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Abstract In this paper, Weibull unobserved heterogeneity (frailty) survival
models are utilized to analyze the determinants of infant and child mortality in
Kenya. The results of these models are compared to those of standard Weibull
survival models. The study particularly examines the extent to which child survival
risks continue to vary net of observed factors and the extent to which nonfrailty
models are biased due to the violation of the statistical assumption of independence.
The data came from the 1998 Kenya Demographic and Health Survey. The results
of the standard Weibull survival models clearly show that biodemographic factors
are more important in explaining infant mortality, while socioeconomic, sociocul-
tural and hygienic factors are more important in explaining child mortality. Frailty
effects are substantial and highly significant both in infancy and in childhood, but
the conclusions remain the same as in the nonfrailty models.

Keywords Determinants of infant and child mortality - Mortality differentials -
Unobserved heterogeneity - Frailty - Sub-Saharan Africa - Kenya

Introduction

Like most developing countries, Kenya started experiencing declines in early life
mortality in the late 1940s (Hill 1992); the declines continued through most of the
1970s and 1980s (Brass 1993). Infant and child mortality rates currently standing at
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77 and 41 per 1,000 live births, respectively, are still high even by sub-Saharan
Africa standards (Central Bureau of Statistics, Ministry of Health & ORC Macro
2004). However, the reasons for this high mortality remain largely unknown as there
are no systematic analyses of the determinants of infant and child mortality in the
country. This study examines in particular the socioeconomic, sociocultural,
biodemographic, and household environmental factors associated with mortality
among children in Kenya, and the extent to which the survival outcomes of siblings
are associated net of the observed factors. This association of child survival
outcomes even after accounting for different known determinants of mortality has
been attributed to unobserved heterogeneity or frailty (Sastry 1997a; Madise and
Diamond 1995; Curtis et al. 1993). This analysis is conducted separately for infancy
(0-11 months) and childhood (12-59 months) because the effect of factors
associated with mortality among children varies by the age of the child (Manda
1999; Sastry 1997a).

The association of siblings’ survival outcomes net of observed factors arises in
the context of clustered data. Studies of childhood mortality in developing countries
have largely utilized women’s retrospective birth histories data from World Fertility
Surveys (WES) and Demographic and Health Surveys (DHS). This suggests that the
lifetimes of a woman’s children are dependent and therefore their risks of death are
correlated. The clustering of siblings’ survival experiences has methodological and
substantive implications. Methodologically, models that ignore the clustering in
siblings’ survival experiences could be biased as they violate the statistical
assumption of independence. In this respect frailty models are important because
they allow for the correlation in siblings’ survival experiences and hence yield
accurate estimates of mortality determinants. Frailty models are also substantively
important as they allow for the estimation of the effect of unmeasured and
unmeasurable factors on the risk of death. In this paper, we control for correlation
between siblings’ survival risks at the family level, which also captures the effect of
unobserved factors on the risk of child death.

Frailty: some theoretical perspectives

The major assumption of the hazard models and other standard statistical techniques
is that the observations are independent. However, in DHS the information on
children is collected from mothers in sampled households, hence children are not
independent observations. In the presence of correlated observations, the informa-
tion provided on siblings is less than would have been the case if the same number
of children were from different households. This leads to small standard errors and
hence falsely significant estimates, while in the case of hazard models it yields small
parameter estimates that are inconsistent and biased (Guo and Zhao 2000; Trussell
and Rodriguez 1990). Adjusting for the correlation structure in the data corrects for
the biases in parameter estimates and provides correct standard errors and hence
correct confidence intervals and significance tests.

Besides the methodological issue of correlated mortality risks of siblings, there
are also substantive considerations associated with frailty. Generally, frailty in
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mortality studies is an unmeasured effect and serves to represent the idea that
individuals in the population are heterogeneous due to factors that remain
unobserved (Cleves et al. 2004; Sastry 1997b). Accounting for all relevant
determinants of mortality would cause frailty in any group of families to disappear;
it is only of importance if it points to factors that have not yet been considered for
analysis (Das Gupta 1997). Frailty effects reflect a diversity of factors that can be
broadly classified as genetic, behavioral and environmental factors, occurring at
individual-, family- and community-level (Sastry 1997b). The discussion here is
limited to the first two levels; Sastry (1997b) provides a detailed discussion on the
effect of unobserved community factors.

Unless one is conducting a biological survey, genetic factors are unobserved in
social surveys such as DHS. They are therefore important in the understanding of
frailty effects particularly at the family level among children born to the same
mother (Vaupel 1989). Unlike in the developed countries where most of the causes
of death are congenital, in the less developed countries most child deaths are due to
infectious diseases. Although the role of genetic factors is likely to be stronger for
congenital causes of death, genetic variation underlies differentials in susceptibility
to infections and there is therefore a genetic component to all illnesses (Sastry
1997b). However, the role of genetic factors in mortality differences between
families is limited. This is because genetic factors inimical to child survival are kept
low by natural selection, which ensures that those who die young have no chance of
passing on their unfavorable genes (Guo 1993).

Genetic factors are largely unmeasurable, but surveys rarely include all
theoretically relevant and measurable covariates. For instance, in demographic
and health surveys, health seeking behavior during pregnancy and after child
delivery is collected only for children born in the last 3-5 years preceding the
survey. Consequently, information on the use of antenatal care, immunization,
delivery care, and breastfeeding is unavailable for a majority of the children and it
forms part of the unobserved behavioral factors at the family level. The behavior on
utilization of antenatal and postnatal care is correlated between siblings (Magadi
et al. 2001; Pebley et al. 1996) and is therefore important in the interpretation of
shared unobserved behavioral factors at the family level (Sastry 1997b). Other
behavior that could be unobserved includes beliefs about the causes of illnesses and
the manner of their treatment.

Children belonging to the same family are clearly exposed to the same household
environmental conditions (Sastry 1996; Curtis et al. 1993). Demographic and health
surveys collect information on sanitation facilities and sources of drinking water,
which serve as proxies for hygiene behavior including waste disposal, body
cleanliness, and food preparation and storage. However, the type of toilet facility
and source of water may not adequately capture the complexity associated with
household environmental conditions and patterns of hygiene behavior, which
suggests that the conditions and behaviors will comprise part of the family frailty
effects.

An often recurring issue in studies of correlated mortality risks is the role of
maternal competence in child care, which is independent of maternal education. For
instance, Das Gupta (1990) demonstrated that women who experienced multiple
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child deaths were often less resourceful and less organized in caring for their
surviving children and running the household even when compared with other
women in households with similar socioeconomic conditions. In general, most
mothers are resourceful and skillful in childrearing and the proportion in a
population that is lacking in these skills is likely to be small, thus pointing to an
innate inability that is not directly measurable. Childcare could also be differen-
tiated by the gender of the child, with girl children being at a greater disadvantage in
terms of feeding and receiving healthcare when sick (Das Gupta 1997). Preferential
childcare by sex is unobserved because parents would not readily admit that they
practice gender discrimination among their children.

The mother is used in this study as a measure of the family, and it is assumed that
even though the woman is in a polygamous union, she is the de facto head of the
household. We first estimate models that assume that siblings’ mortality risks are
uncorrelated and then compare the results of these models with those of models that
explicitly control for the correlation of siblings’ survival experiences and
unobserved heterogeneity. The presence of frailty indicates the amount of variation
across families and suggests that deaths are likely to be clustered in certain families.
The major problem associated with the interpretation of frailty effects is that, being
unmeasured, it is difficult to uniquely identify what these effects comprise and the
exact mechanisms through which they affect the risk of death. The best one can do
is to include as many factors as is theoretically possible to reduce the effect of
frailty. However, even when all theoretically relevant factors are accounted for, the
effect of unmeasured factors is never completely muted.

Data and methods
Data

This study utilizes data from the 1998 DHS for Kenya undertaken by National
Council for Population and Development and Macro International of USA within
the broader framework of demographic and health survey programs for developing
countries. The 2003 DHS for Kenya became available at the end of 2004. However,
the 1998 DHS was the first to clearly show that mortality conditions were on an
upward trend. Naturally, it is important to first analyze these data as the basis for
understanding contemporary mortality conditions and trends. Birth history infor-
mation was collected from 7,881 women of reproductive age, 1549 years. This
analysis excludes children born in the month of interview because their survival
experience is unknown. Of the 7,881 women, 5,716 reported a total of 23,348 births;
2,165 women were nulliparous. A detailed description of the survey including the
sampling procedure, quality of the data, and the descriptive information on child
mortality, fertility, and family planning among others is available in the country
report (National Council for Population & Development [NCPD], Central Bureau of
Statistics [CBS] & Macro International [MI] 1999).

A fundamental criterion in survival analysis is that the covariates correspond to
the time the event occurred. The socioeconomic, sociocultural and hygienic factors
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considered in this analysis likely refer to conditions at the time of the survey. But it
is possible that the factors have changed over the course of a woman’s childrearing
and childbearing history. However, migration status refers to lifetime residential
shift and hence it is invariant. Similarly, in Kenya as in most of the developing
world, female schooling ceases with the start of childbearing and rarely resumes
thereafter. Also, because it is not known whether household socioeconomic status
has changed over time, it is assumed that it has remained unchanged. The biode-
mographic factors that are included are specific to each child and therefore
correspond to the conditions under which the child was at risk of death. The
inclusion of the biodemographic factors, especially the survival status of elder
siblings and preceding birth interval, necessitate that we consider the entire birth
history of the woman. Previous studies left-truncate the sample to minimize recall
errors, which are assumed to be larger the farther back in time one moves. Despite
the identified problem of age heaping (Marckwardt and Rutstein 1996) it seems
unlikely that mothers ever forget the age at death of their children or that they
experienced a child’s death. Also, in situations where the risks of immediate pairs of
siblings are correlated, truncating the sample at certain birth orders or at certain
years before the survey would mean that the entire risk profile for children in the
same family would not be captured.

Analytical method

The dependent variable is the risk of death in infancy or childhood measured as the
duration of survival since birth in months. Consequently, survival analysis
procedures initially proposed by Cox (1972) are used to examine the effect of
various factors on the risk of death. The main advantage of survival or hazard
models is that they account for the problem of censoring in data from reproductive
histories. A fundamental discriminating criterion between various survival models is
the distribution that the timing function is assumed to follow (Cleves et al. 2004).
Based on preliminary results documented in Omariba (2004), we utilize the Weibull
proportional hazards model of the form:

hi(t/x;) = exp(B'x;) iyt ™", (1)

where h;(t/x;) is the hazard of child death at time #; y is an ancillary shape parameter
estimated from the data, x; is a vector of covariates with associated vector of fixed
parameters f§; while the scale parameter is parameterized as 4 exp(f'x;). The choice
of the Weibull model is made on the basis of well-established knowledge on the
distribution of deaths in human populations. Mortality is generally high in the first
year of life; it declines in other ages of childhood and through most of the teenage
years, increasing slowly in adult ages and especially in old age. The Weibull
distribution is also appropriate for hazards that are either monotonically decreasing
or rising (Blossfeld and Rowher 2002). The model is estimated by the Stata software
(StataCorp 2003), which constructs the likelihood function of the study’s
observations, maximizing the resulting function with respect to the unknown
parameters, f3, 4, and 7.
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The hazard model with frailty assumes that the individual risk of death is a
function of measured factors (Eq. 1) and a random perturbation on the baseline
hazard due to the unobserved family effect. The model is of the form:

hij(t ) xii, 05) = oy (t/x7), (2)

for data consisting of n groups with jth group comprised of n; observations. The
index j denotes the group (j = 1,...,n), while i denotes the observation within group,
(i = 1,...,n;). In this study, the indexes i and j correspond to children and mothers,
respectively. The frailty, o, is a random positive quantity shared within the families,
which for purposes of model identifiability is assumed to have a mean of one and
variance, 0. Being unobserved, frailty is captured by its variance, 6, and is assumed
to follow a gamma distribution (Sastry 1996; Oakes 1982). It is estimated from the
data and measures the variability of frailty across families. A variance estimate that
is significantly different from zero will indicate that unmeasured and unmeasurable
factors shared by siblings affect the risk of death and that their survival risks
are correlated. If the variance estimate is zero, it means that all families have the
same risk of death, that is, mortality does not differ between families. Unlike the
nonfrailty models, frailty models do not estimate a unique risk of death for children
with particular characteristics. The risk of death in frailty models depends on both
the measured factors and the unmeasured family effect. Their resulting hazard ratios
are therefore family-specific and measure the effect of a particular variable on the
risk of death within a particular family (Cleves et al. 2004).

Control variables

This paper aims to assess the extent to which shared familial factors, but which are
unmeasured, affect child survival net of observed factors. The selection of the
observed factors is based on the Mosley and Chen (1984) conceptual framework and
existing literature on child mortality (see, for example, Rutstein 2000; Manda 1999;
Sastry 1997c; Kuate-Defo 1996). In the Mosley and Chen framework all
socioeconomic and sociocultural determinants of child mortality operate through
a common set of five proximate determinants (maternal factors, household
environmental contamination, nutrient deficiency, injury, and personal illness
control) to affect child health. The socioeconomic factors included in this study are
maternal education, migration status, household socioeconomic status, and year of
child’s birth, while the sociocultural factors are ethnicity, marital status and type of
marriage, and religion. The proximate factors include survival status of the
preceding sibling, preceding birth interval, maternal age at birth of child, source of
water, and type of toilet facility.

Table 1 presents the distribution of the variables selected for this analysis by
number of births and deaths. Except for migration status and household
socioeconomic status, the other variables are self-explanatory. Migration status
was constructed using maternal current and childhood place of residence. Nonmi-
grants comprise women whose current and childhood place of residence is the same,
while migrants are women for whom either of the places of residence is different.

@ Springer



Determinants of infant and child mortality in Kenya 305

Table 1 Percentage distribution of children by covariates used in analysis of child mortality in Kenya

Variables Births Deaths

Number Percent Number Percent

Migration status

Rural nonmigrant 18,676 80.0 1,840 79.1
Urban nonmigrant 1,234 53 91 3.9
Urban—rural migrant 1,798 7.7 271 11.7
Rural-urban migrant 1,640 7.0 123 53
Maternal education level

Primary 13,549 58.0 1,359 58.5
None 5,458 234 718 30.9
Secondary or higher 4,341 18.6 248 10.7
Socioeconomic status

Medium 13,503 57.8 1,354 58.2
Low 7,048 30.2 822 354
High 2,797 12.0 149 6.4
Year of birth

<1980 4,555 19.5 569 24.5
1980-1984 4,115 17.6 400 17.2
1985-1989 5,218 22.3 464 20.0
1990-1994 5,588 239 603 25.9
1995-1998 3,872 16.6 289 12.4
Ethnicity

Kikuyu 3,124 13.4 114 4.9
Kamba 2,333 10.0 196 8.4
Kalenjin 4,568 19.6 335 14.4
Kisii 1,733 74 132 5.7
Luhya 3,548 15.2 423 18.2
Luo 3,326 14.2 734 31.6
Meru 1,380 59 71 3.1
Mijikenda 1,938 8.3 213 9.2
Taita 827 35 65 2.8
Somali/others 571 24 42 1.8
Religion
Protestant 14,829 63.5 1,459 62.8
Catholic 6,298 27.0 624 26.8
Muslim 1,204 5.2 138 5.9
Other 1,017 44 104 4.5
Marital status and type of marriage
Monogamous marriage 15,985 68.5 1,379 59.3
Polygynous marriage 3,725 16.0 538 23.1
Single 3,638 15.6 408 17.5
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Table 1 continued

Variables Births Deaths

Number Percent Number Percent

Source of drinking water

River, lake, rain water 11,971 51.3 1,285 55.3
Well water 5,697 24.4 597 25.7
Piped water 5,680 24.3 443 19.1
Type of toilet facility

Pit latrine 17,796 76.2 1,605 69.0
Water closet 1,320 5.7 61 2.6
No facility 4,232 18.1 659 28.3
Previous child survival status®

Alive 15,399 87.3 1,233 53.0
Dead 2,233 12.7 531 22.8
Preceding birth interval®

19-35 months 9,390 533 945 40.6
<19 months 3,029 17.2 472 20.3
36+ months 5,213 29.5 347 14.9
Maternal age at child’s birth

<20 5,758 24.7 752 323
20-24 7,697 33.0 664 28.6
25-29 5,386 23.1 449 19.3
30-34 3,005 12.1 289 124
>35 1,502 6.4 171 74
Total (if no inapplicable cases) 23,348 100 2,325 100

a

The numbers do not add up to 23,348 because 5,716 children are first births and hence have no
preceding sibling. The preceding child survival status and birth interval does not apply to this group of
children

Ownership of household items, itself a proxy of amount of disposable income, is
used as a measure of household socioeconomic status. The items used to construct
this variable are ownership of radio, television, refrigerator, bicycle, motorcycle,
and car. Households in the “low” socioeconomic status category do not own any
of the items; those in the “medium” category own either a radio or bicycle,
while households in the “high” category own a television, refrigerator, motorcycle,
or car.

There were very few observations with missing information on the selected
variables. The numbers ranged from 31 (maternal childhood place of residence) to
155 (whether household has a refrigerator). In this case, the observations were
retained and assigned the mean value for the particular variable or the value for the
“other” category as appropriate. However, since the numbers of children with
missing information relative to the overall sample are very small the recoding will
have minimal impact on the results reported here.
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Results
Descriptive analysis

In order to undertake an analysis controlling for frailty it is first necessary to
examine the distribution of births and deaths to determine the potential correlation
of children born to the same mother. The distribution of births and child deaths from
the 1998 DHS for Kenya, are presented in Tables 2 and 3, respectively. Table 2
shows that over 80% of the families contribute two or more births to the sample.
Only 38% of the families have five or more children, and yet these children make up
about two-thirds of total children.

The results in Table 3 show that 2,325 of the children had died either in infancy
or childhood, suggesting that one in ten children do not live to see their fifth
birthday. Further description of the mortality in the population is provided by Fig. 1,
which shows the survival functions of all children in the data set. The results show
that 70 per 1,000 children had died by age one, 85 per 1,000 had died by age two,
while 104 per 1,000 children had died by age five. Table 3 also provides evidence of
substantial clustering of child deaths in certain families. The 2,325 deaths occurred
to 1,483 families; 4,233 families had never experienced a child death. About 33% of
the deaths occurred to 4% of the families with three or more child deaths. Slightly
over 1% of the families contribute four or more deaths; together they account for
about 18% of the deaths. There is therefore a need to explicitly account for the
correlation between siblings and to assess the contribution of unobserved factors to
the risk of child death.

Weibull hazard models results

For both infant and child mortality we estimate two models that assume that
siblings’ survival risks are uncorrelated, and two additional models that control for
frailty. The first model in each case includes socioeconomic and sociocultural
factors, while the second adds household environmental conditions and biodemo-
graphic factors. This analytic strategy allows us to examine how the effects of

Table 2 Distribution of

number of births by number of Number of births Number of women Percent

women in Kenya, DHS 1998 ! 1,099 192
2 991 17.3
3 778 13.6
4 689 12.1
5 542 9.5
6 509 8.9
7 359 6.3
8 275 4.8
9 227 4.0
10 and over 247 4.3
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Table 3 Distribution of

number of deaths by number Number of child deaths Number of women Percent
(ng ;;/gomen in Kenya, DHS 0 4233 741

1 993 17.4

2 286 5.0

3 111 1.9

4 58 1.0

5 21 0.4

6 and over 14 0.2

1.00 —

0.98 —

0.96 —

0.94 —

Cum Survival

0.92 —

0.90 —

0.88 —

e L

6 12 18 24 30 36 42 48 54 60
Duration of survival since birth (months)

Fig. 1 Child survival plot for all children in Kenya, DHS 1998

background variables that are assumed to be distant from the event of death change
as proximate determinants are added to the model. The separation of the analysis
into infant and child mortality enables us to determine the relative contribution of
the selected factors on the risk of death both in infancy and in childhood. This is
important in identifying factors that could be targeted in the design of intervention
programs at different age periods in childhood.

Infant mortality

Table 4 presents the results from fitting the four hazard models for infant mortality.
The results show that a total of 1,620 children died in infancy, with 403 of these
being firstborns. Hazard ratios greater than unity signify an increased risk of death,
while those less than unity signify a decreased risk. The interpretation of the hazard
ratios is either in terms of the percentage change in the risk of death or the number
of times the risk changes. The y parameters at the bottom of the table indicate that
the hazard is declining in all the models, which affirms the choice of the Weibull
distribution. For all the models, the chi-squared statistics and log likelihood ratios
describing the goodness of fit of the models are significant.
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Table 4 Hazard ratios of infant mortality associated with socioeconomic, sociocultural, biodemograph-
ic, and household environmental conditions

Variables Weibull standard models Weibull frailty models
Model 1 Model II Model I Model II

Migration status

Rural nonmigrant® 1.00 1.00 1.00 1.00

Urban nonmigrant
Urban—rural migrant
Rural-urban migrant
Education level
Primary®

None

Secondary or higher
Socioeconomic status
Medium*

Low

High

Year of birth

< 1980*
1980-1984
1985-1989
1990-1994
1995-1998
Ethnicity

Kikuyu®

Kamba

Kalenjin

Kisii

Luhya

Luo

Meru

Mijikenda

Taita

Somali/others
Religion

Protestant”

Catholic

Muslim

Other

Marital status
Monogamous union®
Polygynous union

Single

0.64 (0.48, 0.84)
1.12 (0.96, 1.32)
0.74 (0.58, 0.93)

1.00
1.13 (1.01, 1.28)
0.71 (0.60, 0.83)

1.00
1.07 (0.96, 1.19)
0.78 (0.63, 0.97)

1.00
0.90 (0.77, 1.06)
0.88 (0.76, 1.03)
1.40 (1.21, 1.62)
1.61 (1.36, 1.90)

1.00

1.95 (1.51, 2.54)
1.59 (1.25, 2.02)
1.16 (0.84, 1.59)
2.31 (1.82, 2.93)
4.75 (3.80, 5.95)
1.10 (0.77, 1.53)
1.66 (1.21, 2.27)
1.60 (1.13, 2.30)
1.94 (1.30, 2.88)

1.00

1.08 (0.97, 1.21)
1.80 (1.38, 2.33)
1.10 (0.83, 1.46)

1.00
1.25 (1.11, 1.41)
1.16 (1.01, 1.32)

0.76 (0.53, 1.09)
1.13 (0.94, 1.35)
0.87 (0.64, 1.18)

1.00
1.06 (0.92, 1.21)
0.77 (0.63, 0.94)

1.00
1.00 (0.88, 1.13)
0.87 (0.67, 1.12)

1.00
1.07 (0.88, 1.29)
1.06 (0.87, 1.29)
1.72 (143, 2.07)
1.93 (1.55, 2.41)

1.00

1.52 (1.11, 2.07)
1.36 (1.03, 1.80)
1.05 (0.73, 1.51)
1.90 (1.44, 2.51)
3.29 (2.50, 4.32)
1.00 (0.66, 1.48)
1.28 (0.88, 1.86)
1.45 (0.96, 2.19)
1.87 (1.20, 2.93)

1.00

1.12 (0.98, 1.28)
1.73 (1.27, 2.37)
1.01 (0.72, 1.42)

1.00
1.17 (1.02, 1.35)
1.14 (0.97, 1.34)

0.66 (0.48, 0.90)
1.16 (0.95, 1.42)
0.75 (0.58, 0.98)

1.00
1.16 (1.00, 1.35)
0.70 (0.58, 0.84)

1.00
1.07 (0.94, 1.22)
0.77 (0.61, 0.98)

1.00
0.89 (0.76, 1.05)
0.87 (0.74, 1.02)
1.37 (1.18, 1.59)
1.55 (1.29, 1.85)

1.00

1.98 (1.50, 2.63)
1.57 (1.21, 2.04)
1.16 (0.82, 1.63)
2.32 (1.78, 3.01)
4.96 (3.85, 6.40)
1.08 (0.75, 1.60)
1.62 (1.13, 2.32)
1.61 (1.08, 2.38)
1.87 (1.19, 2.96)

1.00

1.12 (0.97, 1.28)
1.83 (1.32, 2.52)
1.13 (0.81, 1.57)

1.00
1.29 (1.11, 1.51)
1.17 (1.00, 1.38)

0.78 (0.53, 1.14)
1.17 (0.95, 1.45)
0.89 (0.64, 1.24)

1.00
1.09 (0.93, 1.28)
0.76 (0.62, 0.94)

1.00
1.02 (0.88, 1.18)
0.87 (0.66, 1.15)

1.00
1.02 (0.86, 1.28)
1.02 (0.84, 1.25)
1.66 (1.36, 2.02)
1.85 (1.47, 2.34)

1.00

1.54 (1.11, 2.14)
1.35 (1.00, 1.81)
1.06 (0.72, 1.55)
1.95 (1.45, 2.61)
3.50 (2.62, 4.70)
0.99 (0.65, 1.50)
1.24 (0.83, 1.90)
1.48 (0.96, 2.29)
1.84 (1.12, 3.00)

1.00

1.14 (1.00, 1.32)
1.74 (1.23, 2.47)
1.03 (0.71, 1.50)

1.00
1.21 (1.03, 1.43)
1.16 (0.96, 1.39)
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Table 4 continued

Variables Weibull standard models Weibull frailty models

Model 1 Model II Model 1 Model II
Source of drinking water
River, lake, rain water® 1.00 1.00
Well water 0.92 (0.80, 1.06) 0.93 (0.80, 1.08)
Piped water 1.05 (0.88, 1.25) 1.05 (0.87, 1.30)
Type of toilet facility
Pit latrine® 1.00 1.00
Water closet 0.78 (0.52, 1.17) 0.77 (0.50, 1.18)
No facility 1.18 (1.02, 1.36) 1.20 (1.02, 1.42)
Previous child survival status
Alive* 1.00 1.00
Dead 2.45 (2.15, 2.78) 2.05 (1.80, 2.40)
Preceding birth interval
19-35% 1.00 1.00
<19 months 1.48 (1.29, 1.70) 1.48 (1.28, 1.70)
36 or more months 0.68 (0.58, 0.80) 0.68 (0.58, 0.79)
Maternal age at child’s birth
20-24* 1.00 1.00
Below 20 1.17 (0.98, 1.40) 1.22 (1.02, 1.45)
25-29 0.95 (0.82, 1.11) 0.94 (0.81, 1.11)
30-34 1.18 (0.99, 1.41) 1.20 (1.00, 1.43)
35 or more 1.33 (1.07, 1.66) 1.37 (1.10, 1.72)
Sample size 23,348 17,632° 23,348 17,632°
Number of failures 1,620 1,217 1,620 1,217
Negative log likelihood 9,571 7,028 9,489 7,009
Likelihood ratio chi-square 650 803 482 573
Degrees of freedom 25 36 25 36

Theta
Likelihood ratio chi-square
of theta = 0

Y]

v

0.83 (0.66, 1.04)
163

0.45 (0.30, 0.67)
39

0.24 (0.23, 0.25) 0.24 (0.23, 0.26) 0.24 (0.23, 0.25) 0.25 (0.23, 0.26)

* Reference category; 95% confidence intervals in parenthesis

 Including the preceding child survival status and birth interval in Model II reduces the number of
observations because only second and higher order births are analyzed; y is the shape parameter of the

Weibull model

The estimated variance parameters associated with the frailty effect, 0, in
the Weibull model are 0.83 and 0.45 in Model I and Model II, respectively. These
parameters are highly significant and indicate that survival risks in infancy continue
to vary due to unobserved factors shared by siblings. The frailty parameter has
direct interpretation in terms of hazard ratio (Guo 1993). The frailty estimate in
Model II means that each infant death in a family increases the risk of the death for
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the index child in infancy by 45% relative to what it would be if the child were
alive. The standard errors associated with the hazard ratios of the covariates
are consistently higher in the frailty models than in standard Weibull models, hence
the wider confidence intervals. Nonetheless, the appreciation is generally small and
does not change the significance of any of the parameter estimates. Similarly, the
magnitude of effect of the covariates is largely unchanged in the presence of frailty,
suggesting that the substantive conclusions from the Weibull standard models are
robust to the failure of the statistical assumption of independence. However, in the
subsequent pages we report the results of the Weibull frailty models because they
are more precise and efficient.

The results in Model I show that all the socioeconomic and sociocultural
covariates, controlling for each other, are significantly associated with infant
survival. The effect of the variables is also consistent with theoretical expectations
and previous research on mortality among children. Model II, which includes
controls for household environmental conditions and biodemographic factors, is
limited to second and higher order births because information on the survival status
of previous child and preceding birth interval does not apply to first births. The model
shows significant improvements over Model I as indicated by the higher likelihood
ratio and model’s chi-squared statistics. As in childhood also, the change in
magnitude of effect and variance of frailty between Models I and II could possibly be
due to the reduction in sample size. To test whether this is the case, Model II with a
category for firstborns for the preceding birth interval and preceding child survival
status was estimated. The results (not shown) indicated that the change in the
magnitude of effects was minimal and the direction of the effects of the variables did
not change. The conclusions of the models reported here are therefore retained.

Model II exhibits substantial changes in the effects of the covariates from the
preceding model. Overall, the magnitude of effect of the distant factors (including
maternal education, ethnicity, and religion) is depressed, while that of year of birth
is increased. Unlike in Model I, however, household socioeconomic status and
migration status are not significantly associated with the risk of death in infancy.
Children of mothers with secondary education are about 20% less likely to die
compared to those of mothers with primary education. This suggests about 9% of
the effect of secondary or higher education operates through the biodemographic
factors and household environmental conditions. Children born in the period 1990-
1994 are 66%, while those born in the period 1995-1998 are 85% more likely to die
compared to those born before 1980. The increase in coefficients associated with the
period of birth means that its relationship is better revealed in the presence of
biodemographic factors and household environmental conditions. It also possible
that there are other factors that are not controlled for that may be associated with the
period of birth.

The large disparity between the Luo and the Kikuyu substantially decreases in the
model including biodemographic factors and household environmental conditions.
Compared to Model I, where children of Luo mothers are about five times more
likely to die than those of the Kikuyu, they are now three and half times more likely
to die. The hazard ratios for the other ethnic groups also decline substantially in the
presence of biodemographic factors and household environmental conditions. A
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large proportion of the effects of ethnicity therefore operate through observed
proximate determinants, including type of toilet facility, birth spacing, survival
status of preceding child, and maternal age.

Regarding religion, children of Muslim mothers are about 75% while those of
Catholic mothers are 14% more likely to die in infancy compared to children of
Protestant mothers. Relative to children of mothers in monogamous unions, children
of mothers in polygynous unions are 21% more likely to die in infancy, while those
of single mothers are 16% more likely to die, but the relationship is not significant.

Among household environmental conditions indicators, only the type of toilet
facility is significantly associated with infant mortality. Living in a household with
no toilet facility increases the risk of child death by 20% compared to living in a
household with a pit latrine. Although its effect is expected to be stronger in
childhood, the results show that the risk of death in infancy is not any less for
children living in unhygienic household conditions.

There is a large reduction in the magnitude of the random term between Model I
and Model II, which attests to the importance of the biodemographic factors for
survival in infancy. The results demonstrate the negative effects of short birth
intervals and young and old maternal age at birth on the risk of child death. For
example, children born less than 19 months after their preceding siblings are 48%
more likely to die compared to those born 19-35 months after preceding siblings.
Similarly, children born when their mothers were aged below 20 are 22%, while
those born when their mothers were aged 35 and over are 37% more likely to die
compared to children born when their mothers were aged 20-24 years.

A comparison in the effect of the death of the preceding child between the
standard and frailty models is particularly noteworthy. Its effect reduces from 2.45
in the standard model to 2.05 in the frailty model, a 16% reduction. The result
suggests that the death of the previous child is acting as a proxy for unmeasured
family factors and is also an indicator of correlated mortality risks among siblings
(Omariba 2004; Sastry 1997b; Zenger 1993).

Child mortality

The results regarding relationships between child mortality and different factors are
presented in Table 5. The data show that a total of 705 children died between 12 and
59 months, with 158 of these being firstborns. The respective negative log
likelihood and chi-squared statistics indicate that the overall models are significant.
Further, the y parameter indicates that for all models the hazard is declining. The
frailty effects are substantial and significant (0.93 and 0.98) for child mortality also;
the risks of child death between families continue to differ even after controlling for
a number of known determinants of mortality. The latter estimate indicates that one
child death in a family is associated with a 98% increase in the risk of the index
child dying relative to what it would be if the child were alive. These results suggest
that, unlike in infant mortality, there is great variation between families in the risk of
child mortality that is not accounted by the measured factors. The magnitude of
effects of the covariates is smaller and the standard errors are slightly inflated in the
frailty models compared to the standard models. Again, since the direction of the
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Table 5 Hazard ratios of child mortality associated with socioeconomic, sociocultural, biodemographic
and household environmental factors

Variables Weibull standard models Weibull frailty models
Model I Model II Model 1 Model II

Migration status

Rural nonmigrant® 1.00 1.00 1.00 1.00

Urban nonmigrant

Urban—rural migrant
Rural-urban migrant

Maternal education level

Primary®

None

Secondary or higher

Socioeconomic status

Medium*
Low
High
Year of birth
<1980*
1980-1984
1985-1989
1990-1994
1995-1998
Ethnicity
Kikuyu®
Kamba
Kalenjin
Kisii
Luhya
Luo
Meru
Mijikenda
Taita
Somali/others
Religion
Protestant”
Catholic
Muslim
Other

Marital status

Monogamous union®

Polygynous union

Single

0.87 (0.57, 1.33)
1.06 (0.84, 1.36)
1.09 (0.80, 1.51)

1.00
1.29 (1.10, 1.53)
0.52 (0.40, 0.69)

1.00
1.24 (1.06, 1.45)
0.71 (0.50, 1.00)

1.00
1.12 (0.90, 1.41)
1.38 (1.11, 1.71)
2.01 (1.61, 2.50)
1.66 (1.17, 2.35)

1.00

3.06 (1.82, 5.15)
2.47 (1.51, 4.04)
5.22 (3.16, 8.65)
6.90 (4.32, 11.03)
10.20 (6.41, 16.21)
1.79 (0.95, 3.36)
4.96 (2.83, 8.70)
3.15 (1.68, 5.92)
1.50 (0.55, 4.04)

1.00
1.04 (0.87, 1.23)
0.86 (0.55, 1.34)
0.79 (0.50, 1.23)

1.00
1.17 (0.97, 1.41)
1.12 (0.91, 1.40)

1.06 (0.63, 1.80)
1.05 (0.80, 1.38)
1.26 (0.83, 1.92)

1.00
1.23 (1.01, 1.50)
0.55 (0.39, 0.76)

1.00
1.18 (0.98, 1.42)
0.87 (0.58, 1.32)

1.00
1.31 (1.01, 1.72)
1.54 (1.18, 2.02)
2.32 (1.75, 3.07)
1.66 (1.07, 2.60)

1.00

2.56 (1.41, 4.62)
2.03 (1.17, 3.55)
4.52 (2.55, 8.00)
5.70 (3.36, 9.66)
8.00 (4.72, 13.60)
1.68 (0.83, 3.42)
3.37 (1.74, 6.50)
2.80 (1.38, 5.69)
1.06 (0.31, 3.71)

1.00

1.00 (0.83, 1.22)
0.78 (0.45, 1.35)
0.77 (0.45, 1.31)

1.00
1.23 (1.00, 1.51)
1.22 (0.96, 1.55)

0.87 (0.55, 1.37)
1.11 (0.83, 1.47)
1.10 (0.77, 1.57)

1.00
1.30 (1.06, 1.60)
0.52 (0.40, 0.70)

1.00
1.24 (1.04, 1.50)
0.69 (0.47, 1.00)

1.00

1.11 (0.88, 1.40)
1.34 (1.10, 1.70)
1.96 (1.56, 2.46)
1.62 (1.14, 2.30)

1.00

3.09 (1.80, 5.30)
2.50 (1.50, 4.14)
5.30 (3.12, 8.95)
7.10 (4.35, 11.53)
10.55 (6.51, 17.10)
1.78 (0.93, 3.42)
4.93 (2.72, 9.93)
3.16 (1.62, 6.13)
1.51 (0.54, 4.19)

1.00
1.05 (0.87, 1.28)
0.87 (0.53, 1.44)
0.78 (0.48, 1.29)

1.00
1.13 (0.91, 1.41)
1.15 (0.92, 1.47)

1.03 (0.58, 1.84)
1.08 (0.78, 1.50)
1.26 (0.79, 2.01)

1.00
1.26 (1.00, 1.58)
0.55 (0.38, 0.78)

1.00
1.18 (0.95, 1.46)
0.84 (0.53, 1.31)

1.00
1.32 (1.00, 1.73)
1.53 (1.15, 2.02)
2.30 (1.70, 3.11)
1.68 (1.06, 2.64)

1.00

2.58 (1.39, 4.77)
2.02 (1.13, 3.59)
4.56 (2.51, 8.30)
6.02 (3.48, 10.44)
8.57 (4.93, 14.90)
1.66 (0.80, 3.45)
3.27 (1.63, 6.56)
2.75 (1.30, 5.81)
1.07 (0.29, 3.86)

1.00

1.02 (0.82, 1.28)
0.77 (0.43, 1.41)
0.77 (0.43, 1.38)

1.00
1.21 (0.95, 1.54)
1.29 (0.98, 1.70)
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Table 5 continued

Variables Weibull standard models Weibull frailty models

Model 1 Model II Model 1 Model II
Source of drinking water
River, lake, rain water® 1.00 1.00
Well water 0.93 (0.76, 1.14) 0.91 (0.71, 1.15)
Piped water 1.00 (0.76, 1.31) 0.99 (0.74, 1.34)
Type of toilet facility
Pit latrine® 1.00 1.00
Water closet 0.62 (0.32, 1.21) 0.64 (0.31, 1.28)
No facility 1.19 (0.96, 1.48) 1.25 (0.97, 1.61)
Previous child survival status
Alive* 1.00 1.00
Dead 1.49 (1.21, 1.84) 1.16 (0.92, 1.46)
Preceding birth interval
19-35% 1.00 1.00
<19 months 1.25 (1.01, 1.54) 1.29 (1.03, 1.61)
36 or more months 0.75 (0.60, 0.93) 0.75 (0.60, 0.94)
Maternal age at child’s birth
20-24* 1.00 1.00
Below 20 1.35 (1.05, 1.72) 1.40 (1.08, 1.80)
25-29 1.06 (0.84, 1.32) 1.03 (0.82, 1.30)
30-34 0.96 (0.73, 1.28) 0.96 (0.71, 1.28)
35 or more 1.17 (0.82, 1.67) 1.14 (0.79, 1.65)
Sample size 21,671 16,378° 21,671 16,378°
Number of failures 705 547 705 547
Negative log likelihood 3,975 3,034 3,947 3,014
Likelihood ratio chi-square 432 381 351 301
Degrees of freedom 25 36 25 36

Theta
Likelihood ratio chi-square
of Theta =0

Y]

v

0.93 (0.64, 1.35)
55

0.98 (0.62, 1.54)
38

0.57 (0.53, 0.61) 0.57 (0.53, 0.62) 0.58 (0.54, 0.62) 0.59 (0.54, 0.63)

* Reference category; 95% confidence intervals in parenthesis

 Including the preceding child survival status and birth interval in Model II reduces the number of
observations because only second and higher order births are analyzed; y is the shape parameter of the

Weibull model.

effect of the covariates is unchanged the substantive conclusions from the Weibull
standard models remain.

The results of the parameter estimates are largely in line with theoretical
expectations and patterns observed for infant mortality. However, it is clearly
evident that the relative effect of the covariates on child mortality is larger than that

observed for infant mortality.
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Since we described the results relating to infant mortality, in this section we
provide an overview of the patterns shown in the table, comparing them with those
of infant mortality where appropriate.

Whereas in infancy, children of mothers with no education face an increased risk
of death of 16%, in childhood the increase is one-third. In infancy, the reduction in
the risk of death among children of mothers with secondary education is 30%, but in
childhood the risk is reduced by about 50%. This pattern is also maintained in the
full model including biodemographic factors and household environmental condi-
tions. The estimated effects of maternal education on child mortality in Kenya
therefore correspond closely to findings from elsewhere in the less developed world
(Rutstein 2000; Desai and Alva 1998).

The effect of household socioeconomic status is stronger for child mortality than
for infant mortality. Living in a low socioeconomic household increases the risk of
death by over one-fifth, but living in a high socioeconomic one reduces the risk of
death by one third. Children born in the 1990-1994 period are about twice as likely,
while those born in the 1995-1998 period are over one and half times more likely to
die compared to children born before 1980. Unlike infant mortality, however,
children born in the 1985-1989 period are more likely to die in childhood, an
increase of 34% in the risk of death.

Although children of Luo mothers are the most disadvantaged, being about ten
times more likely to die, the differences between children of other ethnic groups and
those of the Kikuyu are larger and starker than in infancy. For example, whereas in
infancy children of Luhya mothers are only twice as likely to die compared to those
of the Kikuyu, they are seven times more likely to die in childhood.

As indicated by the log likelihood and chi-squared statistics, Model II of the
Weibull frailty models significantly improves on Model 1. However, the effect of
household socioeconomic status is not significant while marital status is weakly
associated with child survival. The direction of the effect of education, year of birth,
and ethnicity is similar to that in Model I, attesting to the robustness of these factors
in explaining death in childhood. However, whereas the magnitude of effects of
education remains largely unchanged, that of ethnicity is substantially depressed.
The attenuation of the parameters suggests that some of their effects operate through
household environmental conditions and biodemographic factors. As in infancy,
mortality differences by year of birth are more prominently revealed in the presence
of biodemographic factors and household environmental conditions.

Just as in infancy, only the type of toilet facility is significantly associated with
child death among household environmental conditions factors. Living in house-
holds without toilet facilities increased the risk of child death by about one-fifth.
These results are congruent with previous research showing that the type of toilet
facility is a more important determinant of child survival than water supply (Esrey
1996; Gubhaju et al. 1991).

The magnitude of the effects of biodemographic factors clearly demonstrates that
they are less important in childhood relative to infancy. For instance, whereas in
infancy a birth interval of less than 19 months is associated with an almost 50%
increase in the risk of death, in childhood the increase is only about one-third
relative to an interval of 19-35 months. Similarly, an interval of 36 or more months
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reduces the risk of death by about 32% in infancy, but by 25% in childhood. Only
young maternal age (below 20) is significantly associated with the risk of death.
This sharply contrasts with infancy, where young and old maternal ages at birth
were positively associated with heightened risk of death. The main surprising
finding relates to the survival status of the preceding child; unlike in the model
without frailty, the death of the preceding child becomes insignificant in the
presence of frailty.

Discussion and conclusion

In this paper, we have analyzed the relationships between socioeconomic,
sociocultural, and biodemographic factors and household environmental conditions
on the risk of child death in Kenya and at the same time controlled for the
correlation between mortality risks of siblings using shared frailty hazard models.
The largely unchanged frailty effect in the final child mortality models suggests that
biodemographic factors are not as important in childhood as in infancy. The effect
of the survival status of the preceding child attenuates in infancy, but it remains
substantial and significant. However, controlling for frailty effects, the death of the
previous child is not significantly associated with the risk of death after infancy. The
effects of death of the previous child on the risk of death of the subsequent one,
especially the depletion of maternal physiological resources due to shortened birth
interval, are well known (Gyimah and Rajulton 2004; Palloni and Rafalimanana
1999; Zenger 1993). However, an obvious but less known hypothesis in
demographic literature is maternal depression. Psychiatrists have long identified
major loss events as important markers of depression. Maternal depression due to
child loss could therefore undermine the health of the subsequent one both before
and after birth. A depressed woman may not adhere to proper dietary habits during
pregnancy, may suffer sleep loss, and her general ability to care for the child could
be less than optimal. Depression is also associated with negative pregnancy
outcomes including preterm delivery, low birth weight, and small-for-gestational-
age babies, all of which are significant risk factors especially for infant mortality
(Steer et al. 1992). Although it is difficult to determine precisely what mechanism is
operating in a given situation, the exercise is important for selecting between policy
options. If its effect reflects the birth spacing mechanism, improving availability and
use of contraception would reduce the risk of child death associated with the death
of the older child. However, policy options responding to the depression and
replacement mechanisms are less certain. The stronger effect of the death of the
preceding child in infancy suggests that the birth interval mechanisms are more
important in Kenya.

Maternal depletion effects should be weaker when the preceding child is dead
because the physiological demands of lactation are no longer present (Zenger 1993).
In Kenya, the cessation of breastfeeding due to a child’s death is, however, likely to
lead to earlier subsequent conception because only about 32% of married women
use modern contraception (NCPD et al. 1999). Besides the maternal depletion
syndrome, short birth intervals increase the number of children of comparable ages
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in the household. Consequently, this heightens susceptibility of children to
infectious diseases due to their physical proximity (Alam 1995) and leads to
siblings’ competition for household resources including individualized maternal
care (Gribble 1993). However, the difference in the magnitude of effects suggests
that the physiological effects of birth intervals are stronger in infancy, while those of
competition for household resources are stronger in childhood.

Family planning could also mitigate the negative effects of young and old
maternal age at birth on child survival. The effects of maternal age at birth are both
physiological and sociopsychological. The immature reproductive systems of young
mothers and primaparity and the depleted physiological system of older mothers due
to repeated pregnancies makes them susceptible to pregnancy complications and
bearing low birthweight babies (Miller 1993) both of which are associated with a
higher risk of child death (see Solis et al. 2000). By delaying the next birth, family
planning ensures that the mother’s body has sufficient time to recover in readiness
for the next birth and also it reduces the number of children women eventually bear,
even if they are using it just for spacing. The sociopsychological hypothesis holds
that younger mothers are also not yet ready to take parental responsibilities, may not
have decision-making authority in the household, and lack financial resources to
seek medical care for their children (Alam 2000).

An important mechanism for improving women’s autonomy and decision-
making in the household is education (see O’Toole and Wright 1991; Caldwell
1986). Mortality is also lower among children of educated mothers due to higher
socioeconomic status and improvement in domestic management of child illness,
preventive care strategies, and effective use of modern health services (Das Gupta
1997; Caldwell 1979, 1994). Nonetheless, at higher levels of education it is difficult
to measure the effect on child health that is actually attributable to education.
Highly educated mothers are not only likely to be working in occupations that afford
them the means to improve the household standard of living, but they may also
marry men who are more educated and have higher income (see Ware 1984).

Besides socioeconomic factors such as education, the other group of distant
factors that were analyzed are sociocultural variables. These factors shape and
modify the economic choices and health-related practices of individuals according
to the cultural traditions and norms of the society (Mosley and Chen 1984). Cultural
traditions and norms influence power relationships in the household, value of
children, food preferences, and beliefs about disease causation. Ethnicity and
religion are directly related to cultural traditions and norms that affect child
survival. On the other hand, type of marriage is more related to household power
relations, especially allocation of resources for childcare (see Strassman 1997).

Ethnic mortality differentials are largely attributed to differential levels of
socioeconomic development between areas inhabited by the various groups (see
Brockerhoff and Hewett 2000). However, in Kenya, cultural differences in
childcare practices and beliefs on disease causation and patterns of diseases could
be more important. For example, although they both inhabit Nyanza province, the
risk of child death in all models was consistently higher among the Luo than the
Kisii. The high mortality among children of Luo mothers could be attributed to
the high incidence of HIV/AIDS in this group (Kenya Ministry of Health 2001) due
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to the prevalence of levirate marriage and the belief that HIV/AIDS is caused by
witchcraft and/or breaking of certain traditional taboos (Ocholla-Ayayo 1991).
Nonetheless, further research especially examining ethnocultural differences in
childcare and health related behavior to better understand ethnic mortality
differentials is needed.

The results, especially the higher risk of death for children born in the 1990s,
support research pointing to the potential effects of HIV/AIDS (Hill et al. 2001;
Nyambedha et al. 2001). In particular, controlling for other factors strengthened the
year of birth effects and the effect of unmeasured factors is substantial. The effects
of HIV/AIDS on child survival are both direct and indirect. The direct effect
operates through mother-to-child infection during pregnancy or at delivery, while
the indirect effects are manifested through death of parents. Orphans face diverse
problems including lack of food and abuse from relatives while some are forced into
child labor (Yamano and Jayne 2004; Nyambedha et al. 2003). The effects of AIDS
are likely to persist given that there is no cure and because of the slow pace and
logistical problems associated with availing retroviral medicines to the infected.
Generally, however, the examination of the direct relationship between HIV/AIDS
and the risk of child death is hampered by lack of data.

An important issue raised by this analysis is that of the reliability of the data used
to make mortality estimates. The large differences between ethnic groups in
particular could be an indication of differential willingness to recall child deaths
across ethnic groups or that deaths farther back in time were more subject to recall
errors. Hill et al. (2001) examined whether mortality trends were an artifact of the
survey by including a dummy variable for the round of survey, estimated for
overlapping time periods in their models. The variable did not have an effect on the
odds ratios of the time periods. However, understanding differential cultural
approaches to death and to the remembering of dead children would require eth-
nographic data.

The type of toilet facility and source of water reflect the level of environmental
contamination, which determines the transmission of infectious agents to children
(Mosley and Chen 1984). These factors also serve as a proxy for information
unavailable from the survey including household hygiene, standards of cleanliness,
and food preparation and storage practices. Although the results on type of toilet
facility were consistent with the theoretical expectations and previous research, the
effect of source of water was statistically insignificant. The result is surprising
because only about 20% of children live in households using piped water (Table 1).
Since the majority of the population relies on unsafe water sources, conditions of
use, including manner of storage and whether families treat the water before using
it, would be more important.

Comparable results from adjusting for correlated survival experiences of siblings
have been observed elsewhere and under different cultural settings (Guo 1993;
Curtis et al. 1993). This creates the impression that adjusting for correlated
observations does not bring any benefit to the analysis of mortality determinants,
more so because the substantive conclusions remain unchanged. Beyond correcting
for biased standard errors, models with frailty are also of substantive interest. The
fact that the risk of child death is not completely captured by the analyzed factors is

@ Springer



Determinants of infant and child mortality in Kenya 319

important in the sense that it points to unmeasured factors. This analysis did not
include breastfeeding and healthcare factors because the information was collected
only for children born in the 3 years preceding the survey. One way to assess
whether these are important is to restrict the analysis to children born 3 years before
the survey. The exclusion of these important determinants of child survival
therefore inflates the magnitude of the frailty effect. The substantial frailty estimate
also corroborates the descriptive findings (Table 2) and suggests that deaths are
likely to cluster in families due to unmeasured factors. In Kenya, one such factor,
HIV/AIDS, has already been suggested. Although HIV/AIDS is differentially
distributed in the population, programs to mitigate its effect such as aggressive
provision of retroviral medicine, counseling, and information and education
campaigns targeting behavior change will benefit everyone.

Although this study has demonstrated that child mortality risks vary due to
unobserved factors at the family level, unobserved heterogeneity at the community
level is also important. Children in the same community live under similar climatic,
environmental, socioeconomic, and cultural conditions and are exposed to the same
illness and diseases prevalent in the community (Sastry 1997b). The results of our
frailty models suggest that the effects of unmeasured environmental factors and
community factors such as availability of hospitals and economic resources are
likely to be important for child mortality. Consequently, the frailty magnitude in the
current study could be inflated by the unobserved community effects. However, a
major limitation of the DHS data is that it does not collect community information.
Future studies should therefore endeavor to include community factors where they
are available.
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