-« Social Statistics Research Centre

- University of Southampton

Pathways of the Deter minants of Unfavour able Birth Outcomesin
Kenya

Monica Magadi, |an Diamond, Nyovani Madise and Peter Smith

Abstract

This paper explores the pathways of the determinants of unfavourable birth outcomes,
such as premature birth, the size of the baby at birth, and Caesarean section deliveriesin
Kenya, using graphical loglinear chain models. The results show that a number of factors
which do not have direct associations with unfavourable birth outcomes contribute to
these outcomes indirectly through intermediate factors. Marital status, the desirability of
a pregnancy, the use of family planning, and access to health facilities have no direct
associations with poor birth outcomes, such as premature births and the small size of the
baby at birth, but are linked to these outcomes through antenatal care. Antenatal care is
identified as a central link between various socio- demographic or reproductive factors

and birth outcomes.
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1 I ntroduction

Kenyais characterized by hugeinternd differences, and many women endure alifetime of poor hedth
and nutritiona status as a direct consequence of societd, cultural, political and economic factors. The
risks that women throughout the world face during pregnancy and childbirth are serioudy exacerbated
by thesefactorsin Kenya, making Kenyan women particularly vulnerableto adverse outcomes, both for
themsdvesaswdl astheir infants (Graham and Murray, 1997). Poor accessibility of services hasbeen
identified asan impediment to recelving adequate maternd hedlth carein the country, including antenatal
care (see Magadi, Madise and Rodrigues 2000), leading to poor birth outcomes for both the mother
and the baby. This paper exploresthe direct and indirect pathways of the determinants of unfavourable
birth outcomes in Kenya. The birth outcomes examined are premature births, smal size of the baby at
birth and Caesarean section deliveries. Prematurity and the size of the baby at birth are both important
determinants of the survival of a newborn baby. On the other hand, ddlivery by Caesarean section
representsdifficult delivery that might have resulted in the degth of the mother and/or the newborn baby
had appropriate medica care not been received.

The number of possible factors which are associated with pregnancy outcomesisvast. Theseinclude
background socio-economic, demographic and culturd factors, and awiderange of hedth carefactors
and nutritional satus. Socio-economic and demographic factors, such as income, low materna
education leve, very young or old materna age, and first births, have been linked to higher risks of poor
pregnancy outcomes (Herz and Measham 1987; Anandalakshmy et al. 1993; Gonzaez-Perez and
Vega-Lopez 1996; Cramer 1995).

Lack of appropriate materna health care contributes sgnificantly to poor pregnancy outcomes. Previous
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studies have demondrated the importance of antenatal care in reducing adverse pregnancy outcomes
such as perinatd mortality, low birth weight and premature delivery (Hollander 1997; NSO and Ml
1993; Coria-Soto, Bobadilla and Notzon1996; Magadi, Diamond and Madise 2001). Apart from
materna hedlth care, genera hedlth care behaviour in matters reating to reproduction is aso likely to
influence birth outcomes. For example, use of family planning can reduce the number of high risk

pregnancies and, consequently, reduce the incidence of adverse pregnancy outcomes.

A woman'sgenerd hedth condition, including her nutritiona status, hasadirect impact on her qudity of
life and productivity, and the life of her newborn. Poor nutrition is closaly associated with intrauterine
growth retardation and premature birth in both the devel oping and the devel oped countries. Studiesin
different parts of theworld haveidentified short maternd stature asarisk factor of poor birth outcomes
such as perinatd degth, premature birth, low birth weight and Caesarean section deliveries (Achadi et

al. 1995; NSO and MI 1993; Mavalankar et al. 1994). Other materna anthropometric indicators
such as pre-pregnancy weight, weight gain in pregnancy, body massindex (BMI) and mid-upper am
circumference have aso beenidentified to beassociated with perinatal outcomes (Achadi et al. 1995;

Pelletier et al. 1995; Mavaankar et al. 1994; Sharmaet a. 1994).

Previous studies have shown afairly consistent rel ationship between some of the demographic factors,
such asmaternal age and parity, and adverse pregnancy outcomes. However, the effect of some of the
background socio-economic factors, such as materna educationa attainment, has not shown a
congstent pattern.  While it is beieved that high maternd educationd attainment improves birth
outcomes by improving women's status and access to information and services, some studies have
linked higher materna educationd attainment with increased incidence of unfavourable birth outcomes,
such as premature delivery (see, for example, Prazuck et al. 1993). Such unexpected patternsneed to
be scrutinized carefully to diminate poss ble confounding associations. For example, educated women
may be more likely to report such events. It isaso possiblethat some of the background factors, such
asmaterna education, might influence birth outcomes indirectly through the intermediate factors.

Conceptua frameworks on the determinants of maternal health outcomes (McCathy andMaine 1992;
Magadi 1999) illustrate that background socio-economic and cultura factors influence adverse
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pregnancy outcomes through a wide range of intervening factors, including materna health care and
maternal hedth status. Other frameworksfor health outcomes, such asthe Modey and Chen framework
for child surviva, dso acknowledgethat background factors operate through proximeate determinantsto
influence hedlth outcomes (Modey and Chen, 1984). However, most empirical studies have focussed
on the direct associaions between the various factors and hedth outcomes, without paying much

attention to the pathways of the determinants. Thefew empirica studiesthat havetakeninto account the
proximity of the determinants of birth outcomes have mainly tsed multi-stage regresson models,

involving inclusion of background and proximete (intervening) variablesin themode &t different stages
(see for example Cramer 1995). While this is no doubt an important step towards recognizing the
pathways of the determinants, such methods fal short of enabling an examination of the complex

interre ationshi ps between the covariates, and hence, acomprehens ve understanding of the pathways of

the determinants.

This paper recogni zesthat an adverse pregnancy outcomeis therresult of complex interactions between
socio-economic and culturd factors, reproductive behaviour, health care utilization, maternd health and
other biologicd factors. Thus, to understand these interrelationships and the pathways of the
determinants, it isnecessary that an gppropriate statistical approach be employed. It hasbeen noted that
one of the mgor problems hindering investigations of the effects of socio-demographic variablesona
wide range of pregnancy outcomesisthe scarcity of well sructured multivariate techniquesto determine
the relative importance of various socio-demographic factors that have an impact on pregnancy

outcomes (Hgo and Wildschut 1995). This paper uses graphical chain models to explore the

association structure of the factors that may contribute to unfavourable birth outcomesin Kenya. This
approach enables us to establish both the direct and indirect paths between the determinants and the

Outcomes.

2 Data and M ethods

21 The Data



Thisstudy used data from the individua women' sand the househol d questionnaires of the 1993 Kenya
Demographic and Health Survey (KDHS). A description of the KDHS sampling procedureis reported
elsawhere (Nationa Council for Population and Development, Central Bureau of Statisticsand Macro
International 1994). The household questionnaire provided information for assessing household socio-
economic status, based on household possessions and amenities, while the women's questionnaire
provided information on individua women's characterigtics as well asinformation relating to specific
pregnancies or births which occurred during the five years preceding the survey. A tota of 6115 births

to 3929 women were digible.

The 1993 KDHS sample was anationally representative household based sample. The responserates
for the sampled households and eligible women of reproductive age were reasonably high at 97.1 and
94.8 percent, respectively. Furthermore, therewaslittle variation in response rates by key background
variables such as age, ranging from a low of 92.3 percent for the 15-19 year olds to a high of 96.0
percent for the 20-24 year old women (NCPD, CBS and MI, 1994). Although the overal KDHS
sample reflects a fair representation of the population of Kenyan women of reproductive age, it is
important to note that this study is based on recent births, hence women who are unlikely to have had a
recent birth will no doubt be underrepresented in the cases andysed. Nevertheess, such under-
representation is unlikely to influence the association patterns of interest, unless there is selective

omission of specific subgroups of women who are more prone to particular birth outcomes.

One congderation in the andyssrelatesto use of specific births as opposed to individua women asthe
unit of analysis. Previous andyses based on the 1993 KDHS data set have found evidence of a
sgnificant correation between births to the same mother for the variables of interest, such as materna

hedlth care and birth outcomes (see Magadi, 1999). Hence, we canmnot assume completeindependence
of the observations. Oneway of diminating this corrdation isto include only one birth per woman, for
examplethe most recent birth. However, such an approach reducesthe sample size, and consequently
the dtatistical power to detect Sgnificant associations. On the other hand, when multiple births per
woman are used without controlling for the woman effect, some non-existing associations may appear

important as p-vaues will be reduced.



We notethefact that thefirst option of using only one birth per woman would be gppropriateif dl births
to awoman were perfectly corrdated, whilethelatter option would beided if birthsto the same mother
were uncorrelated. Neither of these Stuations is applicable in our case. Since excluding some cases
fromtheandysisislikely to further increase the anticipated problem of sparsenessof cells, we chooseto
include dl the births. A ggnificance levd of 0.01 rather than 0.05 is used during model sdection to
account for the expected reduction in p-vaues. In order to assess the degree of potentia biasin the
result, comparisons are made with equivalent multilevel modes that take into account the potentia
correlation of births to the same woman, for selected key variables.

2.2 Analytical Methods

221 Loglinear Models

Loglinear moddsare useful in describing association patterns among categoricd variables. Theloglinear
model s make no digtinction between response and explanatory variables and may be based on different
sampling schemes multinomid sampling scheme, inwhich thetotal number of obsarvationsis consdered
fixed; row-multinomid, inwhich therow totals arefixed; and the independent Poisson sampling scheme,
which imposes no regtrictions on the cdl counts. Nevertheless, much of the theory carries through,
regardless of which sampling scheme is adopted (Edwards 1995). Under Poisson sampling, the
generd loglinear modd for athree-way table is given by:

_ X, Yy nZ, oXY, o XZ vz XYz
logmye =+ 27+ 37+ 47+ 37+ AT+ QT+ A [1]

where mic are the expected cdl frequencies, singly-subscripted ? are the main effects, doubly-
subscripted terms pertain to two-factor interactions; and thetriply- subscripted term pertain to the three-
factor interaction.

Equation [1] representsthe saturated mode which perfectly fitsthe data, and setting certain parameters
in the equation equd to zero yields models of marginal, conditional or mutua independence. In this
paper, selection of terms in the mode is based on the likelihood ratio test statitic, particularly edge
excduson deviances. Themodeling isredtricted to hierarchicd loglinear models, whereby theindusion of
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higher-order effects implies that the corresponding lower-order effects are d so included in the modd.
Detallsonloglinear mode estimation and selectionisavailablein standard textbooks on categoricd data

anaysis (seefor example, Agresti 1996).

2.2.2 Graphical Models

Graphica moddling isapowerful method of formulating and interpreting complex multivariate models,
where graphsare used to represent model's. The model s enabl e conci se representati ons of associationa
and causal relations between variables under study (Edwards 1995).  Graphical association models
include graphicd loglinear modelsfor contingency tables and covariance sdlection moddsfor corrdaion
matrices. In this paper, we only focus on graphica loglinear modes for categoricad dataandyss.

Each model isrepresented by agraph where variables (vertices) are represented by dots. Connections
(edges) between variables are ether lines, representing symmetric associations between variables, or
arrows, representing potentialy causal associations.  Each missing connection corresponds to
conditiona independence. Two variables are said to be conditiondly independent, given theremaining
vaiables, if and only if intheloglinear modd dl interaction termsinvolving thetwo variablesare zero. In
graphicd modelling, our interest isin theincluson or exclusion of acomection (associatior/ interaction
between variables) and not individud variables.

A dassof graphs of specid interest isthe class of chain graphs, which tiein with the early proposal for
path andys's, where the use of graphs with arrows and lines were suggested to formulate a Satistical
mode (Wermuth and Lauritzen 1990). A description of the chain graphsis given in Appendix i.

Graphica loglinear chain moddsare used, inthispaper, primarily to formulate hypotheses about indirect
relaionsin an association sructure. The procedure involves partitioning the varidbles into sub-sets
(blocks), ordered to form a chain, based on possible causa direction that is determined apriori. The
andyds entails the study of inter-block associations and associations between variables in different
blocksto provide direct and indirect pathways from each of the determinantsto the outcome variables.
Any association between two variables from the same block is assumed to be non-causd, while
associ ation between two variablesfrom different blocksis considered aspotentialy causd. Linkingthe
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blocks into a chain gives the direct and indirect paths between any variables and their potentid
determinants. This method has been gpplied successtully in the andysis of determinants of infant
mortality in Maaysia (see Mohamed, Diamond and Smith 1998).

Thefactorsincludedin thisandysisare partitioned into four distinct blocks, ordered toformachain. At
the end of the chain is the block conggting of indicators of unfavourable birth outcomes, namely,
premature ddivery, smal baby at birth and Caesarean section delivery. The birth outcomes are
assumed to be directly influenced by materna hedlth care and nutritiona status grouped in the third
block. Alongside these factors are the biologica factors, such as multiple births and sex of child, which
may aso have adirect influence on the birth outcomes. The second block consgts of factorsrelating to
reproductive behaviour and accesshility of hedth services. These factors may contribute to
unfavourable birth outcomes either directly or indirectly through thefactorsin thethird block. Inthefirst
block, we have the socio-economic and demographic factors, which may influence birth outcomes
through theintermediatefactors, but may at the sametime have adirect influence on the birth outcomes.

These potentid interrelations are summarized in the conceptua framework presented in Figure 1.

(Figure 1 about here)

The number of casesincluded in the andysis ranges from 6107 for the modd containing only Block 1
variablesto 5336 for the complete modd containing variablesin dl theblocks. Theanayssisbased on
cases which had complete information on al the variables in the respective models. The per cent
digtribution of variables in the complete modd isgivenin Table 1.

(Table 1 about here)

The final modds are sdlected by stepwise backward imination procedure. Starting with the model
with al connections present, the nornSgnificant connections (based on edge exclusion deviances) are
excluded one a a time, removing the least sgnificant connection fird, until only the sgnificant
connections (p<0.01) are left in the modd.



3 Results

3.1  Associations Between the Background Socio-economic and Demographic Factors

The socio-economic and demographic factorsthat areincluded in the analyssare urban/rurd resdence,
ethnicity, the level of maternal education, household socio-economic status, materna age group and
marital status. Some of theimportant factors, such asregion and partner’ s education, were not included
due to their strong corrdation with variables aready in the modd. For ingtance, region is strongly
corrdated with ethnicity and the partner’s level of education has a strong correation with both
household socio-economic status and the level of materna education. The decision of which factor to
retain was made on the basis of theoretica aswedll as Satistica consderations. For example, ethnicity
was chosen over region since it is a good indicator of the different cultura practices that play an
important rolein maternd hedlth and birth outcomes. Within the Kenyan context, and Africaasawhole,
ethnicity definesanindividud’ sidentity with aparticular group, having adigtinctive language, vauesand
culture. It is a powerful factor from which individuas derive their fundamenta identities and values.
Indeed, preliminary analyss confirmed that ethnicity explains a larger proportion of the variations
observed than region of resdence. The edge exclusion deviances based on the two-way interactions
modd are presented in Table 2.

(Table 2 aout here)

Thetotd devianceto explainin Block 1, whichisthe deviance againgt completeindependence of the Six
background socio-demographic factors, is4169 on 957 degrees of freedom. Theresidua deviance of
the two-way modd presented in Table 2 15991 on 880 degrees of freedom, implying that asubstantial
proportion of the deviance is accounted for by the two-way interactions.

The results show that al the background socio-demographic factorsin Block 1, except maternd age
and household socio-economic status are dependent on each other given the rest of the factors. The

paticularly high edge excluson deviances for the interactions between age and marital status, and

8



between household socio-economic status and both rural/urban residence and educetion are dueto the
fact that Sngle mothersare morelikely to be young and women of high socio-economic status are more
likely to be highly educated and reside in urban areas. The independence graph for the associations
between Block 1 varigblesispresented in Figure 2. Any two variables connected with an edge have a
ggnificant association given the rest of the factors in this block, while the absence of an edge implies
conditiona independence between the factors.

(Figure 2 about here)

The independence graph shows that materna age isindependent of household socio economic status
given the rest of the variables. The relationship between maternd age and ethnicity is a reflection of
regiond/culturd differentiasin fertility behaviour. For instance, ardatively high proportion of birthswill
oCcur among younger women in communities where women marry and start child bearing early as
opposed to those where marriage usudly occurs at a later age. It is important to note that the
associations observed between the various factors and ethnicity may reflect the association between
these factors and region, since region and ethnicity are highly correated.

3.2  Reproductive Behaviour and Accessibility of Maternal Health Care Services

Threefactorsrelating to reproductive behaviour and one factor used asan indicator of the bility
of afacility offering materna hedth care wereincluded in Block 2. The reproductive factors were the
birth order, the desirahility of the pregnancy, and ever use of family planning while time to the nearest
delivery care facility was used as a measure of accessbility of materna hedth care. The loglinear
modds at this sage included the variables in the first two blocks. The analyss of the association
gructures involved the study of the associations between factorsin Block 1 and Block 2 (inter-block
associations), aswell as associations of variableswithin Block 2 (intra- block associations), conditioned
on factorsin both Block 1 and Block 2. The edge exclusion deviances for the two-way interactions
with the Block 2 variables are presented in Table 3.

(Table 3 aout here)



A very strong association was observed between materna age and the birth order. Thisis expected
since higher order births are more likely to occur among the older than younger women. The other
farly strong associations are: between the birth order and the desirability of a pregnancy, the level of
materna education and marital status; between desirability of apregnancy and marital status; between
family planning use and ethnicity; and between hedlth facility accessibility and urban/rura resdence. The
conditiond probabilities (not shown) reved that women with high education or thosewho aresingleare
lesslikely to have higher order births compared to their counterpartswith lower education or thosewho
aremarried. The strong associ ation between ethnicity and ever useof modern family planning methods
isareflection of theregiona and/or cultura disparitiesin the use of family planningin Kenya Aswould

be expected, urban residents have better access to maternal health care services than rurd residents.

The independence graph for the intra-block associations of reproductive behaviour and service
bility, aswell asthe associ ationswith the background socio- demographic characterigtics isgiven
in Figure 3.

(Figure 3 about here)

Theindependence graph in Figure 3 showsthat birth order, the desirability of apregnancy and ever use
of family planning are mutualy dependent given the background socio-demographic characteristicsand
bility of a materna hedth facility. However, each d these three factors is independent of
maternal heslth facility accessibility once urban/rura residence, ethnicity and household socio-economic

dtatus are controlled for.

The graph further showsthat birth order and ever use of modern family planning methods are associated
with dl the background socio-demographic factors included in the andyss. The dedirahility of a
pregnancy isaso associated with al except household socio-economic satus. Maternd hedth facility
accessihility isdependent on urban/rura residence, househol d socio- economic gatusand ethnicity. The
associaion between the accessibility of maternd hedth services and ethnicity is a reflection of the
regiond disparitiesin the didtribution of hedth facilitiesin the country.
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As mentioned earlier, this andyss uses multiple births per woman which might create spurious
associations, since births to the same mother are likely to exhibit some similar characterigtics.  For
ingtance, some women may be morelikely to have unintended (unwanted or mistimed) pregnanciesthan
others. One way of assessng the degree of potentid bias resulting from use of multiple births per
woman is through a comparison of the results obtained in the loglinear analyss with results based on
multilevd logit models that control for corrdaion between births to the same mother. When al
explanatory variables are categoricd, logit models have equivaent loglinear models (see, for example,
Agresti 1996:163). A comparison of theloglinear resultsfor factorsassociated with the desirability of a
pregnancy with the corresponding multilevel logit modd, that controlsfor potentia correlation of births
to the same woman, givesfairly condstent results between the loglinear and the multileve logit modd,
despite the observed fairly strong woman effect on the desirability of a pregnancy. All the varigbles
which showed a sgnificant association with the desirability of apregnancy in the loglinear andyssare
ggnificantinthemultileve logidic regresson andyss. Theloglinear anadyss showsthat dedirability of a
pregnancy isindependent of household socio-economic status and materna hedth facility bility.
Theseresults are confirmed by the multileve logigic anadlyss, which showsthat thesevariables are not
sgnificantly associated with the odds of an unintended pregnancy.

3.3 Prenatal Care and Maternal Nutritional Status

Prenatal care and maternd nutritiond status are likely to have a direct influence on undesirable birth
outcomes, such as premature delivery, sze of baby a birth and Caesarean section ddiveries.

Appropriate antenatd careis measured interms of thetiming of thefirst vist and the frequency of visits
during pregnancy. These two variables were combined into one in order to retain those who never
received any antenata care in the andysis while at the same time ensuring we do not have structurd

zero cellswhich might create problemsin themoddling process. Maternd nutritiond statusisbased on
maternd height and weight-for-height. Thesethree variables make up thethird set of factors, Block 3.
The edge exclusion deviances for the two-way associations between these variableswith Block 1 and

Block 2 variables are presented in Table 4.

(Table 4 about here)
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The associations between antenatd care and ethnicity, the level of materna education and household
socio-economic Satus arefairly strong. An examination of the conditiond probabilitiesreved that the
Luo have the highest probability of having no antenata care. On the other hand, the Kikuyu have the
highest probability of having recelved some antenatd care, but at the same time more likely to sart
antenata carelatein pregnancy. Thosewith at least secondary level education or in households of high
s0ci0-economic gatus have sgnificantly higher probabilities of starting antenatd care early (in the first
trimester) and of receiving at lesst four antenatal care vigts during pregnancy.

Theindicesof nutritiond status, namely height and weight-for-height, are strongly associated with each
other. The conditiona probabilities show that short women are likely to have high weight-for-height.
Like antenatd care, weight-for-heght has Sgnificant associationswith dmog al the factorsin thefirst
and second blocks. The relationships with household socio-economic status and ever use of family
planning are particularly strong.  The conditiona probabilities indicate that high household socio-
economic satus and ever use of modern family planning methods are associated with high weight-for-

height score.

Ontheother hand, height has significant associations only with ethnicity and education leve, in addition
to weght-for-height. Even though height is a measure of nutritiond datus, the srong association
between height and ethnicity can be partly attributed to genetic differences between the various ethnic
groups. Members of specific ethnic groupstend to be shorter or taler than others even when they are
exposed to the same environment. However, the fact that conditiond probabilities of height given
education show that those with low education are more likely to be shorter than those with higher
educationd attainment is probably an indication of higher nutritiona status for the later. Fgure 4
summarises the direct associations with Block 3 factors based on intra-block associations and inter-

block associations with factorsin Blocks 1 and 2.

(Figure 4 about here)

34 Associations with Unfavour able Birth Outcomes
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The unfavourable birth outcomesincluded inthisandys's, namdy, premature ddivery, smdl size of the
baby at birth and Caesarean section ddliveries may be associated directly or indirectly with thefactors
in thethree blocks discussed in the previous sections. In addition to thesefactors, birth outcomesmay
aso bedirectly associated with somebiologica factors, such asmultiple birthsor the sex of child. A test
for an association between multiple births and the sex of child showed no significant rdaionship. The
direct associations between the unfavourabl e birth outcomes and the potential determinantsare shown
by the edge exclusion deviances givenin Table 5.

(Table 5 aout here)

Thereisastrong association between the Size of the baby at birth and premature ddliveries whichisnot
surprising since premature babies are usualy smaler than average. Other strong associations are
between Caesarean section ddliveries and ethnicity, household socio-economic status and materna
height. The highest proportion of Caesarean section deliveriesare among the Kikuyu women, thosein
households of high socio-economic status and among short mothers. While short materna stature may
be associated with difficult deliveries, making it necessary to have a Caesarean section, higher rates of
Caesarean section ddiveries among the Kikuyu or women of high socio-economic status may be
attributed to better access and utilization of essential materna hedlth care services by these sub-groups
of women. With respect to the baby’ s Size at birth, the most important factorsinclude the sex of child,
multiple births and birth order. The intra-block and inter-block associations of the undesirable birth
outcomes are presented in Figure 5.

(Figure 5 about here)

Figure 5 showsthat the size of baby at birth and Caesarean section delivery areindependent, giventhe
timing of birth (premature or full term) and the rest of thefactors. However, both the Sze of the baby at
birth and Caesarean section delivery are associated with thetiming of birth. Premature babiesare more
likely to be samdl at birth, and also more likely to be by Caesarean section delivery compared to full

term babies.
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Thefactorswhich aredirectly associated with premature delivery include: maternd age, ethnicity, birth
order, antenatd care and multiple births. The size of the baby at birth isassociated with the same set of
factorsexcept ethnicity. Inaddition to the above factors, the sex of the child isaso associated with the
baby’'ssze. A number of factors have adirect association with Caesarean section deliveries. These
include: socio-economic and cultura factors, such as maternal education level, urban/rural residence,
household socio-economic status, and ethnicity; demographic factors, namely, materna ageand birth
order; hedth care factors, such as service accesshility, and ever use of modern family planning

methods, and maternd nutritional status, messured in terms of maternal height and weight-for-heght.

Some of the variables do not have a direct association with the poor birth outcomes, but may be linked
to these outcomes indirectly through other factors. For instance, the desirability of a pregnancy and
marital status have no direct association with poor birth outcomes. However, both of these factors
appear to be associated with a premature birth and the baby’s size at birth through antenata care.

There are many possible pathsin the system, and it is difficult to present these clearly inasingle graph.
Hence, the variables are re-arranged such that variables which are dependent on each other, and have
common associations, are put in sub-blocks. The set of edges connecting each of the variablesina
sub-block to aparticular variable may then be replaced with asingle edge connecting the varigbleto the
sub-block. However, if the associations are only with some of the variablesin asub-block, then edges
are drawn to these particular variables (see, for example, Mohamedet al. 1998). Theintra-block and
inter-block associationsfor the whole framework are presented in Figure 6. Thisfigure shows both the
direct and indirect associations.

(Figure 6 about here)

Figure 6 demondrates that dl the factors in Block 1 have a direct or an indirect associgtion with a
premature birth, the baby’ s Size at birth and Caesarean section deliveries. Marital status has no direct
link with these birth outcomes, but is linked to them through its association with intermediate factors,
such as birth order, family planning practise, and antenatal care. Materna age on the other hand, has
both direct and indirect associations with dl these birth outcomes. The socio-economic indicators,
namely, theleve of maternal education, urban/rural residence and household socio-economic Satusall

have direct associations with Caesarean section ddlivery and arelinked to premature ddliveries and the

14



sze of the baby at birth through the factors in the second and third blocks. Ethnicity has a direct
association with premature births and Caesarean section deliveries, and is linked to the baby’s Sze
through birth order and antenata care.

Among the varidblesin Block 2, birth order has adirect link with dl the birth outcomes.  Ever use of
modern family planning methods and accessibility of materna heglth care have adirect association with
Caesarean section deliveriesand dso have anindirect link with both premature delivery and the baby’s
gze at birth through antenatal care. The desirability of a pregnancy has no direct association with the
unfavourable birth outcomes, but islinked to premature delivery and the S ze of the baby a birth through
antenatd care. An important variable in this analyss worth singling out is antenata care, which
condtitutes a centrd link between many of the socio-economic or reproductive factors and birth
outcomes. All the socio-economic and demographic factors in Block 1 and the factors relaing to
reproductive behaviour (except birth order) and facility accessin Block 2 are associated with the size of
the baby at birth and premature birthsthrough antenatd care, even though some of these factors do not

have direct associations with the poor birth outcomes.

4 Discussions and Conclusions

This study has examined the associations between various sets of factors that can contribute ©
unfavourable birth outcomes either directly or indirectly through other factors. The results show awide
range of significant associations both within and between the various sets of factors. Theintra-block
associations show that al the socio-demographic factors are associated with each other, with the
exception of materna age and household soci0-economic satuswhich areindependent given the other
factorsintheblock. Clearly, thereisan enormous number of potential pathways of the determinants of
the unfavourable birth outcomes, considering the observed direct and indirect associations between
factorsin dl the four blocks. These pathways cannot al be discussed in detail, but some deserve
particular mention.

When conddering only the direct associaions with birth outcomes, we would conclude that

reproductivefactors, such asmarital statusand the desirability of apregnancy, have no association with
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unfavourable birth outcomes, such as prematurity or smal baby’s sze a birth. However, an
examination of possble pathways of the determinants of these birth outcomes shows that both marital
gatusand desirability of apregnancy have anindirect link to the birth outcomesthrough antenata care.
For example, conditional probabilities show that unintended births or birthsto single mothers are both
associated with poor antenatd care (late sart of antenatd care and inadequate number of vigts), which
is in turn associated with higher probabilities of poor birth outcomes such as premature ddlivery.
Although previous studies had observed smilar association patterns between antenatal care and the
desirability of apregnancy or marital status (Weller, Eberstein and Bailey 1987; Joyce and Grossman
1990; Magadi, Madise and Rodrigues 2000) and between antenatd careand birth outcomes (Ahmed
and Das 1992; Coria-Soto et al 1996; Magadi, Madise and Diamond 2001), the linking role of
antenatal care between the different sets of factors only becomes evident in the kind of analyss

employed in this paper.

Smilarly, resultsfrom asingle multivariate modd on the determinants of premature birthscan lead tothe
concluson that socio-economic factors, such as maternal education, urban/rurd resdence and

household socio-economic status, have no sgnificant association with prematurity (Bener, Abdulrazzaq
and Dawodu 1996; Magadi et al. 2001; Xu et al. 1995). However, thisanadyssillustrates that even
though these factors have no direct association with premature births, they do have an indirect

associ ation through some of theintermediatefactors, particularly antenatd care, and sometimesthrough
accessto maternd hedlth care service. More or lesssimilar pathways exigt for the determinants of the

baby’'s 9ze at hirth.

In terms of policy implications, an important finding relates to the centrd role of antenata care.

Antenata care condtitutesthelink between many of the socio-economic factorsaswell asreproductive
factors with poor birth outcomes, such as prematurity and smal baby’s Sze at hirth. Emphass on
appropriate antenatal care, with respect to both timing and frequency of the visits should, thus, be given
priority by safe motherhood programmesin Kenya. Such programmes should have specia focusonthe
subgroups which have been identified as having higher risks of not receiving adequate antenatd care,
such aswomen with unplanned pregnancies, Sngle mothers, women of low socio-economic satus, and

women living in rura areas. The results suggest that poor access of materna health care servicesis
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associated with inadequate antenatd care. A preiminary examination of the distribution of the sample
indicated that the mgority of women (71%6) travel for at least an hour to get to an antenatd carefacility,
and the results confirm a significant association between the time it takes to get to an antenata care
facility and adequate antenatal care. Thus, making antenatal care services more accessibleislikely to
make a dgnificant contribution to improving antenatd care in the country.

While the findings of this sudy highlight the importance of adequate antenatd care in promoting

favourable birth outcomes, it isimportant to recognize that anumber of recent studies have queried the
effectiveness of some components of antenatd care in reducing therisk of poor pregnancy outcomes.
In particular, questions have been raised on the effectiveness of materna weight and blood pressure
measurements, and the frequency of visits (McDonagh 1996; Munjanja, Lindmark and Nystrom 1996;
Villar and Berggo 1997). Despite these reservetions, there is wide support for the argument that
antenata care encourages women to seek trained delivery assstance (Bloom, Lippeveld and Wypij

1999). It is, therefore, necessary that the limited resources available target those components of

antenata care proven to be the most cost effective (see, for example, Villar and Berggo 1997).

Apart from providing acomprehendve picture of the determinants of unfavourable birth outcomes, the
andysdisin this paper sheds some light on possible explanations to some of the inconsistencies on the
determinants of poor birth outcomes with respect to specific variables observed in previous studies.
For example, the effect of maternal education on premature birthsisunclear from previousstudies. Itis
likdy that studies based on modds which include factors, such as antenatal care, through which
education is likely to influence premature births, would conclude that education has no effect on
prematurity. On the other hand, if the intermediate factors, through which education influences
prematurity are not included in the model, education would then appear to be associated with
prematurity. This shows that careful sdlection of variables to be included in the models would help
minimise spurious direct association and hence lead to a more accurate identification of the important

factors.

A potentid limitation of thisandys's, mentioned earlier, isthe use of multiple births per woman without
contralling for the woman random effect, even though we recognize that birthsto the same mother are
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likely to be corrdlated. Oneway of ng the extent of the potentid biasin the associations dueto
these corrdationsis through comparisons with equivaent multileve logit model s that take into account
the woman level homogeneity. One such comparison with unintended births as the outcome variable
identified exactly the same set of important factors, suggesting that it isunlikely that correlations between
births to the same woman could have affected our results sgnificantly.

Further comparisons of the direct associaionswith unfavourable birth outcomes, with themultilevel logit
models of the same outcomesin aseparate analysis (see Magadi 1999) aso suggest high consistency in
theidentification of important factors, with afew exceptions. One noticegble differenceiswith respect
to materna age whichisobserved to have as gnificant association with both premature birth and baby’ s
gze a birth in the loglinear andysis, but not in the equivdent multilevd logigic andyss. Itislikdy that
the unobservable woman characteristics, which are taken into account by the multilevel models, are
correlated with materna age. As such, the modelswhich do not control for the woman random effect

would tend to identify age as an important factor.

With respect to Caesarean section ddliveries, again there is reasonable consistency in terms of the
important factors, such as maternd height, birth order, ever use of modern family planning methods,
maternal age, and household socio-economic satus. However, other factors, namely ethnicity,
rural/urban residence, materna education, hedth facility accesshility and weight-for-age score are
ggnificantintheloglinear analyss, but not inthemultilevel logigtic regresson anadlyss. Thesefactorsare
likely to be correlated with unobservable factors at the district or woman level which are taken into
account in the multileve andyds.

An important issue worth mentioning is that of saf-selection, where for example, mothers from
economically advantaged backgrounds, who may have lower risks of adverse birth outcomes, choose
to use antenata services frequently, resulting in a strong positive association between the use of
antenatal servicesand favourable birth outcomes. |If the economic characteristics of thewomen arenot
adequately captured in the modelling process, the association between antenatal care and birth
outcomes may be estimated with postivebias. Alternatively, high-risk mothersmay sdf-select and use

antenata services so0 that an observed negative association between the use of antenatal care and
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favourable birth outcomes could be aresult of this self-selection (see, for example, Kotelchuck et al.
1984; Manski 1989; Pitt 1996). Statistical software to atenuate selectivity bias or endogeneity have
recently become available (see, for example, Lillard and Panis 1998) but to the authors knowledge,
such software cannot handle the graphical loglinear chain modelsused in thisstudy. Thisisan areafor

further research.

Overdl, this study has made an important contribution on the understanding of the pathways of the
determinants of birth outcomes. In particular, the sudy reved stheimportance of factorsthat may have
an indirect association with birth outcome, a phenomenon that other approaches might conced. The
andysis dso sheds some light on possible explanations to some inconsistent results from previous
gudies on the determinants of poor birth outcomes. An important finding for policy relates to the
importance of antenata care, identified as a centrd link between a number of factors and birth

outcomes.
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Table 1 The per cent digtribution of variables in the complete loglinear moddl

Variable Category Per cent Number of cases
Residence

urban 10.6 564

rural 89.4 4772
Ethnicity

Kdenjin 15.8 843

Kamba 9.7 515

Kikuyu 15.3 819

Luhya 18.9 1006

Luo 14.5 775

other 25.8 1378
Maternal Education Level

None or primary incomplete 58.6 3127

primary complete 20.9 1115

secondary and above 20.5 1094
Household Socio-Economic Status®

low 34.7 1853

medium 53.7 2867

high 115 616
Maternal Age

below 20 years 18.4 984

20-34 years 70.0 3736

35 years and above 11.5 616
Marital Status

sngle 7.7 409

married 85.3 4552

previously married 7.0 375
Birth Order

1st 20.2 1077

2-4 43.2 2303

5+ 36.7 1956
Desirability of the Pregnancy

wanted then 47.9 2554

wanted later or no more 52.1 2782
Ever use of Family Planning

never used modern methods 60.3 3216

ever used modern methods 39.7 2120
Timeto Nearest Maternal Health Facility

less than 1 hour 28.7 1533

1 hour or more 71.3 3803

! _ Cases missing information on any of the variablesin the complete model are excluded.
%~ Household socio-economic status index, derived from reported household possessions and amenities.
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Table 1 (Continued)

Variable Category

Timing of 1st Antenatal Care Visit,
and Frequency of Visits
no antenatal care
3rd trimester, less than 4 visits
2nd trimester, less than 4 visits
1st trimester, less than 4 visits
3rd trimester, 4 or more visits
2nd trimester, 4 or more visits
1st trimester, 4 or more visits
Weight-for-Height®
low (less than 100)
average (100-120)
high (greater than 120)
Height (cm)
less than 150
150-160
more than 160
Sex of Child
mae
femde
Multiple Births
single birth
multiple births
Baby’s Size at Birth
normal /big
small /very small
Premature Delivery
full term
premature
Delivery by Caesarean
no
yes

All

Per cent

3.8
11.5
17.5

0.6

4.4
48.9
13.3

18.0
51.9
30.1

5.4
49.6
44.9

49.9
50.1

97.0
3.0

84.7
15.3

96.2
3.8

95.0
5.0

100

Number of cases

5176
160

4518
818

5134
202

5069
267

5336

% - Weight-for-height per cent of WHO reference median, categorized as: Low (less than 100),

Average (100-120), and High (greater than 120).
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Table 2 The edge exclusion deviancesfor the associ ations between the socio-demographic factors(The
degrees of freedom are given in brackets)

Vaiddle Age Education Residence  Socio-economic  Ethnicity
Status

Education 290.4 (4)**

Residence 11.0 (2* 409 (2)**

Socio-economic | 1.1 (4) 370.8 (4)** 652.1 (2)**

status

Ethnicity 48.2 (10)** 158.2 (10)**  153.8 (5)** 193.4 (10)**

Marital status 417.4 (4)** 76.7 (4)** 151 (2** 204 (4)** 104.3 (10)**
Note: ** - Significant at 0.1% level ( p<0.001)

* - Significant at 1% level (p<0.01)
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Table 3Edge excluson deviances for the factors reating to reproductive behaviour and service

accessi hility factors (The degrees of freedom are given in brackets)

Birth order Pregnancy Use of family Facility
Vaidble wantedness planning accessibility
Pregnancy wantedness 191.4 (2)**
Use of family planning 30.75 (2)** 38.73 (1)**
Facility accessibility 3.93 (2 0.07 (1) 5.19 (1)
Maternal age 2584 (4)** 22.26 (2)** 9.51 (2)* 145 (2)
Education 268.3 (4)** 16.05 (2)** 131.5 (2)** 9.61 (2)*
Residence 24.61 (2)** 13.47 (1)** 39.99 (1)** 330.1 (1)**
Socio-economic status 19.25 (4)** 3.20 (2) 90.18 (2)** 10.16 (2)*
Ethnicity 59.6 (10)** 67.73 (5)** 170.2 (5)** 28.59 (5)**
Marital status 291.1 (4)** 213.9 (2)** 12.79 (2)* 1.63(2)

Note: ** _ Ggnificant at 0.1% level ( p<0.001)

* - Significant at 1% level (p<0.01)
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Table 4 Edge excluson deviancesfor thefactorsraaing to antenatal care and materna nutritiona Satus

(The degress of freedom are given in brackets)

Vaiadle Timing and frequency Heght Weght-for-heght
of antenata care
Height 25.55 (12)
weight-for-height 42.79 (12)** 268.7 (4)**
Birth order 24.35 (12) 9.13 (4 7.87 (4)
Pregnancy wantedness 42.12 (6)** 1.20 (2 6.74 (2
Use of family planning 91.70 (6)** 2.57 (2) 128.4 (2)**
Facility accessibility 22.85 (6)** 0.31 (2) 24.91 (2)**
Maternd age 40.51 (12)** 5.66 (4) 23.35 (4)**
Education 149.9 (12)** 61.1 (4)** 29.38 (4)**
Residence 36.40 (6)** 854 (2) 63.40 (2)**
Socio-economic satus 144.6 (12)** 12.76 (4) 120.6 (4)**
Ethnicity 210.1 (30)** 368.9 (10)** 113.3 (10)**
Maritd satus 38.18 (12)** 7.70 (4) 10.09 (4)
Note: ** - Significant at 0.1% level ( p<0.001)

* - Significant at 1% level (p<0.01)
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Table 5Edge excluson deviances for the associ ations with poor birth outcomes and assisance during

ddivery (The degrees of freedom are given in brackets)

Vaiadle Premature birth Small baby Caesarean section
Small baby 219.0 (1)**
Caesarean section 10.65 (1)* 2.97 (1)
Antenatd care 40.28 (6)** 25.95 (6)** 10.80 (6)
Height 4.82 (2) 349 (2) 31.39 (2)**
weight-for-height 2.96 (2) 5.14 (2) 29.54 (2)**
Birth order 15.45 (2)** 22.63 (2)** 29.47 (2)**
Pregnancy wantedness 0.15(1) 0.04 (1) 0.12 (1)
Use of family planning 2.92(1) 1.02 (1) 17.44 (1)**
Fecility accessibility 1.97 (1) 0.57 (2) 10.80 (1)*
Maternd age 11.27 (2)* 18.69 (2)** 10.54 (2)*
Education 8.01 (2) 1.18 (2) 20.95 (2)**
Residence 6.49 (1) 0.46 (1) 29.77 (1)**
Socio-economic satus 752 (2) 0.33(2 40.69 (2)**
Ethnicity 18.95 (5)* 8.34 (5) 65.45 (5)**
Marital status 481 (2) 8.86 (2) 6.69 (2)
Sex of child 0.27 (1) 38.45 (1)** 2.16 (1)
Multiple births 25.01 (1)** 20.87 (1)** 0.52 (1)
Note: ** _ Significant at 0.1% level ( p<0.001)

* - Significant at 1% level (p<0.01)
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Figure 1 Framework for pathways of determinants of unfavourable birth outcomes
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Figure 2

I ndependence graph for background socio-demographic factors
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Figure 3 Reproductive behaviour and sarvice hility factors (intra-block and inter-block

associations)
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Figure 4. Intra-block and inter-block associations with antenatd care and maternd nutritiond satus
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Figure5 The direct associations with unfavourable birth outcomes
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Figure 6 The direct and indirect pathways of determinants of unfavourable birth outcomes
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Appendix i: A Description of Chain Graphs.

The chain graphs are based on a partition of the variable (vertex) set V = { vy,...,vn} into digoint
subsets, V = SE S...E S and acorresponding factorization of thejoint dengity f(vs,...,vy,) as:

f(S)F(S0 S)..H(SO Se1 .Sz rnS) (see Edwards 1995).

The subsets § are caled chain components or blocks. Variablesin the same block are concurrent,
thus, their association structure is assumed symmetric, without causal ordering.  The components are
ordered such that S isprior to S, fori = 1,...,k-1. All edgesbetween verticesinthesameblock are
undirected, and al edges between different blocks are directed, pointing from the block with the lower
number to thehigher. If alineis missing between two verticesv,winthesameblock S , or anarrow is
missing fromvi S for j<i,towl S then this meansthat:
v wo SE SE ...E S\{v,w},

read as, v isindependent of w, given the rest of the factorsin the current and previous blocks. The
chain componentsare perhaps best interpreted as delinesting adataanal ysis srategy: firgt, an undirected
modd for the varidbles in S, will be chosen, then the conditiona didribution of S given S; will be
modelled, then the conditiond digribution of S given S, and S; will be modelled, and so on.
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