

8.5). 

Table 8.5. 

Patients predicted and observed with mild or severe disease 

using two validations of the Bordin prediction scheme. 

Predicted outcome Pre-defined outcome 

Bordin (1989) Mild Severe 

Mild (HbF > 8%) 17 8 25 npv 68% 

Severe (HbF < 8%) 40 24 64 ppv 59% 

Total 57 32 89 

specificity 30% sensitivity 76% 

JSSCD validation 

Mild (HbF >8%) : 49 31 80 npv 61.3% 

Severe (HbF < 8%) 116 72 188 ppv 38.3% 

Total 165 103 268 

specificity 29.7% sensitivity 69.9% 

The model offers a similar performance in the 2 validations for correctly identi^ng mild pa-

tients (Bordin specificity=30%, JSSCD specificity=29.7%) or accurately predicting mild pa-

tients (Bordin npv=68%, JSSCD npv=61.3%). The model's ability to discriminate between 

mild and severe patient groups is very limited in the original development (Somers D—5.5% 

[0,27%]), and in the JSSCD application (Somers D=0% [0, 12.3%]). The model is better at 

predicting who will not have a severe course than identifying who will. 

Calibration of the Bordin system is presented in Figure 8.1. The percentages of observed se-

vere disease in each of the predicted categories (mild and severe) is similar between the 2 

validations, indicating that calibration is maintained in the subsequent application to the 

JSSCD. 

Early life predictor information were unavailable in 83 (26%) patients, often due to early 

death (40 cases) or emigration (9 cases), reducing the available sample to 239 patients (74% 

of the original sample). The difficulty in obtaining early-life information, even in a cohort 

regime, is apparent. 

The classification ability of the model for the original Miller validation, and after application 

to the JSSCD is presented in Table 8.6. The prediction model was developed with the aim of 

maximising specificity (minimizing the false positive rate of classification). Using the pre-

defined predicted probability of 36% that a child would have a severe disease course, 
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speciScity in the JSSCD was 85%, which is high but shows some degradation compared to 

the almost perfect original specificity of 99%. 

Table 8.6. 

Patients predicted and observed with mild or severe disease 

using two validations of the Miller prediction scheme. 

Predicted outcome Pre-defined outcome 

MiUer (2000) Mild Severe total 

Mild (prob < 36%) 95 12 107 npv 89% 

Severe (prob > 36%) 1 3 4 ppv 75% 

Total 96 

specificity 99% 

15 

sensitivity 20% 

111 

JSSCD validation 

Mild (prob < 36%) 160 41 201 npv 79.6% 

Severe (prob > 36%) 28 10 38 ppv 26.3% 

Total 188 

speciScity 85.1% 

51 

sensitivity 19.6% 

239 

In the original validation it was predicted that 4 patients would have a severe course, and 3 

actually did (ppv=75%), from a total severe sample of 15 (sensitivity 20%). In the JSSCD 

validation, it was predicted that 38 would have a severe course, and 10 of these actually did 

(ppv=26%), from a total severe sample of 51 (sensitivity 20%). The model transports rea-

sonably well to the JSSCD in its stated aim of minimising the number of mild patients that 

are wrongly classified as severe. The model performs poorly in the more general aim of accu-

rately identifying truly severe patients. In particular, the model's ability to discriminate be-

tween mild and severe patients has degraded substantially between the Cooperative Study of 

Sickle Cell Disease (CSSCD) validation (Somers D=78.5% [70.6% to 86.4%]) and the JSSCD 

validation (Somers D=5.6% [0 to 20.8%]). The model is better at predicting who will not 

have a severe course than identi^ing who wiU. 

Calibration of the Miller system is presented in Figure 8.1. The percentages of observed ad-

verse outcome in patients predicted as severe varied between the 2 validations, indicating 

that calibration is not maintained in the subsequent application to the JSSCD. 
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Percentage of predicted patients with observed adverse outcome for Bordin and Miller systems 

Calibration of prediction models 

3 severe disease J mild disease 

1 0 0 -

80 

60 

40-

20 

0 1 
Original JSSCD 

Borain (1989) 

O' iiir.ai JSSCD 

Miiler (2000) 

The Bordin prediction scheme used a single predictor and is possibly underfit, which could 

limit its accura<:y if applied to alternative populations. Reproducibility was not examined. 

Patients aged between 3 and 64 years were recruited in 1989 for development of the Bordin 

system. This sample spans a far wider birth period than the JSSCD validation sample, which 

were born and recruited between 1973 and 1981. 

The Bordin sample is a Brazilian population. The beta-globin haplotype is predominantly 

Bantu in Brazil, and Benin in Jamaica (50), which may influence variation in disease expres-

sion between the two populations. No other systematic differences have been documented. 

The Bordin prediction scheme publication is claasiGed as having a 'high' bias risk (Table 

8.3), because of a clinically ascertained patient sample, a cross-sectional analysis, and poten-

tially inappropriate statistical analyses. 

Three clinical events define adverse outcome in the Bordin system and are presented in 

Table 8.7 in the Brazilian and Jamaican population samples. 
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Table 8.7. 

Incidence of adverse events in the original Bordin system, and in the JSSCD. 

Any 
Number of . 

patients (%) 
Number of 

patients (%) Age 
adverse event Bordin (1989) JSSCD (n: =311) 

Leg ulceration 17 (19) 32.9±9.5 89 (29) 1.5.2±3.3 

Aseptic necrosis 13 (15) 27.7±14.9 8(3) 17.3+3.1 

Stroke 8 (9) 10.8±4.0 19 (6) 12.6±4.6 

There is a striking difference in leg ulceration and aseptic necrosis prevalence. This increased 

leg ulceration prevalence in Jamaica has been noted in comparisons with many other sickle 

cell disease populations (51). 

FoZ/ow-up 

The JSSCD validation followed the cross sectional design of the original Bordin validation. 

o/f/ie MzZfer syafem 

The Miller prediction scheme used many of the important early-life indicators of health-

status in sickle cell disease and incorporated resampling techniques to adjust for potential 

overfitting. Validation in a new sample from the same underlying population examined its 

reproducibility. 

(b) Historical 

Patients were neonatally ascertained in both studies. The Miller development sample was 

born between 1978 and 1988, and the JSSCD sample was recruited up to 5 years earlier. 

This was a period of rapid development in the management of the disease, and although a 5-

year recruitment difference seems minimal, the calibration of the system may be sensitive to 

secular variation. 

("cj GeograpMcaZ 

The Miller prediction scheme was developed in patients from multiple sites in the US, and 

the JSSCD validation based on a Jamaican population. Although anecdotal comparisons 

highlight differences in the incidence of clinical outcomes, there is little evidence to suggest a 

fundamental difference in disease expression. Recent estimates from the US and Jamaica de-

scribe a similar survival experience when applying the same analysis methods: 42 and 48 

years for US men and women, and 43 and 47 for Jamaican men and women (52;53). 
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The Miller system publication is classified as having a 'low' bias risk (Table 8.3) - it uses a 

neonatally ascertained patient sample, longitudinal data collection, and applies appropriate 

statisticEil analyses. 

Table 8.8. 

Incidence of adverse events in the original Miller system, and in the JSSCD. 

First adverse event Number of Age Number of Age 

patients (%) patients (%) 

Miller (n= =392) JSSCD (n= =322)* 

Painful events 17 (4.3) 7.9±3.7 10 (3.1) 7.6±5.9 

ACS 10 (2.6) 3.5j:1.0 1 (0.3) 3.4 

Stroke 25 (6.4) 6.1±3.4 17 (5.3) 8.3±3.9 

Death 18 (5.6) 5.1±3.7 63 (19.6) 5.8±6.4 

Total 70 (17.9) 5.9±3.6 91 (28.3) 6.4j:6.0 

• Miller (2000) additionally included 11 S-beta 0 patients in the initial patient sample 

Four clinical events define adverse outcome in the Miller system and are presented in Table 

8.8. Ninety-one (28%) JSSCD patients bad adverse outcomes compared with 70 (18%) from 

Miller's CSSCD population. The striking mortality difference is due primarily to increased 

levels of early life mortality in the first tercile of JSSCD recruitment (54). From the avail-

able sample, 51 (21%) were classiRed aa severe (9 pain crises, 1 ACS, 12 strokes, 29 deaths). 

Considering the predictor information, there were 48 (20.1%) cases of dactylitis in the 

JSSCD, representing a significantly greater first year incidence than that seen in the CSSCD 

original cohort (incidence rate ratio 1.7, 95% ci 1.1-2.7). Levels of steady state haemoglobin 

and steady state leucocyte count were anecdotally lower in the JSSCD compared to the 

CSSCD (Hb: 8.1 vs. 9.0 g per decilitre, leucocyte count: 16.3 vs. 16.9 x 103 per cubic milli-

metre). 

FoZZow-up 

Age ranges were restricted to 0-10 years for model application in both studies. 

pam mcfea; 

The 2 classification schemes (11;17) and the pain crisis index were applied to 292 JSSCD SS 

patients who bad at least one complete year of foUow-up. Discrimination between the three 

systems is presented in Table 8.9. The pain index is defined in Section 8.3.4(c), and a de-

scription of the methods used to define the discrimination in Table 8.9 is provided in Section 
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Table 8.9. 

Pairwise agreement between 2 claaslGcation schemes systems and the Pain Index 

Comparison Agreement Interpretation 

% of patients (difference between indices) 

Steinberg vs. EI Hazmi 0.41 (0.37 - 0.45) 50% of pat ients (differed by 117 and 161 places) 

75% of pat ients (differed by 73 and 88 places) 

95% of pat ients (differed by 58 and 73 places) 

Steinberg vs. Pa in Index 0.34 (0.29 - 0.37) 50% of pat ients (differed by 161 and 204 places) 

75% of pat ients (differed by 88 and 102 places) 

95% of pat ients (differed by 73 and 88 places) 

El Hazmi vs. Pa in Index 0.34 (0.30 - 0.38) , 50% of pat ients (differed by 161 and 204 places) 

75% of pat ients (differed by 88 and 102 places) 

95% of pat ients (differed by 73 and 88 places) 

Comparing z-scores, all indices had better than random agreement with each other 

(Steinberg vs. El-Hazmi: observed difference, 169.9 expected difference 304.3 (95% ci 288.9 to 

319.4) p<0.001. Steinberg vs. Pain Index: observed, 197.5 expected 292.5 (277.7 to 306.7) 

p<0.001. El-Hazmi vs. Pain Index: observed, 171.0 expected 276.0 (262.0 to 288.8) 

p<0.001). Rank agreement is presented in Table 8.9. Pairwise rank agreement ranged from 

0.34 to 0.41 and was highest for the Steinberg - El Hazmi comparison. Using the simulation 

study described in Section 8.8, an agreement of between 0.3 and 0.4 translates to 50% of a 

sample differing by between 50% and 75% (out by between 146 and 219 places in a sample 

of 292 people). 

Calibration is informally assessed using summary score distributions and are presented in 

Figure 8.2 as z-scores, and as a proportion of the theoretical maximum score for each classi-

fication scheme (16 for Steinberg, 14 for El Hazmi) or the practical maximum score of 13 for 

the pain crisis index. The two classification scheme measures indicate similar levels of me-

dian disease severity among the JSSCD patients (17.7%, 95% confidence interval 17.4 to 18.4 

for the Steinberg index; 16.8%, 95% ci 15.8 to 17.8 for the El Hazmi index). The greater 

variability of the El-Hazmi index is partly a consequence of more index items (16 compared 

to 8 for Steinberg). The pain crisis index provided a narrower and more stringent measure of 

disease severity, with a median score of 2.1% (95% ci 1.7 to 2.6). There were no gender dif-

ferences among the three indices (Steinberg; %^=1.67 p=0.20, El-Hazmi; %'=1.67 p=0.20. 

Pain crisis: %^=0.67 p=0.41). 
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Figure 8.2 

Summary distributions for Steinberg and El Hazmi classification schemes, and the pain crisis index 

among 292 JSSCD patients, with associated bootstrapped 95% conGdence limits for the median score. 
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All indices were applied to the same external population. 

All classification schemes were originally intended for cross-sectional use, and follow-up gen-

eralisability among the 2 schemes and the pain crisis index is presented in Figure 8.3. There 
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is httle variation in scoring with age. The Steinberg claasiGcation scheme suggests a decreas-

ing severity, and this is due in part to the lower severity score allocated to patients over 20 

years of age. The El Hazmi classification scheme and pain crisis indices suggest a mild sever-

ity increase in early adulthood. Both the Steinberg and El-Hazmi indices include painful cri-

sis as an item. The precision of all indices decreased beyond 18 years, as JSSCD members 

are currently aged between 18 and 26. 

Figure 8.3 

Annual severity scores by gender for 292 JSSCD patients using the Steinberg(1973), El Ha2imi(1990) 

and pain crisis classification schemes. 
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8.5 Discussion 

Preventive clinical procedures for the management of homozygous sickle cell disease remain 

invasive and costly, and carry associated risks (55-57). The possibility of identifying those 

most affected by the disease as primary candidates for intervention has encouraged a vocal 

and persistent call for methods to inform the classification of people with SS disease accord-

ing to some notion of health-status (58;59). At the same time, the barriers to such a classifi-

cation are widely understood (60). For a quantitative scheme to be of practical benefit, it 

should be capable of identi^ing 'severe disease' from early-life information, as the chance of 

success for much intervention is improved when irreversible organ damage is minimal. 

The systematic review identified 17 original quantitative summaries of SS disease health-

status: 14 classification schemes and 3 prediction schemes. A classification scheme quantifies 

a patient's health-status at a moment in time - it is a snapshot of a moving target, and as 

such can be of little use in the central question of whether the SS child will subsequently de-

velop severe symptoms. Moreover, all classification schemes were constructed with little con-

sideration for the basic tenets of good prognostic-index development (1). In particular, the 

psychometric properties of the schemes were not presented. The classification schemes in-

cluded arbitrary features, such as item inclusion without quantitative evidence, and use of 

cutpoints, and there is a burden of proof on the scheme developers to substantiate these ar-

bitrary decisions and validate the final scheme. A prediction scheme examines the predictive 

ability of prior events on subsequent outcome, and is likely to be a more fruitful framework 

for quantitative health-status assessment. 

A single scheme met the minimal 'low-bias' criteria for internal validity (4). The remaining 

schemes had methodological problems that reduced the chance of valid and generalisable re-

sults. In particular, only 2 articles used unselected patient populations, identified by neona-

tal screening. The remaining articles use clinic-based patient samples, which underestimate 

morbidity (61) and mortality (53), and so create a biased picture of health-status. 

Five schemes were examined for accuracy and generalisability: 2 prediction schemes and 3 

classification schemes. The well-constructed 'low-bias' Miller prediction scheme transported 

reasonably well to the JSSCD in its stated aim of minimising the number of mild patients 

that were wrongly classfied as severe. Generally, however, accuracy of both prediction 

schemes was poor, and general discrimination ability was minimal. Both schemes were better 

at predicting who would not have a severe course than identifying who would. The three 

classification schemes offered alternative descriptions of severity with substantial disagree-

ment in discrimination and calibration between schemes. With no absolute measure of accu-

racy possible for classification schemes the choice of scheme is important but intractable. 

The ability of any scheme to successfully transport to new populations will be dependent on 

the relative differences in patient demographics and environmental conditions between the 



Chapter Eight Health status in the JSSCD 8.19 

original and new application environments. SpeciGc differences between Jamaica and the 

original populations have been discussed. Generally, there is a trade-off between the com-

plexity of a scheme and its ability to successfully transport, which must be guided by the 

speciSc goals of the research (62). 

The failure to examine or failure of aspects of internal validity or accuracy will undermine 

clinical credibility, which invariably leads to rejection by the clinical community. A five-level 

hierarchy for examining the transportability of a scheme has recently been suggested, from 

prospective validation by the same authors (stage one), through a single independent validar 

tion (stage two), to multiple independent validations (stages three to five) (8). This report 

represents the first stage two validation for prognostic schemes in homozygous sickle cell dis-

ease. Whilst subsequent applications are crucial, good internal validity and accuracy will not 

guarantee the eventual acceptance of results. The likelihood t ha t prediction rules will be ac-

cepted, and be used is increased if results make clinical sense, and are easy to interpret and 

use. If aspects of the study design and implementation are contentious the probability of ac-

ceptance is decreased. 

8.6 Appendix One 

Data collection form 

Internal validation of 13 articles presenting a new prognostic index for the classification of 

patients according to dzgeose oukome or digeaae in homozygous sickle ceD diseaae. 



Section One; Boaic detmZa o/ artick 

(B) ASSESSMENT OF SEVERITY INDI-
CES/PROGNOSTIC MODELS USED IN HOMOZY-
GOUS SICKLE CELL DISEASE. 

ARTICLE CHECKLIST -

Reviewer 

Article ref 
Name of article 

Journal 
Volume, page 

number 
Primary author 
Year of publica-

tion 

Article Ciassifi-
cation 

Aim of Study 

Composite 
Index 

Complete 
validation 

State other: 

Prognostic 
Model 

Partial 
validation 

Other 
objective 

Composite Index: 
Prognostic Model: 

All sections except 4 
All sections except 5 

Section Two: Variables included in index/final model : Listing 

List under following categories: 

1. Patient characteriBtics, 2. Hematology, 3. Genetic, 4. Biochemical, 
5. Clinical, 6. Anthropomet ry , 7. Envi ronmenta l , 8. Psychosocial. 
9. Confounder . 10. Composite, 11. Other 



Section TAree; GeneroZ cAorocferiffica o/ meoaiiremenf scofea 
yoriatka incfuded in y%mẑ  

mojc(/:mkz 
Total number 

Number of categories covered 
Number of composite variables used 

Type 0/ scoZea 0/ vonoAka in 
modcf/injci 

^en(er (Ae number 0/wrioAka wifA 
(Aof acok̂  

Nominal 
Ordinal 
Interval 

Ratio 
Not stated 

Type 0/ meoauremcnf acok 0 / (Ae 
(ŵcome i;aria6k 

Nominal 
Ordinal 
Interval 

Ratio 
Not stated 

None 
^ 3 groups 
> 3 g r o u ^ 

S e c t i o n your; Statiaticof met/ ioda ybr c o n a t m c t i o n and voZidotion 
0 / p r o g n o s t i c modeZa 

Type 0/ mo twcd to ackcf 
cizmfŵok pfC(fic(or vorioA/ea 

Normal regression 
Logistic regression 

Cox survival model 
Recursive partitioning 

Other model type 

Not stated 
Univariate 

All included 
Stepwise procedure 

Best subset analysis 
Other 

Scfection modcf oaaumpfiona 
Checked 

Not stated 
Partly checked 

Sekcfion mode/ ̂  
Checked 

Not stated 



Type pred;c(%on modcZ 
CoeKcients for a normal regression 
CoefGcients for a logistic regression 

CoeKcients for a cox regression 
Prognostic tree 

Graphical 
Other 

FinaZ modef asgumptiofw 
Checked 

Not stated 
Partly checked 

EvoAiofion q/ yKnoZ modeZ 

Performed 
Not performed 

State method if performed 

yofwWion q / m o jeZ 
Not performed 

Internal 
Temporal 
External 

Other 

Cross v^dat ion 
Data^splitting 

Bootstrap 
Other 

y4 /w weropftmwm 
Performed 

Not performed 
State method if performed 

5ec(ion fitw; AofwficoZ mefAoda /or conafntcfion, aiwiZysM 
and 0/ compoaife wWices 

Scoring ^yatem 
No details 

Boolean 
Simple sum 

Normalized (0 to 100) sum 
Weighted sum 

Other 

.Summary meaaurea 0/ ifwiei 
None 
Mean 

Median 
Variance or conEdence interval 

Range or IQR 
Frequency distribution of scores 

Number or % of patients in subgroup 
Other 

(Type 0/ ono^aia uaed wifA indei 
None 

Parametric 
Nonparametric 

State methods used 

1 

Con(cn( roWify ^any aapccf^ 
Not considered 

Considered 
Details if considered 

Cona(ruc( vaWify ^any aapect^ 
Not considered 

Considered 
Details if considered 

Ae6aW:(y ^ n y a^ecf^ 
Not considered 

Considered 
Details if considered 

^cmatWwfy fo cAange (in 
Not considered 

Considered 
Details if considered 

0 



Section Siz; CZinicoZ roWafion o/ finoZ Afotkf/fndez 
/fwfntcfioTW /or procWcof iwe 

Provided and clear 
Provided but unclear 

Not given 

Data required wimZfy coWccta j 
ênfcr nwrnter q/ twriatfeâ  

Yes 
No 

Ckor (fe/%m(»oaa o/ uorioAks 
ênfcr number o/t/oriaAfcŝ  

No deEnitions provided 
Yes 
No 

gcnero/fy occepkd ^ 
yea fo otovc ênter numtcr q/ 

varioAfcs) 
Yes 
No 

(/ae o / orti^rory (Area/wWa 
Yes 
No 

BioZogteoZ AoftonWe /or preAc-
(ora 

/̂ emkr m?. o/ %«%r:o6̂  or 
/or n/ô  

Yes 

No 

BioZogicoZ AofionWe /or en<i-
pomfa 

(^enfer numter o / twinotZea^ 
Yes 

No 

ComprcAeTwiWîy fi.e.cfinico/ 
coreroge 0 / %mfeay^pre<ftcor vor*-

Not considered 
Considered 

Details if considered 

Con modeZ/ifwiea; 6e oppKed 
Yes, to individuals 

Yes, to a group 
No, not enough information 

B 

B 

B 

5̂ ectton Setfem; [/ftZtzotion 0/ (A&e ivWea; 
^aa t/ic mo jef imfea; 6een uaed 

in o(Aer aevertfy afwfiea 
Yes, cxactly (state number) 

Yes, modiGed (state number) 
No 

of which creator of index is an author 
of which creator of index is an author 

I,*af 0/ re/erencea (Aof /wve 
itaed (/le indeayynodef ezaef̂  

âWe ou(Aor of indeẑ  

I,iaf 0/ rc/erencea f/iaf 
Aore mo(/»;%e j ;m̂cay4no je/ 

TaWe if oufAor of indez) 
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8.7 Appendix Two 

Articles containing prognostic indices of disease outcome 

(D.l) Steinberg MH, Dreiling BJ, Morrison FS, Necheles TF. Mild sickle cell disease. Clinical and 

laboratory studies. JAMA 1973; 224(3):317-321. 

(D.2) Gaston MH, Fobi MAL. Sickle cell disease in children, a spectrum of illness. In: Cabannes R, 

editor. La Drepanocytose - Sickle Cell Anemia. Paris; INSERM, 1975: 19-32. 

(D.3) Bienzle U, Sodeinde 0, Effiong CE, Luzzatto L. Glucose 6-phosphate dehydrogenase deficiency 

and sickle cell anemia: frequency and features of the association in an African community. 

Blood 1975; 46(4):591-597. 

(D.4) Odenheimer DJ, Whitten CF, Rucknagel DL, Sarnaik SA, Sing CP. Heterogeneity of sickle-cell 

anemia based on a profile of hematological variables. Am J Hum Genet 1983; 35(6):1224-1240. 

(D.5) Cameron BP, Christian E, Lobel JS, Gaston MH. Evaluation of clinical severity in sickle cell 

disease. J Natl Med Assoc 1983; 75(5):483-487. 

(D.6) Pajot N, Maier-Redelsperger M, Dode C, Labie D, Girot R. Density distribution of red cells and 

prognostic significance in 50 patients with homozygous sickle-cell disease. Haematologia (Budap 

) 1988; 21(4):189-197. 

(D.7) Keidan AJ, Sowter MC, Johnson CS, Noguchi CT, Girling AJ, Stevens SM et al. Effect of po-

lymerization tendency on haematological, rheological and clinical parameters in sickle cell 

anaemia. Br J Haematol 1989; 71(4):551-557. 

(D.8) Bordin JO, Kerbauy J, Lourenco DM, Sesso R. Level of fetal hemoglobin as an indicator of 

clinical complications in sickle cell anemia. Braz J Med Biol Res 1989; 22(11):1347-1353. 

(D.9) El-Hazmi MA, Bahakim HM, al-Swailem AM, Warsy AS. The features of sickle cell disease in 

Saudi children. J Trop Pediatr 1990; 36(4):148-155. 

(D.IO) Olatunji PO, Falusi AG. Persistent hepatomegaly: an index of severity in sickle cell anaemia. 

East Afr Med J 1994; 71(ll):742-744. 

(D.ll) Thomas PW, Higgs DR, Serjeant GR. Benign clinical course in homozygous sickle cell disease: 

a search for predictors. J Clin Epidemiol 1997; 50(2):121-126. 

(D.12) Houston PE, Rana S, Sekhsaria S, Perlin E, Kim KS, Castro OL. Homocysteine in sickle cell 

disease: relationship to stroke. Am J Med 1997; 103(3):192-196. 

(D.13) levers CE, Brown RT, Lambert RG, Hsu L, Eckman JR. Family functioning and social sup-

port in the adaptation of caregivers of children with sickle cell syndromes. J Pediatr Psychol 

1998; 23(6):377-388. 
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(D.14) Anyaegbu CC, Okpala IE, Akren'Ova YA, Salimonu LS. Peripheral blood neutrophil count 

and candidacidal activity correlate with the clinical severity of sickle cell anaemia (SCA) [let-

ter]. Eur J Haematol 1998; 60(4):267-268. 

(D.15) Diop S, Thiam D, Cisse M, Toure-Fall AO, Fall K, Diakhate L. New results in clinical sever-
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8.8 Appendix Three 

We explored the level of discrimination between the composite measurement scales using two 

Monte Carlo simulations: one to examine the level of agreement between competing indices, 

and a second to interpret the observed agreement in terms of the relative ordering of pa-

tients under competing classification schemes. 

We applied two composite measurement scales (11;17) and the Pain Index to a single popu-

lation (the JSSCD) and standardised scores as z-scores, so that each person haa three scores, 

1 from each index. Pairwise differences between z-scores were computed for each person and 

these differences summarised as a total difference for the whole sample (fi^ereMce). 

A set of two random vectors of z-scores was simulated and differences between z-scores com-

puted as before. This simulation was repeated 5000 times to produce a distribution of ran-

dom z-score differences [expected difference). Observed and expected differences were com-

pared to obtain an exact p-value that describes the probability of obtaining an expected dif-

ference as or more extreme than the observed difference. 

Observed agreement was calculated as (observed - expected / expected) and can be any 

value between 0 and 1, where 1 is perfect agreement and 0 is random agreement. The inter-

pretation of the levels of observed agreement, described in terms of the relative ordering of 

patients under competing classification schemes, was provided by a second simulation study. 

Two vectors of ranks were simulated to create a pre-defined percentage of the sample (5%, 

10% and so on) with a rank order differing by 5%, 10% and so on (in the current sample of 

292 patients, 5%=15 places, 10%=29 places and so on). Pairwise differences between ranks 

were computed for each person and these differences summarised as a total difference for the 

whole sample {observed difference). A set of two random vectors was simulated as before, 

and a total expected difference calculated using ranks instead of z-scores. 
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Table 8.10. 

Simulated agreement for different percentages of a sample varying by differing numbers of places 

Sample Discrepancy (%) 
(%) 5 10 25 50 75 90 95 

5 0.992 0.985 0.962 0.928 0.894 0.885 0.878 

10 0.985 0.970 0.928 0.861 0.815 0.788 0.782 

25 0.961 0.926 0.824 0.695 0.617 0.590 0.562 

50 0.922 0.854 0.663 0.418 0.275 0.273 0.256 

75 0.884 0.778 0.472 0.098 0 0 0 

90 0.861 0.732 0.344 0 0 0 0 

95 0.854 0.719 0.303 0 0 0 0 

Agreement was calculated under the various levels of simulated difference, and these levels of 

agreement are presented in Table 8.10, which can be used for interpretation of agreement. 

For example an agreement of 0.5 relates to 25% of the sample out by over 95% (277 places), 

or 50% of the sample out by between 25 and 50% (73 to 146 places), or 75% of the sample 

out by approximately 25% (73 places) and so on. 
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Chapter 9 

Summary 

9.1 The Jamaican Study of Sickle Cell Disease in 2003 

Last year, the JSSCD celebrated its 30th anniversary. Since its inception in 1973, the many 

hundreds of researchers involved with the study have produced a prodigious hterature on 

many aspects of the disease, from basic epidemiology to successful clinical interventions to 

genetic advances. The continual (and continuing) clinical epidemiology that has been a 

halhnark of the study has ensured an enviable international research reputation for the Ja-

maican sickle-cell unit. For most of these 30 years Graham Serjeant (now Emeritus Professor 

at the University of the West Indies) guided the fortunes of the Unit. The success and lon-

gevity of the Unit and of the JSSCD are due largely to his considerable efforts, and also to 

the dedication of the clinic staff, and the willingness and cooperation of the study partici-

pants. 

But the study has grown beyond the research. It has become a way of life for over 700 par-

ticipants, and for over 300 members with SS disease it has provided the security of specialist 

clinical care in a familiar environment. 

The JSSCD today remains an active and important resource. It is the longest running cohort 

study on sickle-cell disease and is the only ongoing birth cohort studying adults with the dis-

ease. Its longevity has allowed researchers to amass an unrivalled data resource on the life-

course of people with the disease, and we are only now beginning to tap the enormous poten-

tial of this longitudinal databank. 

9.2 The challenges facing SCD epidemiology 

In chapter one we identified three major challenges facing SCD epidemiology: an incomplete 

natural history of the disease, how to recruit study participants and define haematology and 

clinical endpoints in ways that minimise study bias, and how to predict SCD health-status. 

Through most of the thesis we have investigated aspects of these challenges. 

9.2.1 Incomplete natural history of SCD 

Researchers have been describing the cUnical expression of SCD for over 60 years, but many 

of these published observations rely on clinically ascertained study participants with known 

biases. Many more aspects of the disease remain poorly defined, often because study popula-

tions (such as the very young or the old) are not readily available. 
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The JSSCD participants were recruited at birth and followed regularly thereafter eind so rep-

resent a remarkably detailed account of the first 30 years of life. We have used this strength 

in our descriptions of haematology (chapter 5) and clinical outcomes (chapter 6), and in our 

series of clinical cage studies. We planned these descriptions as the backbone of this thesis, 

and we have also expanded the thesis to consider the more general notion of how research 

methodology in SCD affects conclusions concerning the clinical course and health-status of 

people with the disease. 

In chapters 3 and 4 we have described how methods of identifying, recruiting, and following-

up people with SCD can influence clinical care, public health policymaking, and clinical re-

search. In chapter 3 we have shown that without a national neonatal screening programme, 

then in the first few years of life (when penicillin prophylaxis plays a crucial role in preven-

tive management) up to 90% of all SS children will not have enrolled to a specialist clinic. 

Moreover, we suggest that up to 50% of people with the disease may not receive specialist 

care in childhood. Comprehensive neonatal screening does not exist in many of the resource-

poor countries where SCD is a significant problem (using W H O criteria), and programmes 

for systematic disease identification, with regular follow-up thereafter must be a funding pri-

ority in these settings. 

This incomplete and delayed patient enrolment leads us to underestimate the size, morbid-

ity, and mortality of the patient population (the burden of disease); we are effectively push-

ing the disease underground. We might expect this low disease-visibility to translate into in-

adequate resources allocated to cope with the true disease burden. 

Also, because most SCD researchers still choose cross-sectional clinic-based populations their 

studies present biased descriptions of disease morbidity. Moreover, many studies are contra-

dictory, and often disagree partly due to different study methods or participants with differ-

ent disease characteristics (age for example will dramatically alter the incidence of most 

clinical sequelae of the disease). If we continue to ignore t h e limitations of studying these 

biased populations we will continue in our circular epidemiology of contradiction without 

progress. In chapter six (section 6.3.6) we have estimated the bias inherent in clinical event 

reporting, and have shown how statistical methods can be used to reduce these biases. We 

have offered guidelines for when an accepted statistical adjustment can work well, but it will 

not always be appropriate. In case study 5 we have presented a new adjustment method, 

which has allowed us to report new and encouraging figures on lifetime survival in SS dis-

ease; between 54 and 71 for women and between 49 and 59 for men. We were also able to 

show that the marked difference between our results and those from the US was entirely due 

to the method used to adjust for bias in the study population. 
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In chapter 4 we have reported that dropout due to death in the JSSCD is high, and is an 

inevitable consequence of studying a life-threatening condition for a long period of time. 

Death of a cohort member was always a cause for sadness, bu t was always important infor-

mation in our attempts to understand and minimise future mortality. Even default, which 

we attempted to minimise with active and persistent methods of follow-up, has provided us 

with information: we now know that the percentage of missed appointments is a strong pre-

dictor for subsequent death, and this provides us with a potential avenue for clinical inter-

vention. Most importantly, we have shown that participants tha t default or dropout have 

different levels of haematology and different clinical expressions, which has consequences for 

how we analyse observational studies in sickle-cell disease. 

In chapter 5 we reported important differences in haematology among SS disease defaulters 

that survived and SS disease defaulters that died. In those that have survived we report in-

creased levels of haemoglobin concentration, haematocrit, and fetal haemoglobin which to-

gether suggest a milder haematological expression. In those that have died we report in-

creased reticulocytosis. These results support (for the first t ime) the original theory of biased 

clinic populations suggested by the Jamaican SCU in the 1970s - that people with SCD do 

not attend clinics for two competing reasons: they have severe expression of the disease and 

possibly die before presenting to cUnic, or they have mild disease expression and rarely need 

to present to clinic. 

MWmzamg at'ucfy bma ,9." 

Methods to describe and to model haematological indices must be sensitive to their non-

linear associations with age. In chapter 5 we have described and implemented several useful 

strategies for modelling haematology, and have used these procedures to model 10 haemato-

logical indices from birth to 18 years of age, which extends an original description from birth 

to 6 years of age (1). 

Steady-state haematology is a fundamental exclusion criterion in SCD risk-factor epidemiol-

ogy. Haematology in the young child (less than 5 years old) is regularly discarded as an un-

representative period, but in chapter 5 we have shown that the period between birth and 5 

years of age can be modelled successfully. 

9.2.5 Health-status 

Health status in SCD has received many journal column inches in recent years. The possibil-

ity of identifying those most affected by the disease as candidates for clinical intervention 

has encouraged a vocal and persistent call for methods to inform the classification of SS dis-

ease according to some notion of health. 
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However, we have shown using a systematic hterature review in chapter seven that our de-

sire for a clinically meaningful classification of SCD is not yet matched by published work. 

The literature is currently confused and contradictory, and few articles meet minimal criteria 

for acceptable design. In chapter eight we have provided the first external validation of sev-

eral promising articles offering health status prediction schemes. We can verify the prognos-

tic ability of a single article if subsequent application matches the goal of that index (2). 

Generally, however, the models do not transport well to our Jamaican population. 

9.3 The future 

Definitions and best-practice in SCD research are urgently needed. Definitions and standards 

are available at the many SCD research centres around the world; the standards of each cen-

tre are usually developed by clinicians and are sensible. But without an evidence-base or a 

general consensus, 'standard' practice will continue to vary between the centres and their 

publications, making the comparison of articles difficult. International action is required to 

develop best-practice, and should begin with a consensus meeting to identify the issues and 

the path forward. 

The descriptions of disease aetiology have been led by two SCD cohorts: the JSSCD in Ja-

maica, and the Cooperative Study of Sickle-Cell Disease (CSSCD) in the US. These cohorts 

were each developed in the 1970s to describe the natural history of the disease in children, 

and they were suitably powered to meet their goals. Publications continue from both studies, 

and commonly the questions asked of these cohorts go beyond the original aims; complex 

statistical models and genetic studies will often be insufficiently powered using these cohorts. 

If new observational work is to continue in SCD, we must consider a new paradigm for our 

study populations. It is not unrealistic to consider a multi-centre cohort design with partici-

pating centres collecting information using a standardized patient entry system. Such a de-

sign will allow a study with considerably greater power than has been available. Addition-

ally, it will pave the way for international comparisons of the disease, which will become in-

creasingly important as the search for environmental causes of variation in disease expression 

gathers pace. 

9. ,9. g r/ie o/ 

The prediction of health status is perhaps the greatest research challenge facing the disease. 

We have described our initial efforts in this thesis to document the state of play in SCD 

health status research. We have concluded that Miller and colleagues have provided the best 

health status prediction model to date, using early-life events and sound statistical proce-

dures to predict future adverse clinical outcomes (2). Despite this, the model does not trans-

port well to other SCD populations, and it is unlikely to receive the clinical credibility it 
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needs for general acceptance. An important question now faces us. Can any single research 

centre improve upon this well-constructed model? Indeed, can BCD health-status ever be 

predicted? To make further progress we certainly need to consider major shifts in the meth-

ods we use to develop our models. 

Firstly, we must draw on international groups of participants, and create models that in-

clude international validation as part of their development process. An early example of such 

modelhng is described in our ongoing study below (section 9.3.5(c)). Secondly, we must re-

consider the 'claasical' risk factors for adverse outcome: early-life events and 'steady-state' 

haematology. Early-life events are not easily analyzable using current cohorts - the events 

are not available in large numbers, and so the power to detect meaningful differences in mul-

tiple regression models is probably inadequate. More fundamentally, many of the clinical 

events that might define 'adverse health outcome' (such as stroke, ACS, or the painful crisis) 

are acute and short lived, and we should question the ability of underlying, chronic (or 

steady-state) measures of haematology to accurately predict these outcomes. By deSnition, 

non-steady-state haematology are currently discarded as unrepresentative periods in a pa-

tient's life. Yet paradoxically, it is these acute phases that define the disease. Perhaps the 

use of non-steady-state haematology as alternative or supplementary risk factors may ulti-

mately allow an improved prediction of health outcome. 

P. 5..̂  o w (fweoae 

Our ability to manage the disease contributes to the definition of the disease at any point in 

time. As our management techniques improve we hope to reduce the clinical impact of the 

disease, and so bring about a corresponding improvement in quality of life. This process has 

consequences for SCD research. Clinical epidemiology reports a snapshot in time, and we 

must be vigilant and sensitive to secular changes in clinical outcomes. Regular updates to 

our clinical descriptions are required to monitor our changing ability to cope with the clinical 

sequelae of the disease. Health-status will be affected by these secular changes, and we 

should be careful to define health-status in ways that are not overly sensitive to secular 

variation. 

9.3.5 Ongoing studies and other work 

There are currently three major ongoing studies, which we describe below. These three stud-

ies were originally integral aspects of this doctoral thesis. W e soon realized that the pre-

requisite information for these studies was itself a major undertaking, and the original stud-

ies were downgraded to descriptions of future work. 

The haematological steady-state is a fundamental inclusion criterion in sickle-cell disease risk 

factor epidemiology. An accepted steady-state definition is not available. Definitions are gen-

erally based on clinical expertise, and substantial variation between study centres is appar-
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ent. In this ongoing study we will highlight and quantify the level of variabihty in the hae-

matological steady-state definition. We will quanti^ the practical effects of this variability 

on risk factor conclusions. We will develop a new steady-state definition using an unselected 

neonatal cohort and Bayesian statistical principles, and we will compare this new deGnition 

with currently available steady-state criteria. By definition, non-steady-state haematology 

are currently discarded aa unrepresentative periods in a patient's life. Yet paradoxically, it is 

these acute phases that define the disease. For the first t ime we will use non-steady-state 

haematology as alternative or supplementary risk factors for predicting clinical outcome. 

(b) Haematological reference intervals 

For the physician, an important tool in the clinical management of the sickle-cell patient is 

the comparison of pertinent haematology collected during a clinical event with known 

steady-state levels for the patient. The size of the departure can inform the physician about 

the progression and severity of the event. Such comparisons are only possible if the patient 

has a recorded steady-state history, collected during asymptomatic visits to their healthcare 

provider. Moreover, steady-state levels of much haematology change as the patient ages, and 

without ongoing attendance during asymptomatic periods, a patient's known steady-state 

levels soon become obsolete. Our proposed study will develop age-related reference intervals 

(RIs) for ten haematological indices that have a practical clinical application, which we have 

described in our introduction to Book Two. The study will have two components: 

Development. We will construct size RIs that are appropriate for comparing single values 

from an individual with an appropriate reference population. We will construct growth RIs 

that are appropriate for tracking an individual's changing haematological picture against the 

reference population. Our reference population will be the 315 SS participants from the 

JSSCD (165 men and 150 women). 

Publication. We will initially publish our findings in peer reviewed journals. We will dis-

seminate our findings to practising clinics in practical formats, using a dedicated website, 

and specially developed software. 

(c) Predicting health-status in the JSSCD 

Sickle-cell disease is characterised by a variable clinical course between individuals, and 

within individuals as they age. This variability poses a challenge to clinical trials of inter-

ventions for sickle-cell disease, which aim to reduce clinical complications. Power calcula-

tions often require many hundreds of patients followed over several years, making the devel-

opment of new therapies a long-term process. 

Biomarkers are measurable biological features that predict a clinical outcome, and which can 

be measured (with greater accuracy) earlier in the disease process. Their use as primary out-

comes can reduce the required sample size and trial length. A previous systematic review of 
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trials in sickle-cell disease found that, although use of biomarkers was widespread, insufG-

cient data were available to show that they reliably and accurately predicted the clinical 

event. 

In this proposed study we will use data from the Jamaican Cohort Study of Sickle-Cell Dis-

ease to develop prognostic models for biomarkers of painful crises and acute chest syndrome. 

We will validate our models for accuracy and generalisability using an external population 

from a London sickle-cell disease register. We aim to identify which biomarkers could be 

conSdently used in future clinical trials in place of common clinical outcomes, and wiU offer 

guidelines for their use. 

The project will be an international collaboration between the Tropical Medicine Research 

Institute, Kingston, Jamaica, the Institute of Child Health, Liverpool, UK and the Brent 

Sickle-cell and Thalassaemia Unit, London, UK. 

Several other studies will develop from this thesis. Following from our description of the 

sickle-cell unit workload in chapter 2, we plan to convert this analysis to an economic as-

sessment of the cost of treating SCD in Jamaica. This will offer the first insight into the fi-

nancial burden of this disease in the Caribbean. Allied to this study will be a cost / benefit 

projection for the introduction of neonatal screening across the island. We also hope to pur-

sue a more formal international comparison of SS disease between Jamaica and the US by 

comparing the two major cohort studies to emerge so far - t he JSSCD and the CSSCD. We 

will begin by comparing study methodologies and participant demographics, with a view to 

using each cohort as a validation sample for models developed in the other. 

^ reaourcea and reaearcA 

In the US in 1970, Colbert King, now an editor at the Washington Post, conducted research 

for Elliott Richardson, then the Secretary of the Department of Health, Education and Wel-

fare. They reported that the total historical federal funding for SCD was US$150,000, while 

that for cystic fibrosis (a similarly inherited and burdensome disorder but a disease for which 

the clinical consequences are perhaps more identifiable) was US$11.8m between 1967 and 

1971. In 2001, NIH funding for SCD research was US$59.8m compared with a US$85m re-

search budget for cystic fibrosis. This 42% lag in SCD funding is a glaring disparity consider-

ing that an estimated 30,000 Americans have CF compared to the estimated 80,000 Ameri-

cans with SCD. 

The situation may be even worse in the UK. On March 6th 2000, Jane Griffiths, Member of 

Parliament for Reading East introduced a debate on sickle-cell disease in the House of 

Commons. She noted a similar UK discrepancy in funding between SCD and CF, and also 
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commented on anecdotal evidence of fundamental gaps in general practitioner knowledge 

about the disease, 

"Evidence also shows that, in recent years, when people have visited 

their doctor or gone to hospital suffering from symptoms relating to 

sickle cell anaemia, they have been asked, "How long have you had the 

sickle cell condition?" That indicates that not all doctors even know that 

it is an inherited condition that cannot be contracted". 

House of Commons Hansard Debates. March 06, 2000. 

•www.publications.parliament.uk 

These disparities in resource allocation and knowledge have been ascribed to ethnic differ-

ences in the disease populations, and this is a legitimate concern. It is also quite possible 

that the low-visibility of SCD will contribute to the reduced drive of institutional measures 

to effect change. Add to these problems the social stigma of the disease, and we have a wide-

spread medical and social problem to which the response of governments is often inadequate. 

Despite an estimated 230,000 new cases per year, and approximately 70% of all cases living 

in sub-Saharan Africa (3), this is where the response to the disease is least adequate. The 

recognition of SCD as a social and medical problem in Africa will increase as the burden of 

infectious disease is reduced. More people with SCD will survive childhood, to place an even 

greater burden on healthcare infrastructures. It is imperative tha t we plan for this eventual-

ity, and focus our planning on solutions that can have a real impact in resource-poor envi-

ronments. And this is where the JSSCD can continue to impact on SCD research. 
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