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ABSTRACT 
Kenya experienced an upsurge in infant and child mortality during the 1988 to 2003 
period. The factors underlying thi uptum r" p rly understood. A better understanding 
of these factors is critical in d 1 nin lT T r pri tc child survival programs and strategies 
for the reduction of inti nt tnd htld m rtality as envisioned in major national and 
international public h 11th pr 1 t.\tl\ll1 s. hi study established whether the observed 
upsurge in infimt 1nd ·hi! i m ttaltt during the 1988-2003 was real and if so, the extent 
to which it in ·r · 1 • • i. · ndl it tdcntified some of the major factors that may have 
been ass) ·i 1t • i with that u tum. Fmally, the study investigated whether some of the 
factors b ·hind th u turn in high HN prevalence regions were different from those in 
low HIV pr val en r gwn and if so, to establish structural relationships that explained 
the m rtalit difference in the two HIV regions. 

Data drawn from the 1993, 1998 and 2003 Kenya Demographic and Health Surveys 
(KDHS) " ere u ed. A set of demographic data assessment and evaluation techniques 
were used to address objective one. Parametric models (specifically the Weibull AFT 
models) and regression decomposition techniques were used to address objectives two 
and three respectively. 

Preliminary findings showed that infant mortality increased by 30 percent while child 
mortality increased by 9 percent during the 1988-2003 period. Data assessment revealed 
that data were generally of high quality. In cases where there was heaping in age 
reporting of children such as at months 12, the effect would only have lead to an 
understatement of infant mortality and not its upsurge. Further, while there was heaping 
at months 12 18, 24 and 36, the effect of this bias on child mortality estimation i 
negligible since all these ages are conventionally part of child mortality estimation. 

Weibull AFT models revealed that compared to infants who were born during 1988-92 
period, tho e born during the 1993-98 and 1999-2003 period were 43 percent more likely 
to die faster re pectively and this as ociation wa tati tically ignificant (p value < 0.05). 
During childh d. the ri k of dying faster am ng children b rn during 1 93-9 and 1 
20 3 wa 45 perc nt and 2 percent as compared t th wh wer b rn during the 
1 - 2 peri d p alue < 0.05). 0 erall, the Weibull AFT m d 1 expl in d an u urg 

5 p rc nt in inti nt mortality and 62 p rc nt in child m rtalit p valu · . 5 . 
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variables as those of 1988/95 period, then infant mortality would have increased by a 
massive 14 deaths per 1000 live birth . However, had live births that occurred in the 
1988/95 period experienced the rn m n value of all explanatory variables as those 
that occurred in the 1996/0 p ri d, th up ur e in infant mortality would have been 
negligible. 

The length of th al, belonging to a mother who received a tetanus 
injection durin ' pr ·n n , . m t mal education, and malaria prevalence were important 
explanatory v 1rt bl · · l hind th change in child mortality. The highest contribution to 
hild m )rtalit durin • th l -2003 period was due to the rise in Malaria endemicity (18 

perc ·nt in ·r a·') f 11 \ ed by the differences in regional HIV prevalence (5 percent 
incren · ). 

The difference in infant mortality between the high and low HIV zones was 9.2 deaths 
per 1000 li e births \J hile that of child mortality was 2.3 deaths per 1000 live births. An 
approximate 59 percent of the difference in infant mortality between the two HIV regions 
was accounted for by the socio-economic factors alone. This exceeded the total 
contribution of 56 percent increase in infant mortality that was observed between the two 
HIV regions. Among the socio-economic factors, it appears that the source of drinking 
water, type of toilet facility and household wealth index played a pivotal role in the 
observed differences in infant mortality. On the other hand , the study variables explained 
39 percent of the difference in child mortality between the two HIY regions. However, it 
is maternal factors and socio-economic factors that contributed much to the child 
mortality differences between the two HIV regions (20.4 and 13.8 percent respectively). 

In summary, mortality increase was real during the 1988-2003 period. Efforts aimed at 
controlling and preventing malaria and HIV should be stepped up to avert childhood 
mortality. This could entail universal counselling and testing of HIV among pregnant 
mother and strengthening prevention of mother to child tran mi ion initiative ; 
inten ified u e of anti malaria prophylaxis among pregnant women and children as well 
as early diagno i and treatment of Malaria. Additionally, program aim d at incre ing 
the di tribution of In ecticide treated mo quito net in h u e praying and ther e t r 
c ntr l trategie in high Malaria prone regi n a well as bi m di al r ear h r 
malari va in d el pment n cd renew d emph i . Th r i n d t pr m tc mat m I 
due tion gi n it kn wn r 1 in r du ing infant and child m rt lity. h r i n d t 

l up nil pl nning pr gramm t r u h rt irth int rv I and pr nt high 
ri · irth . rdabl ci I h alth in ur n t rn h uld intr du d t c I r 

r I • in m hou hold ' h nn t th n i h lth tr . lin \1 • 
I rt bl h ' h:1 
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CHAPTER!: INTRODUCTION 

1.1 Introduction and statement o the problem 

Prior to the late 19 0 , m n ·tu li' indicated that sub Saharan Africa enjoyed a 

dramatic dcclin ·in 1nf tnt Hl i ·htl m rtality (Hill et al. 2001, Obungu et al., 1994; UN 

), infant mortality in sub Saharan Africa in 1960 was 

149 d • tlhs r r l h ,. irth but dropped to 1 01 deaths per 1 000 live births by 2000-

2004 - a decline of 2.2 percent. However, since the late 1980s, trends in infant and child 

mortality in ub Saharan Africa started slowing, stalled or even reversed (Rutstein 2000; 

UNICEF 2001· Ahmad 2000). Figure 1.1 below illustrates the trend in infant mortality 

for select countries in sub Saharan Africa during the 1960 to the mid 2000s. 

Figure 1.1: Trends in infant Mortality for selected sub Saharan African countries, 
1960-2006 

200 T---------------------------------------------

K n r 

Hill I I, 

0 +-----.----,----~-----.----.-----~ 

1960 1970 1980 1990 1995 2000 2005 2006 

-+-Botswana 
· Rwanda 

---Ethiopia 
-Tanzania -+-Uganda 

Sourc : U. JCEF, et al ..... 007 

~Kenya 

-zambia 

4 p rc nt d lin p r nnum in in ant m rt lit b t\ c n 

lm t t\ i th annu l 

I /., d lin in hildl m rt lit in 
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Kenya and the factors driving the decline prior to the mid 1980s were so clear that Brass 

and Jolly (1993: 169) noted th t tudi fo u ing on the same "had little to add". The 

sentiments by Bras and J 11 ' \l t w r influenced by many local studies which 

extensively c am in· lth I ' I . lif r ntials and determinants of the declining infant and 

child mort tlit prt n t) th I (Kibet, 1981; Muganzi 1984; Ewbank et al., 1986; 

bun •u ·t a/ .. L oo : lkamari 1996; K'Oyugi 1992). 

Further the dawn of the 1990 decade in Kenya was marked by decisive views about 

Kenya's demography with some leading demographers concluding that Kenya had 

entered the long awaited demographic transition (Robinson and Cleland 1993; Caldwell 

et.al., 1991). Caldwell (et al., 1992)1 in particular rated Kenya alongside Botswana and 

Zimbabwe as success stories in promoting child survival but also as among the few sub 

Saharan African countries that had achieved the requisite threshold indicators for fertility 

transition. 

De pite thi , ample demographic evidence revealed that Kenya along ide Burkina Fa , 

Camero n Cote d I'voire and Zimbabwe were among the ub aharan Afri an c untrie 

that exp ri nc d an up urge in infant and childh d m rtality during th 1 t 1 

H uw ling eta/., 2 · WH 2 3; Hill eta/., _ ; Rut t in 2 . Infant and hild 

tc and li 
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This was a percentage increase of about 32 percent in infant mortality and 29 percent in 

child mortality during the 19 -2 p ri d. 

Reversals in carl childh) I m rtalit in Kenya and some African countries during the 

late 1980s is '\liT ·nil 

(Ahmad ·t. a/ .. - : Ru tein 2000; Hill et.al., 2004; Rutstein 2006 ). The upsurge in 

Ken u · , int~ t and child mortality is particularly a phenomenon in need for an urgent 

e planation for the folio\! ing reasons: First, little is currently known regarding the factors 

behind the upsurge in infant and child mortality during the 1988-2003 period. 

Secondly, there are no recent studies that have been done in Kenya to assess what 

changes in the commonly known covariates may have contributed to the upturn in infant 

and child mortality and what factors, if any, have played a key role in maintaining the 

high levels of mortality during the 1988-2003 period. Finally, systematic analysis of the 

relative roles of some of the potential correlates behind the rise in infant mortality during 

the tudy period remain scarce in Kenya. This study attempt to fill the e gap and 

c tabli he me of the factor as ociated with the up urge in infant and child rn rtality 

during the 19 -2 3 period in the country. 

\\hit thi tud cu nth hind th upturn in infant nd child m rt lit 

lurin' th p n rt nt t mcnti n th t th n: nt mdin m th 

hi h . mpl ti n 

h t m rt lit h Ill n th lin . In 
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particular, infant and child mortality ha e d tined from 78 and 115 deaths per 1000 live 

births in 2003 to 52 and 74 de th p r 1 0 li c bitth respectively in 2008/09 (KNBS, et 

a/., 201 0). Owing to th f: t th t '' ~.: d n t know whether this recent decline in early 

childhood mortal it will t ·u t.t in d thi ' ·tudy remains critical. 

1.2 Lih.•r atur · n'Yi '" 

Literature re i ' ' ' ' done " ith three main objectives: firstly, to find out the common 

factor that ha e been found to influence the change in infant and child mortality rates; 

secondly to understand some of the strengths and weaknesses of past methodological 

approaches on this topic; and finally, to provide a firm basis upon which the study 

variables would be selected for further analysis. 

1.2.1 A global review 

Globally, there exists a rich literature on this topic. For instance, Rosero Bixby (1986) 

explained the factors behind the decline in infant mortality in Costa Rica from 60 deaths 

per 1000 live birth in 1970 to 20 deaths per I 000 live birth by 19 0. In the tudy, 

Ro ero-Bixby (19 6) computed coefficient of correlation and multiple regr 1 n 

t chniqu t e tabli h the tati tical ignificance betwe n a numb r f publi h alth 

acto a d cl in in fertility n th 

n m th t th • mrn nt initi t h rn m 

rl , I unt r up t 7 th lin in in t m rt lit • ith 
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primary health care alone accounting for o er 40 percent of the observed mortality 

decline. While Costa Rica enjo eJ p ri d nomic progress during the 1970-1980s, 

the study attributed only p r nt f th d cline in mortality to the improvement in 

economic fund am ·nt·tl ·. l'ht: tuth r furth r found that a decline in fertility which may 

have av ·rt ·d hi •h ri ·k 1 r n· n i · , independently accounted for only 5 percent of the 

ob ·crv ·d inf nt m )rtalit · decline. 

Ro ero-Bi. b ' (19 6) study however failed to recognize the fact that mortality changes 

are not only a function of changing levels in the covariates of infant and child mortality 

but rather, the structure of the relationship between the potential covariates and mortality 

could also have changed at the same time. 

Da Vanzo and Habicht (1986) used a set of regression decomposition techniques to 

investigate the factors that were responsible for the decline in infant mortality rate in 

Malaysia from 100 deaths per 1000 live births in the 1940s to 30 deaths per 1000 live 

births in the 1970 . Using a temporal approach the author fir t perfi rmed a fixed 

tructure analy i (i.e. they as urned that it i only the covariate that chang r time 

rather than infant m rtality) and e timated that on the o erall 1 .5 p rc nt th d clin 

in infant m rt lity during th 1 4 - and 1 1-1 75 ' han in th c1 t d 

ir tudy ~ und that mat m l du ti n pla c criti l r l in in nt 

m rt lit 'd lin . 
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However, when DaVanzo and Habicht (19 6) ran models that allowed for structural 

changes, they found that mu h f th m rtnlity d cline (about 80 percent) could not be 

accounted for by factor l in th ir tudy (Da Vanzo and Habicht 1986:152). 

Rather, most of th un plaincd that is they were accounted by the 

intercept t ·rm. 'I hi· lintlin• i imilar to a study conducted by Hale et al., (2009:18) 

which f und that th lanat ry factors that were considered in their study explained 

les' thtm -0 per cent of the decline in mortality between 1987-1994 and 1995-2002 in 

Matlab Banglade h during sub periods of infancy and about 40 per cent of the decline in 

child mortality. 

In a similar study, Da V anzo (1988) using regression decomposition techniques to study 

the concomitants of development found that an increase in maternal education in 

Malaysia's richer and poor states by four and five times was responsible for a reduction 

in infant mortality of about 10.3 and 14.8 deaths per 1000 live births respectively (Da 

Vanzo 1988:587). These results echo other findings which show a negative as ociation 

between infant and child mortality and maternal education (Caldwell 1979· Hobcraft, et 

a/., 19 4; K'Oyugi 1992; Ikamari, 1996). 

Kintn r 1 

durin th 1 

tudi d th t mp ral and ar al d t rminant f infant m rtality de lin' 

p ri d in th dmini tr tiv f 

d iti n t hni u intn r 

urin th tud 

th 1i ill 

fell h • 

rut 

mz n n 
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infant welfare centres accounted for 75 p rc nt of the variance in the observed infant 

mortality rate (Kintner 1988:60 ). 

Kintner (1988:60 >) tbuntlth 11 :.1 r du tion in total fertility rate of one child per woman 

reduced inftnt m nt 1lit • t:Jt 22 points in 1871 and 17 points in 1900. Like other 

studic~ (I u Ymv and Ha icht 1986; Da Vanzo 1988), Kintner (1988) found little 

evidence bet\veen mortality changes and the level of social and economic conditions 

during the tud period. Similarly, some studies have also revealed that some states such 

as Sri-Lanka were "superior health achievers" and thus recorded a reduction in infant 

mortality rate independent of their low level of economic development (Caldwell, 1986; 

DaVanzo 1988; DaVanzo and Habicht 1986). 

Bicego et a!., (1991) computed trends, age patterns and differentials in under-five 

mortality in Haiti during the 1960-1981 using both direct and indirect estimation 

methods. Their study computed the probabilities of dying before 1 month, 12 months, 24 

month and 60 months by selected factors such as place of residence. Generally, the tudy 

fl und that as compared to other Caribbean countrie , m rtality was much higher in Haiti. 

In particular, the tudy fl und that although it was n t p ible t tate pr ci ly \ h nth 

timing in childh dm rtality decline tart d due t la k f mat rnity hi t ry d t f r 

It 77-1 2 tl d din m d t h m ng girl than tudy 

n lu th t win' t limit d h lth 

d in tru tur d liti nt th 
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prospects for a rapid acceleration of child mortality decline in Haiti would remain bleak. 

This supposition was however m r pe uloti and not directly a result of their analysis. 

The study by Hal ·tal.. ( l similar! applied regression decomposition techniques to 

explain th • f u.:hr · 1" 1 i d "ith the decline in infant and child mortality in Matlab, 

Bungludcsh. ample ize of nearly 94,000 singleton births from the Matlab 

Demographic un·eillance y tern, they found that changes in reproductive patterns and 

ocio-ec nomic characteristics explained between 10 and 40 percent of the decline in 

mortality rates. Like the study of Da Vanzo and Habicht (1986), improvement in 

maternal education explained the largest portion of the reduction in infant and child 

mortality of all the explanatory variables considered. This was expected since mother's 

education has widely been found to have an inverse association with infant and child 

mortality (Caldwelll979; Hobcraft, et al. , 1984; K'Oyugi, 1992). 

Howe er one shortcoming with the study by Hale et al., (2009) is that although 

insightful the authors did not measure the effect of key factors such as change in 

en ironmental condition , breastfeeding and improved quality of and acce 

care on th b erv d d cline in infant and child mortality (Hale et a/., 2 

omi i n f u h imp rtant fa t rs i b und t pr du 

r ult . 

th 

h I nt m m 

t: in m rt lit; durin • 
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discussed above. For instance, my preliminary analysis did not show any evidence of 

variation in religion or fertilit in Kenya during the 1988-2003 period. In fact, 

the upsurge in mortality w wltn s, d in an ra when the country experienced a stall in 

fertility (Bon •aart '. m l h n marital fertility is unlikely to have been an 

important ftd )f 111 th 'm ttalit up ·urge. 

1.2.2 The ub ah ran frican region 

A number of tudie on mortality changes and its determinants has been done in sub 

Saharan African countries. Gakusi and Garenne (2007) in their study of mortality 

changes in Rwanda used a modelling approach that was premised on the fact that the 

effect of factors determining any given mortality change operate simultaneous or with a 

time lag. Their thesis was that mortality response to a deterioration in say income or other 

health determinant is not an immediate upsurge since health status is a 'stock' that 

normally provides a margin of health reserves above a critical threshold (Gakusi and 

Garenne 2007:413). Based on this premise, the authors reconstructed mortality trend by 

fir t con tructing the life table u ing birth hi tory data and then on the ba i f the 

c mputed period e timate , determined slope of mortality trend by fitting 1 g lm ar 

tr nd . 

und th l whit R\ nda c. p ri nc d an nnu 1 m rtalit d lin ut 2. 

th I · - peri d th c lUntr 

-1 77 p ri 

lin th I 77- u urth un th tin 
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the 1990s, there was no obvious trend in mortality that could be identified for the case of 

Rwanda. Arguing that the under-fi' m ti lity decline and reversals could be explained 

historically, the tudy cit d th u l kn d patiurc of expatriates after independence, the 

relative intcrnation II i f international aid, the flight of educated persons 

of Tutsi ()ri •in m i th d 1 ttur f herders as a result of ethnic conflicts between the 

llutu und Tut.:i · ·i 1 e planations for the high mortality during the 1965-77 period. 

The fa ourable ocial indicators such as increased international aid and internal political 

stability during the 1977-1990 were cited to have contributed to the rapid decline in 

under-five mortality during this period (Gakusi and Garenne 2007:426). The genocide 

and its aftermath was cited as the main reason behind the peak in mortality between the 

1994-1998 period. For instance, the study cited that during genocide, not only were 

civilians (including doctors and nurses) killed and displaced but also massacre of the 

general population and destruction of health infrastructure led to low utilization of health 

facilities and increased malnutrition especially among children leading to an upsurge in 

under-five mortality. 

H wev r, the tudy by Gakusi and Garenn 2007) failed t dem n tr t th 

which 

han 

Bi 

h th p ibl xplanat ry fact ntribut d t th und r-fi 
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Preston (1976), demonstrated that ' hen demographic events such as infant mortality 

change, it is not only the fact r th t d t m1in such events that could be changing over 

time and space but al o th uld t hanging at the same time. This phenomenon 

makes traditional t ttisti ·al t hniqu ' (which assume that the dependant variable is 

constant) su ·h 1 • th · m II in approach by Gakusi and Garenne (2007) inappropriate. 

ln tmother ·tud ' · ed on 56 developing countries, Rutstein (2000) analysed 89 sets of 

Demographic and Health survey (DHS) data to explain factors associated with the 

changing trends in infant and child mortality in the 1990s. Discounting countries whose 

change in infant mortality was below 10 deaths per 1000 live births as having 

experienced sampling errors rather than a real change in infant mortality, Rutstein (2000) 

found that Brazil recorded the highest decrease in infant mortality (34 deaths per 1000 

live births) while the highest upsurge in infant mortality was witnessed in Mali (17 deaths 

per 1000 live births). The study examined the relation between levels of selected 

covariates and infant and child mortality, followed by assessing the changes over time in 

the explanatory variables by relating them to the trends in infant and child mortality in 

each country. The author found that in general , explanatory variable explained b tween 

45 and 70 p r nt fthe variance in the trend in mortality. 

Ru tein 2 n ludcd th t 111 mg nd in ant f din ' 

the peri d their ov rail c nm must b minim, I. 

H p rti ul rl ' m 
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h pi in h ri ti 
. 

mu nm 



12 

infant and child mortality. However, Rut tein's study which applied ordinary least 

squares (OLS) as the main multi n 1 i i inappropriate as discussed later under 

the study rationale. 

Perhaps 1s r ·<.:) •niti m ll thi · m th d logical shortcoming, Rutstein et al. (2009) adopted 

a ditT·r 'nt ppr u 'h. Th auth rs applied a simple regression decomposition technique to 

c amin the hanging health conditions and the decline in infant and child mortality rates 

in Benin. Their approach, entailed using survival analysis by first producing hazard ratios 

for e planatory variables for the 2006 survey using a backward stepwise regression 

procedure and then multiplying the coefficients from the multivariate analysis with the 

changes in the distributions of health conditions between the sample surveys. These 

products were then summed and the sum was exponentiated to explain the change in 

mortality due to the changing health conditions (Rutstein, et al., 2009). Using this 

approach Rutstein et al. (2009) were able to determine that the changing health 

conditions in Benin explained 56 and 60 percent of the decline in infant and under-five 

mortality respectively during the 2001 to 2006 period. 

While the c nclu ion drawn by Rut tein (20 0 were p ulati e hi ugge ti n f th 

rc urgcnc 
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In addition, the breakdown of malaria control programmes and the changes in climatic 

and environmental condition (Om rib 'Oyugi, 2000; WHO & UNICEF, 2003, 

WHO, 2006) contribut d t th of malaria on early childhood survival. 

For instance, a stud · mdu t l u i ( 1992) revealed that mortality estimates for 

children in th · 111 tlui 1 ·nd ·mi mmunities (such as Nyanza, Western, Coast and North 

nst ·rn provin' ·) w · ut ix time higher as compared to the mortality rate in non-

cndemi ' c nununitie \1 hen other factors were controlled for. 

While the country experienced a breakdown in Malaria control programmes in the late 

1980s the renewed interests in the late 1990s in the control and prevention of Malaria is 

expected to have had a positive effect in reducing malaria morbidity and mortality in 

childhood. For instance, the change of the first line treatment of malaria from chloroquine 

to artemisinin combination therapy (ACT) for treatment of uncomplicated malaria (WHO 

et al., 2003; IAEA, 2007, Houwelling et al., 2006); the set up of the Division of Malaria 

Control (DoMC) within the Ministry of Health in 2000; the establishment of the national 

malaria trategic plan for 2001-201 0; the increased external funding for Malaria from the 

Global Fund to Fight AID TB and Malaria (GFT AM) and the implementati n f an 

ial marketing program MoH 2 1) c uld have rcduc d the ad e tmp t 

I ri on hildh d m rtality in the arly 2 
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numbers, Kenya registered an increa e in HIV infections from about 3000 under-fives in 

1989 to about 80,000 in 2003 ). Generally, about 60 per cent of babies 

infected with HIV die b for rt=• hin th ir fi fih birthday (Zaba et al., 2003). The indirect 

effects of tiiV/ 1 on ·hill un iv· I ar manifested through death or frequent illness of 

the care- •iv ·r )r br · dwinn t. un ·xplaincd trauma, and depletion of essential material 

(cconomi ·) ru1d n n mat rial re urces and even abuse from relatives which all tend to 

compromi, child health ( detunji, 2000; Nyambedha, eta!., 2003). 

Equally, a study by Hill et al., (2004) based on a merged dataset of 1993 and 1989 KDHS 

found that Kenya's upturn in infant and child mortality could not be largely explained by 

socioeconomic and bio-demographic or health status factors (apart from immunization 

coverage). Rather, much of the upsurge could be attributed to the increase in HIV 

prevalence (Hill et al., 2004). 

Other factors such as the decline in access to clean water and sanitation and change in 

maternal factors may have worked to worsen infant and child mortality in Kenya over the 

p ri d under tudy. For in tance, only 30.6 per cent of the hou ehold in Kenya had 

ac e t piped water by 199 as c mpared t 31.9 p r cent r rd d in 1 ( 

2 2). \ hil thi appear a marginal r du ti nina c 

:ren n l nd I imply that iz 
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Safe water and sanitation can influence mortality through well known pathways. Firstly, 

safe water and sanitation positi ' 1 influcn c infant and child mortality through a 

reduction in the exposur t w kr l m dis ast,; (Merrick, 1985:5) particularly diarrhoea 

disorders. ccondl , 1n ·r ·ts I "at r u 'c leads to better hygiene and the elimination of 

bactcriol(> 'h;ul · 1ntunin ti n . fcrrick 1985:5; K'Oyugi ,1992; Ikamari, 2000). This in 

turn 1 ·uds t) r ·du" f infection through intake (Merrick, 1985:5; KOyugi, 1992; 

lkmnurL 000 . 

Changes in some maternal factors may have contributed to the observed upsurge in 

mortality. For instance, 23 percent of Kenyan children were born less than 24 months 

after the preceding birth during the five years before the 1998 and 2003 KDHS (CBS, et 

al., 2004). This rise in short birth intervals may have contributed to an upturn in infant 

and child mortality since short birth intervals predisposes both births to a heightened risk 

of death (Chidambaram et al., 1985:21; Boerma and Bicego, 1992). 

In addition, short birth intervals may increase the mortality risks for all the children in the 

family becau e of larger ibling sizes leading to competition for parental attention and 

rc urce . orne tudie ha e hown that hort interval between u e ive pr gnan i 

giv w m n in uffici nt time to re t re th ir nutriti u r m 

m t m I dcpl ti n yndr m \ ith d r c cffl t n [I t 1 gr " th a ir nd min 1 
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Literature also shows that educational attainment in Kenya increased in the early years of 

independence but started declining in th 1 0 . F r instance, in 1970, the primary gross 

enrolment rate ( R) wa p r nt nnd th ap between males and females was about 

20 p rccnt (Bcdi, ·t ul. l > .... ll ' • r, by 1980, primary GER had increased to 115% 

and the •ap in • ·n I ·r ·m lm nt had reduced to 10 per cent. Trends however took a sharp 

dcclin · b ·tw · n 4 and 19 5 when GER fell from 107 to 99 per cent. The decline 

cems t have p i ted through the 1990s (Bedi et al. 2002:33). 

The reasons for the observed decline in the primary GER include the introduction of the 

cost sharing system as a result of the structural adjustment program by the Kenya 

Government in 1988 which increased the financial burden of education to parents and 

guardians (Bedi et al. 2002). The decline in GER after 1988 is likely to have adversely 

affected infant mortality owing to the widely known association between education 

(especially maternal education) and child survival (Caldwell 1979; 1986; Cleland and 

Ginneken 1988). 

1.3 The re earch que tions 

Th mam r arch que tion in thi tudy i : - What fact r e plain the rv d upturn in 

infant and child m rtality in Kenya during the 1 - 2 ? Thi que ti n 1 

th ~ II win 

up ur c in in nt nd hild m rt lit r l r 1 it pr u t t r 
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b) What factors contributed to the upsurge in infant and child mortality in Kenya during 

the study period (1988-200 . 

c) What factors explain th upsur ~ in infant and child mortality in the low and high 

IIIV/AID, pr ·v·tl ·n · fl' ns tn nya? 

Thi · study · lll •ht t) ( t 'id • n ·w r · to the above questions using appropriate data as 

well 1s 1ppr )priut • m th dol gical approaches. 

1.4 Stud Objectives 

This tudy aimed at investigating the factors underlying the upturn in infant and child 

mortality in Kenya between 1988 and 2003. The specific objectives were:-

1) To establish whether the observed upsurge in early childhood mortality was indeed 

real and if so, the extent to which early childhood mortality increased over the study 

period. 

2) To establish some of the factors associated with the upturn in infant & child mortality 

in Kenya between 1988-1995 and 1996/2003. 

3) To inve tigate the factors associated with the upturn in infant and child mortality in 

Kenya' high and low HIV prevalence regions during the tudy p ri d. 

l.S tudy R tional 

\ 'orldwid cr I milli n childr n di gl all and maj rit · f th hild d ath ur 

111 children di nnu 1l 

r tl 

hil m rt lit ·rn rt nt in d 
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the achievement of public health target uch as the Millennium Development Goal 

number IV of reducing infant mort lit ' b tw thirds by 2015. Early childhood mortality, 

especially infant mortahty i r ' rdl l n, o k "Y indicator of social progress and economic 

development and r tt ·s r infmt m rtality reveal a society's overall ability and 

willingncs!-: t} l'tr · f)l it· m ·t t ri k members (UNICEF 2004). 

The ri ·e in infant and child mortality during 1988-2003 was too sharp and had never been 

witne ed in the po t independence Kenya. Initial studies on this topic (e.g. Hill et al, 

2001· Hill et al. 2004) discounted deterioration in data quality as a probable factor 

behind the upsurge in mortality. Yet a clear understanding of the factors behind the 

upsurge is critical from a policy point of view for effective implementation of strategic 

public health priorities that can reverse the trends and prevent future upturns in early 

childhood mortality. 

The rapid changes in Kenya's demography including an upturn in early childhood 

mortality during the 1988-2003 make this study urgent and important. After experiencing 

a rapid de line in mortality after independence to early 1 0 Kenya exp rienced a 

re er al in mortality in the mid 19 0 through th 2003 p ri d (Barbi ri l 4· Hill eta/., 
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the country experienced an upturn in early hildhood mortality and the factors explaining 

the upsurge. 

This study wa aL om ltiv tt It • th' ur' nt need to fill some of the methodological gaps 

in the pa~t ~tudi · · m thi t pi . F r in tance, Rutstein (2000) used the ordinary least 

·quur ·s ( I ) · th main analytical model in studying changes in infant and child 

mortalit in devel ping countries in the 1990s. However, the assumptions of the OLS are 

inappr priate for a dichotomous dependent variable as is the case in this study since the 

error terms are hardly normally distributed (K'Oyugi 1992:73). In addition, OLS are 

deficient in handling the problem of heteroscedasticity? In this study, the risk of infant 

and child mortality vary across the data and hence the assumption of equal variance 

(technically referred to as homoscedasticity) among the correlates of infant and child 

mortality can no long apply. This study used parametric analysis as well as regression 

decomposition techniques to address the above statistical problem. 

In countries (such as Kenya) with a generali ed HIV/AIDS epidemic, the a umption 

about the independence between the mother and the child i flouted (Mahy 2 3· Zaba 

and ald 2 1). on equently, in uch c untrie , child m rtality an ly i 

limited t e year pri r t th urv y M h y 2 3; nd 

W ld 2 1). H r in tanc , Hill tal.. 2 

d to m del trend nd d t nnin nt in childh d m rt lit · in 
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Kenya, using the data drawn from 1993 and 1998 KDHS for children born ten years 

preceding the surveys. 

When analys ·s c t ·nt b · t nd ar. b !'; rc the survey, children belonging to mothers 

ith HIV are bound to be included in the sample more 

than tho·· of m U 't ' h \ ere infected earlier leading to biased estimates (Omariba and 

Boyle 007 . T fill thi gap this study limits early childhood mortality analysis to the 

five ear period before the 1993 and 2003 KDHS and to three years before the 1998 

KDHS. 

While the study by Hill eta/., (2004) is important in understanding the role ofHIV/AIDS 

on the upsurge in infant and child mortality, the sentinel surveillance data upon which the 

study is based are not nationally representative. Studying the effect of HN on child 

mortality remains a challenge in Kenya due to paucity of population based data. Even 

where population based data exist as is the case with the 2003 KDHS, no paediatric 

te ting was done hence it is hard to determine the actual role of AIDS on the upturn in 

early childh d mortality. 

Thi tudy ek t ntribute t a better under tanding f th r lc 

d upturn in ly childh d m rtalit . Th stud · d thi 
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effect (whether direct or indirect) on the covariates of early childhood mortality 

components in the high HIV pr · 1 n h uld be different as compared to its 

effect in the lower HIV pr 

nscqucntl . tl m · d the covariates of early childhood mortality by regional 

lilY pr · ul ·n · ·tatu . ne ould expect such factors to account for the observed 

diifcrenc in m rtalit ben: een the low and high HIV prevalence regions. Using 

regre ion decompo ition procedures, Peterson et al., (1986) did a similar regional 

analysi to explain the high infant mortality rates in the poorer states of Peninsular 

Malaysia. 

1.6 Study scope 

Generally, to fully disassociate the upsurge in infant and child mortality from the 

possibility of deterioration in data quality, one would require to use several data sets and 

methodological approaches of data collection. The data sets other than the KDHS would 

range from the Kenya Population and Hou ing Censu · the Multiple Indicator lu ter 

Survey· (MIC ) Kenya ervice provi ion data and Demographic urvc!llancc Data in 

D it c ndu t d in Kenya during the tudy peri d. It w uld ul cnt il d m, 

qualitntiv tudy \ ith th organizer f th urvey · a w 11 k t th fr min , of 

qu r hi nd th pr til fall nurn rat rs in a h f d ta. hi tud 

i to the u of d t dr wn m th nd 200 KDH du t) 
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Further, the study is restricted to births that o curred within five years preceding the 1993 

and 2003 KDHS and 3 year pr din th 1 urvey. This is done in order to 

minimize recall bia but al du t) tlh; fa t that some of the factors considered in this 

study such a· plac nly asked for births in the preceding five years 

prior to th · 199 ~ md . 0 H and three years prior to the 1998 KDHS. 

1.7 tudy limitation 

Although thi tudy examined changes in some of the selected factors that are likely to be 

associated with the recent upturn in early childhood mortality in Kenya, not all known 

factors that may have influenced the upturn in infant and child mortality were examined 

due to paucity of data. For instance, the effect of injury related factors on infant and child 

mortality components were not part of this study since KDHS do not collect information 

on these variables. 

Likewise, the proportion of households using insecticide treated mo quito nets especially 

in Malaria endemic regions is a critical factor in influencing infant and child mortality 

level and trend o~ ing to the fact that Malaria alone account for ab ut 26 0 death 

among the under-fiye each year in Kenya (MoH, 200 ). H wever infi rmati n n trend 

on th utiliz ti n fIT canty and ~ n t c 11 t d in arly r und f K H :u h 

durin th 2 and 1 urv y. urth r, ncith r d tati ·tic · n th 
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Even where information on malaria control mea ures was collected such as during the 

KDHS 2003, information on I mong deceased children was not available. 

Anecdotal evidenc how thnt b ~fore the launch of the social marketing 

programme to promot · th · ll( t 1 < f lTN ' in Kenya in 2001, the utilization was low 

(KNB • ct tli., . 10). In tu t. it ··only in 2002 that the proportion of pregnant women 

sleeping w1d ·r IT · m r ed from 4.9 percent to 25.5 percent in 2005 (MoPHS 2009). 

Even \ here data \ as available, not every known determinant of mortality was included 

in the analysis especially if it did not increase significantly over the years since such 

factors are unlikely to have contributed to the mortality upsurge (DaVanzo 1988; Rustein 

2000). For instance, while malnutrition would be expected to account for part of the 

upsurge in mortality, statistics show that by 1987, 32.1 percent of children were stunted 

and this percentage increased modestly to 32.7 in 1993 peaking at 36.8 percent in 1997 

and dropping to 30.7 percent by 2003 (CBS, et al, 2004). Hence on overall, the 

percentage of children stunted during the 1988-2003 period did not increase and hence 

could not have played a critical role behind the upsurge in Kenya' infant and child 

mortality. 

Likcwi r . ult ~ fr m DH 1 9 and 2 3 r caled that at th n ti nul I I, th 
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infant and child mortality during the tudy period. Rutstein (2000) also discounted 

determinants of early childh d m rt lit that hanged by less than 10 percent as 

potential candidates behind th m rt.1lit hon )~.:sin countries and regions under his study 

and attribut d uch mtn )f ·h.tn 'l: t :ampling errors in survey data. 

Furth ·r. lit 't tur ·h w · that in countries with generalised HIV/AIDS epidemics such as 

Ken u, tl1 a umpti n of independence between the survival status of the mother and her 

biological children is flouted (Mahy 2003, Zaba and Wald 2001). Consequently, it has 

been ugge ted that in such countries, child mortality analysis should be limited to a 

period not exceeding five years prior to the survey (Mahy 2003, Zaba and Wald 2001). 

To overcome some of the issues associated with generalized HN I AIDS epidemic; this 

study limits its analysis of infant and child mortality to at most, five years preceding 

KDHS. The use of such truncated samples however may result in reduced sample sizes 

calling for the need to limit inclusion of too many covariates that may compromi e the 

statistical power of the models. 

Thi tudy doe not al o attempt to explain the factor re p n ible for the up urge in all 

the tandard definition of early and late n natal m rtality p t n natal m rtality and 

child mortality (Hale ct a/., 2 ; Da anz eta/., 2 . Thi i b au ·uch an att mpt 

\\ uld h v rc uircd v ry 1 rg ampl iz which \ did n t hav t m int in th 
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1.8 Theoretical Considerations 

Several theoretical explanation h ' b n put tl tward to explain the rapid decline in 

early childhood mortalit l rid War Tl in most developing countries. The 

earliest of thcs · t: th • d 11\l ·r ·•! ht transition theory which attempted to explain the 

historical dwn' . ._ inm rt lit '· ft·rtdity and subsequent population dynamics that occur as 

s )Ci ·ti . ._ mo fr 1111 pr ·-tnm iti nal societies characterised by high mortality and fertility 

to po ·t-tnm iti nal c1etie of low mortality and fertility (Kirk 1996). 

According to the demographic transition theory, mortality decline precedes fertility 

decline though this has not always been the case. Among the many criticisms that 

bedevilled this theory, is the assumption that demographic changes are unidirectional, 

linear and progressive (Kirk 1996). That demographic changes are never unidirectional is 

best demonstrated by Kenya's demographic changes since the late 1980s. First, the 

country was perceived to have entered a demographic transition in the 1990s (Robin on 

and Cleland 1992, Brass and Jolly, 1993, CBS, et at 1999) followed by what Shapiro 

called a mid tran itional stall in fertility during the 1993-2003 period (Bongaart , 20 5; 

Shapiro and Gebre etas ie, 2007) and lastly a marked upturn in M rtality during the 

19 -2 3 p rid Barbieri 19 4·Hill eta/., 2 · Ikarnari 2 4· mariba 2 ). 

The ailur th dem rr phi tran iti n th ry m th f t llin • r 
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explain demographic dynamics. The theory also falls short in explaining the factors 

behind the mortality tran ition . 

The other domin tnt thinkin l b f( r 1h 1960 was that mortality decline could be 

primarily c pltul ·d b th in the application of public health technologies 

(Ynllin. 19 L: ). F r in tance, it is believed that inoculation was instrumental in 

eradicating infecti u di eases such as small pox (Vallin, 1992). Preston eta/., (1976) 

belie e that 60 percent of the decline in mortality after the Second World War could be 

explained by the decline in parasitic and infectious diseases alone. Omran (2005) in his 

formulation of the epidemiologic transition theory also recognised the importation of 

public health measures and internationally sponsored medical package as key to mortality 

decline. 

The argument, thus, was that irrespective of the society's level of socio-economic 

development, mortality decline was possible as long as there was a possibility to tran fer 

health technology to the people (Vallin, 1992:407). Applying this theoretical argument, 

Omran (2 5:754) explain that developing countrie uch as th e in Africa are 

underg ing through what he term as contemp rary r delayed epidemi 1 gtc tran 'Itl n 

m d I. Th d layed pidemi 1 gical tran iti n m d I h n char t n d y a rapid 

d truly u tanti 1 d cline in m rt lity in th end f\ rid\ r II . 

H n th m pr m ti n hh 

n th t th t ubli 
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beyond medical tools (such as immunization and therapy) if they are to influence 

mortality (Vallin, 1992; Hill and P bl 1 ; Omran, 2005). Proponents of this school 

of thought argue that it i th · factors that provide the initial impetus to 

mortality de lin . l·urtlt r, lhl· .tr ,u that exogenously developed and technically 

sophisticated publt · h ·alth pt r· mmcs cannot result in sustained mortality decline in the 

face of )(ll limit d impr \'ement in the living standards of third world countries (Hill 

and Pebl' . l 

Consequently once the initial impetus to improved standard of living is reached, 

improvements in medicine, increases in highly trained and skilled physicians, and easier 

access to medical care with urbanization would serve to enhance the survival chances of 

children (Hill and Pebley, 1989). 

Using the same argument Omran (2005), while explaining mortality transition in Europe 

and most Western countries in the 19th century, agrees that medical advancement played 

a peripheral role in mortality decline. For instance, he asserts that if we di c unt 

mall pox the rece ion of plague and many other pandemic in Eur pe m rtality d line 

was n t in any way related to the progre made in medical cien e. Rather, he argu 

th t bi 1 gl u h th 

th 

li ·n h lth h hit nd h ·gi 

m rt lit ' mran 2 :7 l . 

pl gu du 

nd hctt r nutriti n pl d 

th m tcriou 

ttcr t nd rd )f 

ntr 1 rot m 
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In the case of developing countrie , Omran (2005) argues that the delayed or 

contemporary model which i till n in c, plain the observed mortality changes. 

According to this mod 1, imp rt. tit n f tnl:dical care preceded improvements in the 

standard of livin • ( mr 1n .. :7 . 'Thus while the benefits of medical care followed 

impr vcm ·nt~ in th · ·t nd:ud li ing in the Developed World, Kenya like the rest of the 

dcvclopin ' · 1untti · fir t enefited from the importation of medical care prior to 

impr ement in the tandard ofliving (Preston, 1977; Omran, 2005). 

The role played by the epidemiologic transition theory in explaining the causes in the 

shift of diseases as well as its contribution to the understanding of the cultural, social and 

behavioural determinants of health is indisputable (Fetter, 1997). However, just like the 

demographic transition theory, this theory is also faulted as being unidirectional, linear 

and progressive (Kirk 1996). For instance, the theory fails to explain the fact that in the 

course of mortality transition, there are possibilities of emergence of new infections 

which could be important causes of death as has been the case with the AIDS epidemic in 

orne ub Saharan African countries. 

Likewi e, th the ry fail to account for the re-emerg nee f di e M laria 

r i tant train nd drug re i tant train f Tub rcul I \ hi h h \' tn rca in ly 

b m lffi d thin m d \Cl pin • untri uch a. In t. in 

m n n.: i t nt train in th mid h he.: n 

di b hind th ri in" m rt lit · II u lin 
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In addition, the theory also failed to account for the fact that rather than a single mortality 

transition, there can indeed b m n fT n iti n in place and time (Fetter, 1997). The 

epidemiologic transition 1 1 ft , numt r funan wcrcd questions. For instance, Fetter 

(1997) among oth 1 thin ' ·, h ·thcr there is indeed a minimum package of 

immunolo •ic 11 l' m liti n · n ssary for the occurrence of an epidemiologic transition. 

Fetter qu · ·ti n · if human di eases that could cause death are sufficiently limited in 

number and typ t allm: for a package of medical and preventive interventions to be put 

in place as to lm: er human mortality. Further, he argues that even if the diseases were 

limited in number and type, different people have varied immunological resistance to the 

diseases (Fetter 1997)- issues which appear to have been overlooked in the theory. 

He also demonstrates that perceiving medical interventions as independent in addressing 

morbidity and mortality among the human populations is inadequate since there exists a 

number of social, cultural and economic factors that need to be overcome if human 

mortality is to be lowered. Consequently then, a better theory of mortality needs not only 

to provide for medical/ public health interventions but should al o allow for cial 

cultural and economic factors as important ingr dient in explaining mortality level . 

Th a v argum nt upp rt d by aldw ll 1 \ h 

t n iti n in d vd pmg c untric h, n n r 

m m nd 

hin h n •ith I \ pit II 
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(Caldwell, 1990:46). Caldwell described such countries as "superior health achievers" as 

compared to their current level f 

Intuitively, the Mo:l · Ul I h n I 4) framework and its variants prove useful as a 

thcor ·tical 'uid · •n th ·tud f human mortality. According to Mosley and Chen (1984) 

thcr · arc a linit ~ ·t f pr imate determinants through which background factors act 

through to affect m rtality levels. The authors identify five groups of proximate 

determinant of child health: maternal factors (age, parity, birth interval); environmental 

pollution (such as exposure to disease); nutrient deficiency; injury and personal illness 

control. The authors argue that the list of proximate determinants is supposedly 

exhaustive, such that health will change if - and only if - one or more of the 

determinants change. 

Further, the model holds that all the socio-economic or 'background" factors (which 

include social, economic, cultural and health systems variables) influence a par imonious 

but exhau tive et of proximate determinant which in turn directly influence child 

urvival (Mo ley and Chen 1984; Hill, 2003:2). The emerging up urge in infant and child 

mortality in Kenya can therefore imply that the c nditi n which 1 d t d lin in th 

p t (i. . in th 1 thr ugh the mid 19 ) mu t ha changed. Th c nc ptual 

tram w r d by ley and h n (I 4 h wid ly n u d in tudi of 

hil urva , 2 :12 ~ K' yu i.l 2 . 
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The framework shows that socio-economi and cultural factors affect childhood mortality 

through five proximate determin nt wn in Figure 1.2. Not all proximate factors are 

analysed in this study du t p. u tt dot, and the need to maintain statistical power. 

Figure 1.2: A , urnm ru d to .. t :md h n (1984) Conceptual Framework 

B~ack •round f 1 · t · 
• I ndtvtdu,tll ,. 1 f t 

'.g. tn,\t m.tl/ p temal 
cducati n 

• 

• 

II usehold 
fact r 
Hou·ehold 
index 

Community 
factor 

e.g. 
wealth 

level 

Proximate Determinants 

• Maternal Factors 

• E nvrrorunenrnlPollution 

• 
• 
• 

N utritional deficiency 

Injury 
Personal illness control 
e.g. health seeking habits 

Changing Child 
Survival Status 

• Alive 

• Dead 

• 
• 

Morbidity 

Growth 
Faltering 

Below is the operational framework used to guide the specification of variables for 
further analysis:-

Figure 1.3: The Operational Framework for studying childhood mortality in Kenya 
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1.9 A Synthesis of the theoretical considerations 

The review shows that Ken a i rn n th few sub Saharan African countries that 

experienced reversal in rl ) m rtality in the late 1980s throughout the 2003 

period. Prior, th c unh n ci a remarkable decline in mortality since the 1950s. 

Th reasons b ·ldod th • ri · in m rtahty during the 1988-2003 period are speculative and 

lurg ·ly p ))rl und ·t d. 

El ewhere. past tudies using a range of methodological approaches also pointed out a 

number of di erse factors responsible for mortality changes. These factors ranged from 

government initiated health programs and improvement in socio-economic status 

(Rosero-Bixby 1986; Bicego et al., 1991); changing levels in maternal education (Da 

Vanzo and Habicht 1986; DaVanzo 1998; Hale et al., 2009), changes in marital fertility, 

percentage rural, percentage Catholic, access to medical care, percentage illegitimate, 

urbanization and access to infant welfare centres (Kintner, 1988:600). 

In sub Saharan Africa, the factors behind the upsurge in early childhood mortality have 

ranged fr m the udden departure of expatriate , the relative international i lati n, the 

Ia k f int mati nal aid and emigration (Garenne and Gaku i, 19 5 t th ad cr c c 

HI I 10 r urgcn f a I aria r i tant tr in , d clining nutriti nal tatu , 

tcri nomi p ram t rs d lin tn immuniz ti n nd d t ri r tin' 

publi nditi n (Rut t in 20 · Hill t a/., 2 1 • manb 2 

ut 
. 
n 
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The review also noted that in general, there i no single theory that can explain mortality 

changes. Rather, there are a numb r f p t ntially common elements within different 

theories. The Mosley and h n' 4 th ory is among the few that attempted to bridge 

the gap b tw n th publi · IH .• tlth ·md socio-economic viewpoints on mortality decline. 

According to M ) ·I · nd h n 19 4), the list of proximate determinants is supposedly 

c hnustiv '. ' U 'h that health will change if - and only if - one or more of the 

detenninant change. 

This study used the Mosley and Chen framework to guide the specification of factors 

likely to have influenced the upsurge in infant and child mortality. This choice was 

influenced by the fact that this framework is popular, is well suited for studying 

covariates for changing mortality and has been widely used in the study of mortality in 

the past. 

1.10 Organisation ofThesis 

Chapter One pre ents an introduction to the study problem, rationale, re earch que tion 

and objecti e . It a1 o pre ent the literature review and di cu e the th r tical 

framework critical m understanding m rtality tran iti n . Finally, it di th 

rati n le on the f the ley and h n ram \ rk ( 1 4 in guiding th 

p ifi ti n th co ri t fi r thi tudy. 

un I in nn ti n •ith 

und r 

urth r 

in in nt n I 
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child mortality. Chapter Three describes the nature and sources of data as well as the data 

quality. The chapter applie a rang f d m graphic data assessment and evaluation 

methods and also pre nt t f t hniquc..; that are used to study the upsurge in infant 

and child mortality. In 1 llttt n. th haptcr discusses the variables that will be used in 

the study and h lW lh · w ·r m · ·urcd in this study. 

hnpter Four pre ent bi ariate results. These results show the extent to which early 

childhood mortality changed during the study period among the selected set of factors. 

The levels and trends in infant and child mortality that were computed using the synthetic 

cohort life table technique are presented and discussed. 

Chapter Five examines the covariates underlying the upsurge in infant and child mortality 

in Kenya in the 1988-2003 period. The Weibull model in the accelerated failure time 

framework is used to assess the covariates that were associated with prolonged or 

reduced risk of dying as well as the overall model contribution to the upturn in infant and 
child mortality. 

haptcr. ix xamine the factor as ociated with the upturn in infant and child rn rtality 
during th tudy p ri d u ing regre i n de rnp iti n t hniqu hapt r n 

n d rnp iti tudy th upturn in infant and chtld 
rn n th high nd 1 \ HI pr r gt n . h 

iti n t hniqu ·hi h u b , H 1 1 a/., 2 I u I. 
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Finally, Chapter Eight gtves a summary of the research study by highlighting the 

objectives and methodological ppr h a well a discussion of the key research 

findings and their impli ti n . ' l h hoi t r al speculates some of the other variables 

that arc likely to hav · ntrit ut I t th ' up ·urge in infant and child mortality that were 

not con~id ·r · i tn thi · 'tud . fhe chapter also presents the implications of the key 

as well as future research on this topic. 

I Otfltl 
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CHAPTER2: STUDY CONTEXT 
2.1 Introduction 

This chapter present th tud nt : t. 1t i, divided into two main sections. The first 

section present th b ·k •r und tnf rmation on Kenya's demographic and socio-

economic prot11 · t > ·h ·d · tn(; Ji ht n the contextual scenario under which the country 

c peri ·nc ·d m U! ·ur' · in in ant and child mortality. The second section provides a 

hi 't ricul u 'C unt f enya' ocio-economic conditions that may have shaped trends in 

early childho d mortality since independence to the year 2003. 

2.2 Kenya's Physical, and Demographic Proftle 

Kenya, a country that became a republic in 1963, is one of the East African countries 

located between latitudes 4.21° Nand 4.28° Sand between longitudes 34° E and 42° E. It 

is bisected into almost half horizontally by the equator and vertically by the 38° E 

meridian lines. The country has a total land area of 582,000 km2 and is bordered by 

Ethiopia in the north, Sudan in the northwest, Uganda on the west, Tanzania in the south 

and Somalia in the east with a 400 kilometres of the Indian Ocean shoreline. 

Kenya can be di ided into two di tinct region ba ed on the climatic c ndition , pattern 

f human ttl ment and agricultural acti itie - the lowland and highland K n a. 

ppr · im tcly 0 p r nt of the land i arid and emi-arid and nly 2 

K n I clim, te fr m a tr pica! clim t n th har t n1 d by h t and 

humi tc lim t inl nd nd t a dry clim t in th n rth. h . 
m rl •- mid nd h rt 

tn m m r. n un lh 1 
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in the west where, rains are well di tributed throughout the year. Below is the map of 

Kenya. 
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while Nairobi, Central, Eastern and North Ea tern provinces have lower prevalence of 

Malaria (K'Oyugi 1992). 

2.3 Population . iL • anti C h:UtJ!t 

Kenya's p )pul1ti m 1 Ln\th h en rally been rapid increasing from 10.9 million people 

in l9 9 to 8.6 milli n ) ugu t 24th, 2008 as shown in the Figure 2.2. This implies that 

Ktmyu· · p pulati n has more than tripled in the past 40 years. The increase in Kenya's 

populati n from 28.7 million in 1999 to 38.6 million in 2009 implies that on average, the 

population is increasing at an annual rate of 1 million people. 

Figure 2.2: The Population Trends (OOOs) for Kenya, 1969-2009 
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Source: United Nations Department of Economic and Social Affairs/ Population 
Division, 2002 

Figure 2.3 shows that apart from Rwanda which witnessed a slight decline in population 

growth in the mid 1990s due to civil war and its attendant countrywide genocide, the rest 

of the selected countries consistently recorded an increase in population growth over the 

years. For instance, the graph shows that Ethiopia's population size increased by over 

two and halftimes between 1970 and 2005. 

Like most other developing countries, Kenya has a typical broad base population, which 

taper off with increasing age. The broad ba e of the young population is reflective of the 

high fertility and high adult mortality that Kenya i experiencing. Thi i eviden ed by 

th life e p tan y at birth, which increa ed from 4 years in 196 t 54 in 1 79 and th n 

)c r by l but dr pp d to 57 and 47 years in 1 

eta/. 2 

urth en n A ri n untr ' t l t up pul ti n 

in I 7 it nl in th th t th 1 li th I impl n nt 
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(Chimbwete et al. 2005). Consequently, population growth was rapid in Kenya and by 

early 1980s; Kenya experienc d n f th highe t fertility rates in the world. This 

appears to have be n c u d I. k c f m tivati n among Kenyans to control their 

nhn t the 1966 Knowledge, Attitude and Practice 

surv y c ndu ·t ·d bv lh • r ulati n ouncil, Kenya's ideal family size seemed to equal 

the u ·tual funul ·1z himb ete et al. 2005). 

Indeed Kenya fertility rate rose from 5.5 children per woman from 1940-1955 peaked 

at 7.9 children per woman in the 1975-79 and then dropped to 4.7 in the 1993-1998 

(CBS et a/.2002). Below is a graph showing the trends in total fertility rate in Kenya and 

that of selected African countries. From Figure 2.4, the observed downward trends in 

fertility rates in most countries since mid 1980s epitomises the general fertility transition 

that is currently under way in most sub Saharan African countries. The exception to this 

is seen in the case of Uganda which exhibits a unique stall in fertility of about 7.1 

children per woman throughout the period. 
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Figure 2.4: Trends in TFR in Kenya and other selected African Countries, 1970-
2005 
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Source: United Nations Department of Economic and Social Affairs/ Population 
Division, 2002 

The consistent fertility decline in Kenya since the 1970s as shown in the figure above is 

consistent with the views of some scholars who concluded that Kenya had entered the 

once long awaited demographic transition in the 1990s (Robinson and Cleland 1992, 

Brass and Jolly 1993, CBS, et al. 1999). Indeed, a reduction in total fertility rate from 7.9 

in 1979 to 4. 7 in 1998 and a reduction in inter-censal population growth rate from 3.8 to 

2.7 percent in the arne period (CBS, et al. 2002) was quite remarkable t warrant uch 

conclu i n . D pite the much talked demographic tran iti n in Kenya recent trend 

h w t 11 in f1 rtility in the c untry in e 1 thr ugh 2 3 8 t a/., 2 4. Th 

t t l rti 1i t , 4. in _OQ 3 nd 4. in 2 K , t a/., 2 1 ). 
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2.4 Regional trends in infant and child mortality rates 

A notable trend in infant and rn rt lit trend in Kenya 1s the marked regional 

differentials. Generally, ntr 1 pr \in h~ always been a low infant and child mortality 

region while Nyunzu, W • ( m and oast have been high mortality zones. For instance, 

while ccntrul pr win·, hu infant mortality of 31 deaths per 1000 live births in 1993, it 

wns over f ur lim'· h1 her m yanza during the same time (128 deaths per 1000 live 

birth ·). nerall . all the pro inces in Kenya experienced an increase in infant mortality 

in the five years preceding the 1993 and 2003. Figure 2.5 below gives trends in infant 

mortality by province in Kenya from 1989-2003. 

Figure 2.5: Trends in Infant Mortality Rates by Province, KDHS 1993, 1998 & 2003 
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upsurge of 19 and 15 percent m infant mortality during the 1988-2003 period 

respectively. 

2.5 tructural and m rtnlit) dulngc in post independent Kenya 

Ikamari (2004) pnwt I· · · n i · tr ati ·c of the economic phases that Kenya as country 

und ·rwcnt thnu ·h ·in · ind p ndence to the early 1980s. The first phase, often referred 

u · lh "g ld n ug ,·· lkamari. 2004) was characterised by low inflation, high employment 

reati n, a relative table balance of payments position, and an annual GDP growth rate of 

about 6.5 per cent (Ikamari 2004). In addition, the first phase (1963-1973) was marked 

with an impro ement in curative and preventive medical care services, increased food 

production, initiation of child nutrition programmes, introduction of cash crops such as 

coffee and tea, massive investments in the education and employment sectors (lkamari 
2004). 

For instance, the government designed and implemented policies that aimed at promoting 

coverage and acce to modem healthcare in que t to attain the long term objective of 

health for all (Kimalu et a/., 2004). The provision of "free" health service a a 

development trategy to alleviate poverty and improve the welfare and pr ductivity of the 

c untry · n aft r indep ndence i likely to ha e played a critical r le in th rapid und r-

fivc m rt lit d lin until the arly 1 imalu et al., 2 4; Ikarnari, 2 4 . Th 

c upl d with di ur r pid d 

h lth ervi f: dliti in ludin tr inin , md 
l rti h lth r d liv 
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The second phase from 1973-1979, wa marred with external factors especially the Arab-

Israeli war which resulted in a harp in r in oil prices leading to among other things, 

internal imbalance in K n 

another . hock wh n l mzil 

lk m. ti _ 4). During the 1976-77, Kenya experienced 

r p wa ' destroyed by frost leading to a rise in Kenya's 

collcc pric ·: wtth r ·ultant impr cmcnts in the balance of payments position, but 

· a lin ·u ~ tantial internal imbalances since the country did not respond 

th windfall gains (Ikamari, 2004). 

Thirdly in 1977 there was the collapse of the East African Community due to ideological 

differences among the East African countries and fourthly, oil prices rose in 1979 leading to 

the slowing down of the GDP to 5.2 percent per annum. The fact that this era appears to 

have been accompanied by continued rapid decline in infant and child mortality underscores 

the fact that mortality responds to changes in socio-economic and health interventions after 

some lag (Garenne and Chlcusi, 2005). 

In the third phase ( 1980-1985), there was a slow growth in GDP of about 2.5 per cent per 

annum due to a wide range of factors including continued high cost of oil price the gl bal 

i n f the 19 -1982, and p or internal ec nomic management (Ikamari, 2 4). 

nothcr im rt nt hi torical re n to c id r i the p litical i tability during the 1 2 

tt mpted up d' tat \ hi h might hav 

(ffi dm 
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tin • m rt lit 

re in tm n ' in th untry in luding 

4: 0 

lin ri n thi 

d 

h,\ b n 



45 

The last phase that saw a consistent mortality decline at national level since Kenya's 

independmce covered the 19 6-1 Q p ri d .. Thi era was characterised by sluggish and 

generally fluctuating gr wth in th , P r mini cnt of the early 1980s. This phase was 

charactcris d with th · int un u unpkm ntation of the structural adjustment programmes 

( AP~) that wet • ti· mt ·db th ·International Mond:ary Fund and 1he World Bank. 

The l s ldv • · -'IY atT· ted health and education programs. 

For in tance, the decline in primary gross enrolment rate (GER) in 1984/5 from 107 to 99 

per cent in the 1990s (Bedi et al. 2002:33) is largely attributed to the high cost sharing 

sy tern by the Kenya Government in 1988 which increased the financial burden of 

education to parents and guardians (Bedi et al., 2002). In particular, SAPs fronted for 

reductions in government spending on health and education, led to increases in food prices 

due to elimination of price supports, increased unemployment through retrenchment of civil 

servants and changes in exchange rates all of which resulted in sharp reductions in family 

income and less family expenditures on health (UNICEF, 1989). 

One of the con equence was the increase in the co t of education leading to a dechne in 

th quality of education and high ch ol dr p ut e pecially among girl and th p r 

( 1\\C' and Kukub 1993~ B\! ire, 1 4). The de lin in ducati n w ened mfant nd 

chit m rt lity rat , sin cduc ti n am ng w m n n ur g 

h lth nd pr~.:n tal c r~.: ll b ra t a/., 4 K' uti 1' 2· 

I m · 1 
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Likewise, the introduction of cost sharing in healthcare as a result of SAPs coupled with 

mismanagement (such a la k dru and medical supplies and equipment in 

government health faciliti ) m ' h ~ r du ·~.:d accc ibility to health services among the 

poor includin • fa ·ilit b 1 • I I \i' n :. onscqucntly, this may have slowed down or 

rcvcr~cd th · on·· I ·linin • m rtality trend especially maternal and infant mortality 

(Bwin:, \l)Q : 1. lk mari. 2 4). 

The decade of the 1980s and 1990s saw the country in experiencing weak and even 

negati e economic growth. The country experienced a gross domestic product (GDP) of 

below 5 per cent since 1988 with some years such as 2000 recording negative growth 

(World Bank 2007). Part of this deterioration was due to the high population growth 

which outpaced GDP growth leading to a decline in per capita GDP and a decline in the 

standard ofliving. Figure 2.5 below shows the trends in Kenya's GDP in the mid 1990s 

to early 2000s. 

Figure 2.6: Kenya's GDP (per cent real GDP) 1994-2003 
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The sharp drop in GDP during the 1999-2000 has been explained by a severe drought 

which compounded Kenya' pr bl m , nu in the rationing of electricity and a reduction 

in agricultural output ( B , 

slumped as a r sult of )n\( 

Ut in the same period, growth in manufacturing 

n fr m cheap imports, dilapidated infrastructure and 

200 ). Although 2001 saw the return of strong rains, 

limited Kenya's economic growth. In general, the adverse 
wcuk comm dit n 

ccon mi' d wnturn in the 1980s had an adverse impact on the health of the Kenyan 

population particularly on infant and child survival (CBS, MoF, 2002). 

Though agriculture has been the backbone of Kenya's economy, the fall in agricultural 

production, particularly food crops since 1990, has forced the government to import 

major staple food crops virtually every year (CBS, 2003). Although the direct effects of 

food shortages and nutritional deficiencies are difficult to quantify, malnutrition is 

undoubtedly cited as a source of substantial demand for curative services and a major 

contributor of mortality and morbidity especially among children (CBS 2003). 

2.6 oncluding Remark 

Thi chapt r pr nted the demographic profile of the c untry in a regi nal c nt xt. 

en r ll), K nya p pulati n increased by ab ut 3.5 time· beh e n 196 and 2 

p rienc d a tall in fertility TFR t d at 4. nd n 

nd 2 per nt bet\ n I -2 
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Kenya's upturn in infant and child mortality coincided with an era of sluggish and 

fluctuating growth in GDP and the n t f tructural adjustment programmes (SAPs) in 

the late 1980s. The conditi n A Ps su h n cost sharing in education and health care, 

as well as rctr nchm nt ''lu h I J to a fall in household income may have increased 

infunt nnd duld m Ht lit tat sin the late 1980s throughout the early decade of2000. 

The 'rratic weather conditions may have also affected food supply in early decade of 

2000. The increase in HIV prevalence, the persistence of Malaria resistant strains and the 

changing maternal factors are additional factors that may have influenced the upsurge in 

infant and child mortality. Some of these factors are investigated later in this study. 
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CHAPTER3: DATA AND METHODOLOGY 

3.1 Introduction 

This chapter ha four ·ti n_· ~ I!( n n describes the sources of data. Section Two 

cxpl res th n ttur · u1 I 1u.tlit H data in relation to infant and child mortality 

analysis. · 'li )I\ Tht pr 'ide· orne important caveats on the basis of data quality 

n'' ·ssm nl pri r t data analy is. Section Four highlights the methods of data analysis 

u d in thi tud . 

3.2 The nature of sources of Data 

The data used in this study are drawn from the 1993, 1998 and 2003 Kenya Demographic 

and Health Surveys (KDHS). These sets of data were the most ideal because the upsurge 

in infant and child mortality was first observed in Kenya in the late 1980s and the data 

sets contain maternity history data that are necessary for estimating infant and child 

mortality. Secondly, where there is no complete and reliable vital registration system 

such as in Kenya, DHS data remain the most extensive source of relatively good quality 

data for computing key population and health indicator at the national level ( 2 4). 

Th KDH '· carried out by the Kenya Bureau of tati tic (K B 

r p put ti n and D cl pm nt PD) and 

m ng th rs. Th 

mpl 

Ill ti I lu d 1 n. ct il 

m ti unt rt. 

ati nal un tl 

In rp r ti n f 

r und. fK II 

th 1plin • 
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During the 1993 KDHS, a sample of7540 women aged 15-49 years yielding a response 

rate of 94.3 per cent were intervi ' d \J hil in the 1998 KDHS, 7,881 women of 

reproductive age (15-49 . nd _ .• > m n aged 20-54 years were interviewed. The 

KDTI 2001 . ampl I l > li 'ill women (15-49 years) and 3578 eligible males 

yicldin • 11 r · ·p )11 • • r t • an per cent respectively. 

Th m rged KDH datasets used in this study had a total of 14,137live births which was 

about 7 percent of all live births born 5 years before the 1993 and 2003 KDHS and 3 

years before the 1998 KDHS. The data used in this study excluded births that occurred 

during the month of interview as well as multiple births. The exclusion of births that 

occurred during the month of interview was informed by the fact that the survival status 

such births was unknown. The exclusion of multiple births was necessitated by the fact 

that such births tend to experience a much higher rate of early childhood mortality as 

compared to that of singletons (Khasakhala 2000; Uthman, et al., 2008; Kembo and 

Ginneken, 2009) and hence their inclusion could have biased our mortality estimate 

upward. 

In all the urv y the information collected that i central t thi tudy includ the 

d ta ' hich include mfl rmati n on type f h u ing h u ch ld 

nd n ir nm ntal full 

birth hi t •ed 1 

11 kc t > 
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and date of birth of every child that was born; whether the child was still alive and if not, 

the age and/or date of death. 

The 2003 KDJJ w t.' uni lUl' ·1n 1n addition to collection of standard information on 

sumpl·~ ( ) f r Hl 

u ·c and fertility preferences, it collected dry blood 

ting of adults. Out of the targeted 8486 respondents for HIV 

te·ting, 7 percent\ ·ere uccessfully tested with 76 percent of adult women (15-49 years) 

te ted again t 70 percent of eligible males in the same age cohort. In all the three rounds, 

re earch ethical guidelines were followed. 

3.3 Probable errors in childhood mortality data and their causes in Kenya 

The common types of reporting errors in birth history data that may affect the quality of 

infant and child mortality measurement are omission of dead children, incomplete 

information on date of birth or age at dead, displacement of events in time and errors in 

reported age at death (Becker and Suliman,2005). In addition, sampling errors can al o 

affect mortality estimation especially if the sampled households are not representative. 

However, an asse sment of the com pari on of the distribution of the population at ri k by 

ele ted characteri tic in the past has hown that the effect of ampling err r n 

m rtality e timati n are minimal (Be ker and uliman, 2 5; ulli an 2 

In Ken th numb r de d childr n i und r-r rt d in m du t 

nd t u nzi, 1 In r i id n that m thcr 

t m t ll \ ·h n their childr n di lin ' ll 
rni i n 

). 
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Some of the errors in mortality data uch a hifting and displacement of births may 

understate or overstate mortalit 1 v 1 und it ha been found to be common among more 

recent reporting e p ciall m n I w m n with I w literacy or where reporting is done by 

a foster mother (Mu I mzi, 1 > 4~ · icr ten et al., 2005; 2009). In Kenya, children in 

their ~ccond l'tr )r Itt'· wh eti re they have been weaned may be reported as infant 

deaths (Mu 1 Ul i. l o ; 2 ) which may overstate the true rate of infant mortality. In 

Dll . there t ·nd t be an aversion at age 4 by some research assistants so as to avoid 

a king additional questions on the child's anthropometry. 

Generally, underreporting of early childhood deaths result in underestimation of mortality 

while misreporting ages at death tends to distort the age pattern of infant and child 

mortality (Obungu, et al., 1994; Muganzi 2000). It is sometimes possible to detect these 

errors if they are system tic (Kiersten et al., 2005; 2009). 

In the next section, the study is devoted to assessing the quality of KDHS data by 

examining logistical i sues that were put in place to ensure high data quality and by 

applying orne of the demographic technique for the asse ment of data quality. In 

carrying out the as e ment, the tudy aim to demon trate whether the up urg in infant 

nd child m rtality c uld ha e be n a c n equcn c d tcri rating d ta quality ari ing 

nm ny o th fi ur t nti 1 rr rs r w n fr m ch ng r 

th p , im t di t l d t nnin, nt m rt lit ·. 
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3.4 Logistical arrangements that enhanced quality of data collection in KDHS 

In all the three rounds of KDH , nr ful lection of supervisors, field editors and 

interviewers was don t 

most of the 

oordinutin , 

thnt into llcctcd was of high quality. For instance, 

" r hi hi trained officers working with the National 

ulation and Development and Kenya National Bureau of 

) · · fi ld fficers, statistical officers or population officers. In addition, 

technical as i tance in conducting of the surveys was provided by the MEASURE/DHS 

team. ec ndly. the interviewers were mostly University graduates who were conversant 

with qualitative and quantitative methods of research with similar fieldwork experience 

in DHS or behavioral surveillance surveys (CBS eta!, 2004). 

The selected interviewing teams, supervisors and editors were also trained prior to the 

actual research in all the three rounds of KDHS considered in this study. Pretesting of 

questionnaires was also done to ensure flow and consistency (CBS et al., 2004). On the 

other hand, completed questionnaires were returned periodically from the field to CBS 

offic m air bi, where they were edited and entered by data processing personnel 

P cially trained £ r thi task. In t rm f rific ti n, data were entered twice. he 

advantage \ ith concurrent proce ing of data wa that K B was able to advi e field 

tc m o err r d tected and immediate me ure w uld be put in pla t 

qu lity. 
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3.5 Completeness of age reporting 

A general analysis of KDH dat h w th t in gcn ral, the completeness of age reporting 

among the sampled childr n imprl Hi l r the period. Figure 3.1 below shows that the 

percentage of childr ·n wh) · tl\{ nth and year of birth were reported increased from 97 

imputed declined o er the years under study- a pointer to the fact that age reporting over 

the year improved. 

Fig_ure 3.1:Percen_ta_,.._ __ _ led Children with stated Month and Year of Birth 
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3.6 Quality of Age reporting 

While age reporting improved a di u. d in the preceding section, the question is to 

what extend was the a ut th rq rt d age ? This section addresses this question. 

Normally, singl n in ccn uses and surveys in developing countries 

·pecially on ages ending with 0 and 5 but sometimes 

c tent to oth r num · ' ell. It is generally argued that if age reporting of the mother 

is reliable, then age reporting for children will equally be reliable (Ikamari, 1996). The 

graph belm: hm: the age distribution of women 15-49 years that were sampled in all 

the three KDHS. 
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Some authors have proposed that to resol e the problem of age heaping, one can group 

women's ages in five year u ing un n · nti nat groups whose terminal digits do not 

end with 0 or 5 (Palloni t a/., . 7 . ln d ing o, digit preference that consists of 

rounding to tcnnin 1 \ • s t ( nd b c me tractable such that beyond the degenerate 

cases, such 'rtmptn• · "ill m ·t ·rtainly contain most of both the reported and the true 

age of individual · wh unded up their ages (Palloni et al., 2007). 

The adoption of this approach resulted in a marked reduction in the distortions in age 

reporting as shown in figure 3.3. As shown, women's reported ages in later surveys 

(1993-1998 and 1999-2003) appear to be the less noisy as compared to that for 1988-92 

dataset. Generally, the number of women tended to decrease with increasing age as is 

conventionally expected. 

Figure 3.3: Percentage Distribution of Women by 5-year age groups: KDHS 1993-03 
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the three rounds ofKDHS. The Myer' index aims at ascertaining the degree and pattern 

of digit preference (or avoidan in g rep rting (Siegel and Swanson 2004). 

3.7 Computation o My r's indt: 

The compututi n 1f l) ·r· · ind i · ne of the most used approaches for checking data 

quality m u 1 r I rtmg. lt entails constructing a blended population as a weighted sum 

of the numbers f people that report their ages ending in each of the ten terminal digits 

over a gi en age range. Generally, in the absence of any systematic distortions in age 

reporting the sum at each terminal digit approximates 10 percent of the total blended 

population. 

A sum in excess of 10 percent for any of the terminal digits indicates preference for ages 

ending in that digit and a negative deviation for a given digit means avoidance or under­

selection of ages ending with that particular digit (Siegel and Swanson 2004). The 

summary index of digit preference is thus obtained by adding all the absolute deviations 

of all digits ignoring the signs and then dividing the sum by two. The theoretical value 

range from 0-90 and the lower the value the le the extent of digit preference. 

Th figure .4 belov how the extent of digit pr fcrcnc a idan am ng \ mn 

rc nd nt per th thr r und of th m rgcd K H ' 1 and2 

nding in 0, 4, and n th c ntr 

1 2 hi ' tl 
~ 

11th th 

, H . n in di IV th It in h l nt lht. 
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women aged 20-49 years reported their age within the correct terminal digits. The 

indices for the 1993-1998 and 1 q --00 merged KDHS were 94.8 and 96 percent 

respectively. 

igurc .4 1 Htr 1 · thut th t nt f age heaping is low. There appears to have been a 

light impr m nt m the quality of age reporting in the 1988-2003 period. The 

impr vement in quality of age reporting could be as a result of close supervision and 

proper editing of filled questionnaires in the latter surveys and improvement in the 

intensity of training and quality of interviewers in latter rounds of surveys. 

Fi ure 3.4: Di it Preference Pattern b~ Age of Woman 15-49 years: KDHS 1993-03 
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three surveys. Other preferred terminal digit were 0, 5 and 6. On the contrary, ages 

ending in 1, 2, 3, 7, 8 and 9 tend d t id d mo t as compared to the rest as shown 

in figure 3.5 below. 

Figure 3. /Avoidance Pattern: KDHS 1993-2003 

5 00 -)( - 4 00 
~ 
Cl 

300 '0 -Cl 2.00 c 
"E 1.00 
~ ... 0.00 Q. -
~ -1 .00 

~ -2.00 
0 
> ns -3.00 
~ 0 

-4.00 

Terminal Digit (x) 

I 0 KDHS 1988-1992 • KDHS 1993-1998 0 KDHS 1999-2003 J 

Source: Primary Analysis ofKDHS 1993-2003 data 

In general, 84.2 percent of the respondents reported their year of births correct! y in 1993 

and the rates for 1998 and 2003 were 82.1 and 84.3 percent respectively. Like in the 

previous conclusion, though the overall age reporting is of high quality, th re appear to 

have been a light drop in the accuracy of age reporting in 1998 as compared to the th r 

round of urvey included in thi tudy . 
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lead to an underestimate of the probability of dying in the first year of life (months 0-11) 

and lead to an overestimate of the pr b bility f dying at ages 1-4 years (months 12-59). 

One way of assessing th I h pin l nt 12 months is to divide the reported number 

of deaths in m nth 1 b f the numbers in months 10, 11, 13, and 14. 

ti i more than 1, then there is evidence of heaping (Pullum, 

200 ). Th fi lW" ho\1 the distribution of child deaths (0-59 months) in the 

merged KDH dataset (1993-2003). 

Figure 3.6: Distribution of child deaths (0-59 months), merged KDHS 1993-2003 
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Figure 3.6 above also shows some heaping at months 18, 24 and 36. While there are no 

established methodological devel pm nt t hnndlc this form of heaping in demography 

(Pullum 2006), it is cvid nt th t ·u h hcn1 inl would lead to understating infant mortality 

and hence cannot b • \ '()f\St: ]lll. n · of its upsurge. Further, owing to the fact that birth 

tran ·fcrcnc · of childr ·n d ·ing at 1 , 24 and 36 months fall within the estimation period 

of child mortulit ( 1 - Q months), its effect if any, on child mortality estimation would be 

minimal. 

3.9 Quality of parity data 

Conventionaiiy, it is expected that there should be a positive association between parity 

and age of the mother. The figure below shows the distribution of parity by five year age 

group of the mother for the three rounds ofKDHS used in this study. 

As shown in Figure 3.7, parity tends to increase with age in all the three rounds of 

KDHS. The slight distortions of parity in the mid 30s may imply error in rep rting 

children ever born or even the age of the mother resulting from memory lap c which tend 

to increase \ i th age. 
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Figure 3.7: Parity of Women by age group 
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3.10 Reporting of children dead 

Another key issue in data evaluation in this study related to the quality of reported deaths. 

Indirectly, differential reporting of omitted deaths can be detected by examining the ratio 

of early neonatal deaths (those in the first week of life) to all neonatal deaths (those in the 

first four weeks of life). It is expected that about 70 percent of neonatal death occur in 

the first six days of life (Sullivan, et al., 1990; Obungu et al., 1994; Becker and Suliman, 

2005). In this study, the ratio of early neonatal deaths to all ne natal d ath 5 in all the 

three urvey u ed was 72 per cent for KDH 1993, 77 p rcent fi r KDH 1 and 7 

percent for KDH 2003- an indication of high data quality r Ia k f diffi rcntial 

rc rting f death . 
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On the other hand, it is conventionally exp cted that the proportion of dead children 

increase with the age of the woman. pl t f the proportion of children dead by age of 

the woman is shown in th ' h h I< w. h KDIIS 1993 dataset shows a monotonic 

increase in th proport j m lf hildr n dead by five year age group of the mother after age 

20. ' l he height ·n ·d ri ·k f hild death among mothers aged 15-19 is expected since these 

arc high risk birth ·. e, pected, there appears to be a similar pattern after age 40 for all 

the three round of KDHS used in this study. 

Figure 3.8: Proportions of Children Dead according to Mother's Age Group: 

KDHS 1993-2003 
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women aged 15-19 years tend to o er tate 0 children ever born while those who are 

elderly tend to selectively forget hildr n ~ ho died in the distant past (Ngalinda, 1998). 

3.11 Age Ratio. a· a mt'1111~ f dl'trcting age misrcporting 

The c mput 1tion )f ' ruti · fi r 5 year age groups can be used as indices for detecting 

p 1 ng as fertility has not fluctuated much and the population 

has not been ignificantly exposed to international migration (UN, 1952). In Kenya, 

fertility appears to ha e sta1led since 1993-2003 (CBS, 2004) and the population is 

assumed to be closed to international migration hence it is appropriate to compute age 

ratios. Under a situation of almost constant fertility and little international migration, age 

ratios are expected to be similar throughout the age distribution, and all are supposed to 

approximate the value of 100 or at least decline with increasing age (Pullum, 2006). 

Normally, age ratios are computed by dividing the population of a specific 5-year age 

group by the average population of the two adjacent 5-year age group , times 100 (United 

Nations 1952l In terms of interpretation, if the fluctuation in the age ratio are very 

large and their deviation from I 00 i much, then ther are greater chance f err r in the 

data. The figure below how the calculated age rati fi r all the thr r und fKDH . 
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Figure 3.9: Age ratios for women 20-49 years, KDHS 1993-2003 
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From the above figure, the calculated age ratios appear to be close and similar and 

further, they do not deviate much from the expected value of 100. However, beyond 35, 

the ratios become quite unstable- a cautionary note on inclusion of older cohorts (i.e. 

those above ages 35) in the computation of infant and child mortality. 

3.12 Preparation of the data for analysis 

A number of considerations ought to be made prior to a merged analy i of KDH 

datasets. Fir tly is the is ue of reference period for infant and child m rtality e timati n. 

ec ndly, fj r c n i tent e timation there i n ed fj r mputati n f th h u ·ch ld 

we lth index fj r KDH 1993 ,. hich ,. a n t c mput d. Th first i ·u i 

c nd i. uc \ hi h d al \ ith th mputati n 
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3.13 Reference period for early childhood estimation 

While the KDHS 1993 and 200 11 t d information 5 years prior to the survey, the 

1998 KDHS collect d infi rm ti n n matl:mal birth history for only three years before 

the surv y. Thi ch tn r in tht• r period for births that took place during the 1998 

K l I is inconsi:t ·nt with th thcr two rounds of KDHS. This problem can be further 

c ncerbut d if th ag mi tatement is pronounced and where dating of events is not 

accurate. An anal i of mortality derived from such reference periods have been shown 

to yield biased results (Rutstein and Rojas, 2003). 

Three time five-year periods were created on the basis of the child year of birth in order 

to resolve this problem. These time periods are 1988-92, 1993-98 and 1999-2003. 

3.14 Methods of Data Analysis 

In order to estimate early childhood mortality, the synthetic cohort life table approach i 

used. Stata version 11 (Stata Corp, 2010) was used in the analysis of factors as ociated 

with the changing infant and child mortality. In particular, the Wcibull model that take 

the accelerated failure time framework (AFT) were u ed to examine fact r 1at d 

with the ri e in early childho d mortality. Th e appr ache ar di cu d in d t it in th 

next 
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(ix). Direct estimation of early childhood mortality, especially in generalized HIV 

prevalence countries has be n h ' '11 t b th mo t appropriate as none of the mortality 

estimates from indirect m th ds t:mul fl: any of the model life tables (Mahy, 2003; Wald 

and Zaba 2001). lltti Httll . • th<.: a· ·umption about the independence of the mother from 

her biolo •ic tl child i · 'I' ·atl \ i latcd when indirect as opposed to when direct methods 

are u ·ed ( Muhy. _ 

Thi' method entail the following steps: -

1. Cro tabulate all live births born within five years prior to each of the three surveys 

by age in months. In DHS, the century month code (CMC) can be used to convert the 

child's age in years to the number of months lived by the time of interview for living 

children. 

2. Construct a life table. To do this, it is prudent to get the total live births disregarding 

all those cases that have no information. These total live births will form the number 

at start (i.e. the radix). The next columns of the table will be the number alive at 

interview tabulated by months since births (i.e. from 0-59 month ). 

3. Insert a column showing the number of children who died during any age interval 

(mea ured in month from 0-59 month ). The DH dataset have data n children • 

age at death in month and where data are mi ing n eith r ag at death r irth, 

imputed c are u d. 

4. omput th numb r of hildr n . p d t th n d in . n nti n II , it i 

umed that th n , c intc.:rv I d h ltw i.e. di h I \\ 1 • 

1. 
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5. With these data, one is able to compute the probability of dying (nqo) by simply 

dividing children who died within h age interval by the population of live births 

who were directly c p J t th ri:k or dying. 

While the synth ·ti · li ta I· approach was used to compute the rates of the various 

component· f earl childhood mortality using the birth history data, one of the major 

gap in thi method is that it does not allow for the simultaneous analysis of potential 

determinants of early childhood mortality. Consequently, this study used two main 

additional sets of multivariate techniques of analysis: First, the Weibull parametric 

survival regression models that take the accelerated failure time framework and second, 

the use of the regression decomposition techniques. 

Though the Weibull AFT models are important, they fail to account for changing values 

in the selected covariates over time and space. When variables change over time such a 

one would expect for variables such as source of drinking water, type of toilet facility or 

place of delivery among others, an important assumption of survival m del i violated­

that the event (in this case infant or child mortality) occurred at the time th el ted 

factor were operating. In addre ing thi , the ec nd appr a h - the r gr 1 n 

d mp iti n te hnique were u d to examin the fa t hind th upturn in arl 

childh d m rt Jity during th tudy p ri d. 
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In the next section, a rationale for the ex ten ion of the Cox regression model is provided. 

A further discussion of the \ ibull r gr ion model as well as the regression 

decomposition technique app ars in h 1pt r' •ivc and Six, respectively. 

3.14.2 The 'o R · •n·ssi n Ha,ard Model 

The o Prop rti nal Hazard Model is a commonly used multivariate approach for 

examining time t e ent data. Survival methods are superior as compared to standard 

regre ion technique since they can account for censored cases in mortality analysis. 

Mathematically, let us assume that x=(x1, x2, x3+ ... xn) comprises the vector of predictor 

variables that we are interested in. The set of values of these predictor variables can be 

represented by x such that x=(x1, x2, x3+ ... xn). Further if we can define ho (t) as the hazard 

function in which all the values of the predictor variables that make up the vector x are 

zero, then ho (t) is the baseline hazard function. Thus the hazard function for an 

individual child i aged between 0-59 months can mathematically be shown as:-

hi (t) = ho (t)'I'(x1) ................................. equation [1] 

Where 'I'(x 1), is a function of the values of the vector of predictor variable for the i1h 

infant or child. 

Since the ba eline hazard is arbitrary, un pecified, and n nnegative apart fr m mg a 

function of time (Bradburn et a/. 2003 ), it i c nv nient t writ it p lli) " her T] , i , 

the lin ar mp n nt fthe m del and i repr nted a :-

T],= fit X! + l3z. 2 l3J. CJ+. .. fin- n .......................... qu ti n [2) 

Whcr , th flicient 31 ..... On r pr nt unkn \ n p met b tim k 1 

n 
ullin, m 
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deviation in the variable x1. Consequently then, the hazard function for an infant or child i 

aged between 0-59 months at tim t n b wtitt n as: -

hi(t) - ho(t) ·p B, .· , 113, '2 -l f33x-t ... +13nxn) ... Equation[3] 

Or:-

ln the nb v ts the baseline hazard function and Xi is a vector of 

covariate . On the other hand, hi (t) is the hazard function which is the probability that an 

infant or child v ill die at time (t). 

Equation 4 above shows that in these models, the central statistical output is the hazard 

ratio i.e. {hi (t)fho (t)}. A hazard ratio of 1.0 means the covariate has no effect on the 

occurrence or non-occurrence of infant and/or child mortality. However, if it is less than 

1.0, it implies that the covariate acts to reduce the likelihood of infant and/or child 

mortality controlling for the effect of other covariates and finally, if it is more than 1.0, it 

will imply that the covariate increases infant and child mortality controlling for other 

covariates. 

Although Cox regre ion i the mo t widely u ed multivariate appr h t; r an Iyzing 

time t event data, it i of param unt imp rt nc that pri r t it ppli ati n, th 

pr porti n lity 

2 

mu h 

pr porti n lit · 

t r lucti n in tlt 

r poru th t 
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negatives, rejecting the existence of true ovariate effects) may be witnessed when rates 

cross rather than when they ar pr p rti not . 

The proportion 1Jity a· ·urupt1 n I' : ribc that the duration of exposure to death of an 

infant or child i ·ld · th · am ffect on each infant or child. Therefore, the probability of 

each inflmt or ·hild . p riencing death since birth varies over time in the same way. The 

model holds that it i only the baseline hazard rate that varies from one live birth to 

another, depending on the attributes of each live birth. 

The next section tests the proportionality assumption. To do this, one can run the log-log 

plots for the potential covariates. Normally, the log-log plots for categorical variables 

should be proportional if the proportionality assumption holds. This is an approach that 

was used by K'Oyugi (1992) in his study of the environmental factors that determined 

infant and child mortality in rural Kenya. Unfortunately, this approach is cumber orne 

and in this study, it would have meant that I construct almost 30 log-log plots. 

Another highly recommended approach i to run a link te t I eve et a/., 2 1 0). Thi 

te t verifi that the c efficient on the quared linear predict r i in ignificant. ne an 

al inter t th analy i tim ' ith th ari t and th 

int rn ted '" ri ar n t diffi r nt fr m z r m th pr 

po tul tc th t the d n t 

th num r m n ' unl n 



72 

adjustment (the Bonferroni adjustment). In any case, this approach is complicated by the 

fact that not all covariates may n d t b interacted with the same function of time yet 

there still remains no 1 ar guitl lin .' u1 h O'ing time functions (Cleves eta/., 2010). 

Owin r to the tb ve ·h rt ming ', this study used a test based on the Schoenfeld 

rc idunls. Th I i ehind this approach is to retrieve the residuals, fit a smooth function 

of time to them and then test whether there is a relationship with dependent variable(s). 

The scaled Schoenfeld residuals are recommended for assessing proportionality 

assumption since they provide usable information about the time dependence of the 

covariate effects. 

The results of the Schoenfeld test (Table 3.1) showed that the duration of breastfeeding 

flouted the proportionality assumption (p-value<0.05) hence the hazard ratios that 

increase over time for breastfeeding and its relative risk are bound to be overestimated on 

the one hand and its hazard ratios that decrease over time, the relative ri k for uch 

covariates are underestimated. In either case, the standard error are incorrect and 

significance te ts are decreased in power (Box -Steffen meier and Z m 2001 :972). 

The table h \\' that on the o erall, the m d I fi r infant nd child m rt Iity m n t t 

fl ut th pr p rti nality a umption a gl a! t t v lu 

Bow v r individual gl pp ndi. III tim 

th p rti n lit 

mmand \Ill/ p/11 1 h \ · t11 t th du ti n 

urn ti n. 

p 

in, n ut 
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Table 3.1: The Schoenfeld residuals for selected co variates of infant and child 

mortality: merged KDHS 1993-2003 

Infant mortality Child Mortality 

rho hi2 df Prob>chi rho chi2 df Prob>chi2 

Maternal age at birth 

Preceding Birth lnt ·rv II 
Baby size at Birth 

Brea tfccdin • p ·riod 

Maternal '"'ducuti n 
Paternal ducuti n 
Marital tutu 
Water Source 

Toilet Facility type 
Household wealth Index 

Place of delivery 

Tetanus injection 
Time period 
GlobaJ test 

2 
I 0.4689 

.11.- .71 I 0.4010 

• 0 0.24 I 0.6216 
_ I .04 1 0.0247* 

-0.057 0.19 I 0.6592 

-0.004 0.00 1 0.9797 

0.048 0.15 1 0. 7027 

-0.080 0.42 1 0.5193 

-0.216 2.41 1 0.1206 

0.049 0.13 1 0.7175 
0.041 0.11 1 0.7449 

-0.129 1.06 1 0.3034 

0.038 0.07 1 0.7936 

i' = 12.26 ; df = 15 ; P-value 

=0.6593 

-0.216 0.86 1 0.3531 

-0.304 2.33 1 0.1271 
0.149 0.53 1 0.4683 

0.074 0.11 1 0.7346 
-0.258 1. 77 1 0.1832 

-0.237 1.37 1 0.2420 

0.172 0.73 1 0.3942 

0.118 0.39 1 0.5316 

0.192 0.95 1 0.3309 
0.163 0.68 1 0.4079 
-0.096 0.19 1 0.6656 

0.593 0.00 1 1.0000 

0.?73 0.12 1 0.7251 

X = 19.37 ; df = 15 ; P-value­
=0.1514 

Source: Primary analysis of merged KDHS data 

Apart from the proportionality assumption, the Cox PH model is also deficient in a study 

of this nature since it does not specify the baseline hazard yet mortality is known to 

follow a known and specific distribution. Consequently, parametric models (in particular, 

the Weibull models) are used to analyze the factor as ociated with the ri e in early 

childhood mortality in Kenya during the tudy period. 

In hapter Fi e. the tudy pre ent a d tailed di cu 1 n n th rati nal fi r th f 

W ibull m d 1 that take up th ac el rated failur tim n. 

the tud ddin h ' the 
me ur nd th ir . p ted 

r I ti n hip •ith the , rl childho d mort, lit m ncnt · 
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3.15 Variable definition and measurement 

Using the empirical operational mod I that wn modified from the Mosley and Chen 

(1984) as shown in hapt r n , th ' n ' t ·cction discusses how the selected variables 

were measured in this : tu ! •. I h ·hoi c of variables was guided by the past literature 
' 

availability of d ttu und th ·tati tical power anticipated. 

Infant and child mortality 

The dependent ariables in this study were infant and child mortality. Since early 

childhood mortality varies with age, this variable was broken down into 0-11 months 

(infant mortality) and 12-59 months (child mortality). Infant mortality was measured as 

the number of deaths occurring before the first 12 months (i.e. 0-11 months) divided by 

all the live births 0-11 months multiplied by I 000 live births. 

On the other hand, child mortality was measured as the number of deaths occurring 

between 12 -59 months divided by all children surviving between 12-59 months 

multiplied by 1000 children. It is expected that infant and child mortality has been 

increasing over the period under study. 

Maternal age 

This is the exact age of the mother at the birth of the index child. Thi ariabl , a 

categ rized as foil , : I= <20 years; 2= 2 -34 years; 3= 35-49 years. It i h 'P the izcd 

th t the ri k f death of a child vari with tht; gc f th m thcr with '< un • (<2 ar~ 

n I old y r ) ci h.: J with h ightcncd ri k ot r1 

m n lit . In thi th t th p ni n ild n m h\ 
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mothers in the high risk ages (i.e. below 20 years or above 35 years) increased during the 

study period. 

Birth Interval 

This variable refers t() th I ·n th in month ' of the preceding birth before the index child. 

The categoric· us ·d wcr • I le s than 24 months; 2= 25-36 months; 3= 37 months or 

more. Nonnully. it i e. pected that shorter birth intervals are associated with a heightened 

risk of early childhood mortality. 

Duration of breastfeeding 

This was calculated in months based on whether the respondent was still breastfeeding 

the child or the child was breastfed until it died. The maximum period allowed during 

was the interval between the date of birth of the child and the date of interview. 

Categories used in this study were: 1 = less than 1 0 months; 2= 11-19 months and 3 = 20 

months or more. Conventionally, shorter periods of breast feeding are associated with 

increased chances of child death and vice versa. 

Baby size 

The variable refers to the physical size of the baby at birth. The categorization u ed was 

0= small and 1 = average/large. It i hypo the i ed that childhood mortality i a functi n of 

the ize of the baby at birth with smaller that average baby ize a 

heightened ri k of experien ing death. While birth weight c uld have b en a b tt r 

mea urc than th ize f th baby at birth, ur prdiminary n ly i r c led th t ut 

percent f babie in the KDH d t et u d in thi v lu of th 

u I bab weight t birth. I hi i du 

tl1 nn I h lth fi iliti h n u11 m nt th ir 1t t 
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birth was taken. Size of baby at birth is u ed as a proxy measure since recent studies 

based on DHS data have shown an croll agreement between recorded and recalled 

weight and subjective a c m nt t birth 'izc (Mbuagbaw, 2010). 

Educational level 

Thi, refers to th ·du ati nal le el attained by the mother or father. This study used two 

variable': maternal education and paternal education. Categories used in both of these 

variables are 0 = none, 1 = primary and 2= secondary and above. It is expected that 

children whose father or mother had no education were likely to experience higher risks 

of experiencing child mortality as compared to children whose father or mother had at 

least secondary schooling. 

Household wealth Index 

The household wealth index was computed usmg the principal component analysis 

(PCA) approach. The range of asset variables included in the construction of the index 

was broad enough to circumvent the problem of clumping8 and truneation9. 

Consequently, the study grouped households' socio-economic status into tertile rather 

than the commonly used quartiles or quintiles which would otherwi c have intr duced the 

problem of truncation. This index was intended to capture the hou ehold re urc 

available for childcare. The categoric u ed were 1 = Lm er; 2 \lliddl and 3= pp r. It 

exp ctcd that hou ehold in the I wer t rtile will have high r ri k child m rtnlit 

sing th ir childr n than the r t. 

m II num 



77 

Type of Toilet facility 

This refers to how the hou ehold di p . human excreta. The options used were flush 

toilet (own/shared), traditi n I pit I trin VIP latrine and other (no facility, bush, etc). It 

is expected that h >us ·holt" with ut an form of facility for human waste disposal were 

more likely to c, p ·ri ·nc • hild mortality due to poor sanitation as compared to the rest. 

Source of water 

This is defined as the ource of water for drinking in the household. The categories used 

are 1 =piped water 2= well, and 3= lake, pond and stream. 

Tetanus toxoid 

This variable measures whether the mother received a tetanus toxoid injection during 

pregnancy or not. It is measured as 1 =Yes and 2=No. Studies have shown that receiving a 

tetanus jab is associated with a reduced risk of experiencing childhood mortality from 

lockjaw disease especially during the first two weeks oflife. 

Place of delivery 

This refers to the place where the child was born. The categories used here are I - born at 

home; 2=being born in a government health facility and 3=being born in a private health 

facility. It is hypothesized that being born out ide a health facility i as ciated with a 

heightened ri k of experiencing child death. 

3.16 oncJuding remark 

I hi h ptcr di us cd the d ta urcc . d ta qu lit ' I . I h 

th th t i the d 1ta ' 

in nt nd hild m rt lit , th th ' ull rtl ' 

ur in in ant nd hild m rt lit in J 
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childhood mortality. The results obtained how that the data quality remained the same or 

improved over the study period. \Vh r th r was evidence of heaping such as at month 

12 (where the heaping rati I th~ dir fi n of the effect understated infant mortality and 

hence could not b · t • >n · lU ·n f the ob crved upsurge in infant mortality. 

A further di 'CUS ion \ ith taff from the Kenya National Bureau of statistics (KNBS) and 

National Coordinating agency for population and Development (NCAPD) in charge of 

organising these surveys did not show any compromise in the data quality procedures. 

Similar past studies in Kenya did not also find poor data quality as the main reason 

behind the upturn in early childhood mortality (Hill et al., 2004). 

The Chapter also discussed how the variables were measured. The synthetic life table 

approach and the Cox PH models were discussed. The duration of breastfeeding did not 

meet the proportional hazards assumption (p<0.05) and hence the Weibull AFT model 

were recommended for studying covariates behind the ri e in mortality during the 19 _ 

2003 period. A further di cussion of the application of the Weibull AFT m d 1 

provided in Chapter Five while regre ion decomp iti n t hnique ' arc di u , d 

hapters ix and even. 
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CHAPTER 4: A BIVARIATE ANALYSIS OF THE UPSURGE IN INFANT AND CHILD MORTALITY 
4.1 Introduction 

This chapter pr nt ' nd di cu ses the main characteristics of the study population as 

to uchi thi the tudy used cross tabulations with a total of 14,317 live births. 
Bivariate analy e based on the Weibull models in the accelerated failure time framework 
were performed in order to ascertain whether the association between the various levels 
of infant and child mortality are significantly associated with selected covariates. 

4.2 Levels and trends of infant and child mortality 

In Figure 4.1 below, infant mortality rose from 61 deaths per 1000 live births during the 
1988-92 time period to 70 deaths per 1000 live births during the 1993-98 time period and 
to almost 80 deaths per 1000 live births during the 1999-2003 time period. This 
represents an upsurge of 30 percent in infant mortality for the 1988-2003 time periods. 
The results compare well with the 32 percent increase in infant mortality reported in the 
main KDHS country report (CBS, et al., 2004). In general, the upturn in infant mortality 
during the 1993-98 (14.3 percent) was slightly greater than that observed during the 
19 8-1992 (13.5 percent). 

h ~ n in Figure 4.1, child m rtality r e fr m 42.6 death per 1 li e birth in th 
19 -92 t 46 d ath per 1 li birth in th 1 -2 tim p n d . hi r pr nt 

n f p r nt cr th p ri d. Th und r-fi m rt lity r fr m 1 1 d ·1th ~ r 
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1000 live births during the 1988-92 time period to 122 deaths per 1000 live births in 

1998-2003 time period. 

Figure 4.1: Trend in .nrl .hildhood Mortality in Kenya, Merged KDHS 1993-
2003 
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Source: Primary Analysis of Merged KDHS 1993-2003 
This represents a significant increase of 21 percent. These results confirm the rise in early 

childhood mortality during the 1988-2003 period reported in the KDHS Country report 

(CBS eta!, 2004). 

4.3 Distribution of selected characteristics 

Table 4.1 below shows that in general, the percentage of mothers in the high risk 

reproductive age bands (<20 years and above 35 years) remained largely con tant during 

the study period. For instance, in all the three time period included in thi tudy, m re 

than a quarter of all births occurred among mother in the high ri k birth . n th 

contrary, th re was an apparent ri in th numb r f childr n wh br a t cd [i r r 

h rt durati n (<10 m nth . he pt:r entag in rea in childr n bn: tfceding f1 r 

h rt r durati n r - 1 

bout 2 nd t< l 2 0 period. nth nt \r • ' hik 
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prolonged breastfeeding is usually associated with increased benefits of child survival 

(Lindstrom and Berhanu 19 , re ult from Table 4.1 show a 23 percent reduction in 

children who brca ttl d fi r m r" than 20 months during the 1988-92 and 1998-2003 

period. 

The re 'ult h \ minimal changes in the number of small babies at birth over the study 

period as \ ell as those born with average or larger than average size. For every small 

child born, there were at least 5 children born with an average or large body size. In a 

country like Kenya where most births occur outside health facilities and birth weight is 

hardly tak:en10
, small baby size at birth could be a proxy measure of low birth weight 

(Mbuagbaw, Gofin 2010). 

The number of births with preceding birth intervals greater than 36 months decreased 

over the period. During the 1988-92 and 1993-98, this decrease was almost as much (19.1 

Percent) as that observed during the 1993-98 and 1999-2003 period (19.4 per cent). 

The figures indicate that maternal education fluctuated less during the three period . 

While there were as many mothers with no education as there were with econdary and 

above during 1993-98, re ults appear to indicate that during the 1999-2003 peri d, f1 r 

every child belonging to a w man with no education that w includ d in the urvey, 

th r w r two children f moth \ ith e nd ry h ling and ab . Thr ugh ut th 
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study period, for every child with no formal schooling whose household was randomly 

sampled, at least four childr n \l ith primary schooling had their households randomly 

sampled. 

ummary characteristics of the study population 

Maternal a., at child birth 
20 yeur· 

20- 4 
5+ 

Duration of Breastfeeding 
< 10 months 
11-19 months 
>20 months 

Size of Baby at Birth 
Small 

Average/Large 
Preceding Birth Interval 
<24 months 
25-36 
37+ 

Maternal Education 
None 
Primary 
Secondary+ 
Paternal Education 
None 
Primary 
Secondary+ 

llou ehold wealth 
Lower 
Middle 
Upper 

ource of drinking water 
Pip d 

Lak , p nd. river, tr am, rain 
\ ell 

·p f il t fa ili 
Flu h t il t \ n h red 

diti n I pit I trin 
IP lttrin 

Time period Time period Time period 
1988-92 1993-97 1998-03 

14.3 
72.4 
13.3 

23.0 
42.3 
34.6 

16.0 
84.0 

27.1 
34.8 
38.1 

14.4 
62.3 
23.3 

10.2 
52.7 
37.1 

34.2 
32.5 
33.3 

.7 
44. 
17.2 

15.0 
70.5 
14.5 

26.6 
39.9 
33.5 

14.5 
85.5 

30.9 
38.3 
30.8 

16.6 
66.6 
16.8 

11.0 
58.1 
30.9 

33.9 
32.8 
33.3 

7 .. 2 
.2 

14.1 
72.9 
13.0 

34.2 
39.3 
26.5 

15.3 
84.7 

27.5 
35.7 
36.8 

13.8 
60.6 
25.5 

8.0 
49.8 
42.2 

33.4 
34.3 

2.3 

2.7 
4 .2 
27.2 
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Other (no facility, bush, etc) 16.7 18.5 16.6 
Place of delivery 
Home 53.9 57.9 57.0 
Government Health fa ilit ' 32.8 29.2 31.4 
Private Health Facilit 13.3 11.1 11.6 
Tetanus Injccti n b f rc birth 
No 12.4 8.8 8.6 Yc · 87.6 91.2 91.4 
Totnl number of ca 5551 * 3915* 4851 * -
our :Primary analysis of merged KDHS 1993, 1998 & 2003. *Some variables do not 

add up to tlz e figures because of missing cases 

During the 1988-92 period, for every three randomly sampled mothers with primary 

schooling, only one proceeded to secondary schooling. The ratio for 1993-98 and 1999-

2003 periods was one in four and one in two respectively. However, children of fathers 

With no education were at least five times less likely to have their households sampled as 

COmpared to those with primary schooling. Children whose fathers had only primary 

education reduced from 10.2 percent to 8.0 percent. However, those whose fathers had 

0nly primary schooling reduced by 5.8 percent during the study period. The increase in 

children whose fathers had at least secondary schooling was 13.7 and 36.6 percent during 

the 1988-92/ 1998-2003 and 1993-97/1998-03 period respectively. 

The proportion of children belonging to lower, middle and upper clas hou ehold 

remained generally unchanged over the study period and aero the categ rie . Alm t a 

third of all the children belonged to either of the three categ rie 

ind x thr ugh ut the p ri d. 

n table findin • \ th t the numb r c.; in' pip w t r r drinkin • de lin t lutin, 

tu p · d n 7 p ntdurinflth J< ror . .7 pr lldurin•th Jl 
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03. This was a 15.5 percent reduction in households with piped water during the study 

period. On the other hand, ab ut n ixth of the households did not have any form of 

toilet facility. 

Further, Tu I • .1 ·h that throughout the period under study, mothers who delivered 

nt h m a c unted for over a half of all deliveries. The number giving births at home 

peaked during the 1993-97 period and appears to have stalled throughout the 1999-2003 

period. The percentage delivering in private health facilities remained the least 

throughout the period. 

Past evidence shows that the tetanus causing organism- Clostridium tetani accounts for a 

large number of infant deaths by the end of the first two weeks of a baby's life (Boenna 

and Stroh 1993). Results revealed that mothers who had received tetanus toxoid prior to 

giving birth increased by 3.8 percentage points during the 1988-92 and 1999-2003 

Periods as shown in Table 4.1 above. Generally, for every 7 mothers who received a 

tetanus toxoid, one mother did not receive the injection. In the next section, the study 

Presents the changes in infant and child mortality rates by elected characteri tic . 

4.4 hange in Infant and Child Mortality Rate according to elected factor 

l'able 4.2 bel w how that infant m rta1ity incre ed y maternal a at child birth 

during th 1 - 2 thr ugh the 1 p ri d. In parti ulnr, hildr n 1 ngin t 

rn th in th 2 - 4 th P rc nt in infant 

rn n lit r tc.: durin, th - 2 nd l 9-2 
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Was considered, children belonging to mothers with at least 35 years and above exhibited 

the highest increase in mortality during the study period (71 percent). 

Further, the in r' : in th p r 'ntagc of infant mortality among babies born with small 

body size, w 1" Utr, time le as compared to the upsurge in infant deaths experienced 

umong bnbi \ ith a erage or large body sizes. However, during childhood, babies born 

With mall body sizes recorded a huge upsurge in mortality (272 percent) during the 

1988/92 and 1999/2003 period. Among those with average or large body sizes, there was 

a slight decline (7 percent) in child mortality during the study period. 

Generally, shorter birth intervals are associated with a heightened risk of early childhood 

tnortality (Hobcraft 1985, Chidambaram 1985). Results confirmed that infants with a 

Preceding birth interval of <24 months experienced an upsurge in mortality of 71 percent 

during the 1989-2003 period. Interestingly, longer birth intervals (37 months +) were 

associated with a higher upsurge in mortality as compared to preceding birth intervals of 

25-36 months. For instance, for every 2 children who died before attaining the fifth 

birthday but whose preceding birth interval was at least 3 7 month during the 1993-9 

and 1999-03, one child with a preceding birth interval of between 25-36 month died. 

The durati n of breastfeeding e pecially during the fir t i m nth fan infant ha n 

ft Und t impr c infant urvi al due t the nutriti nal aluc f m th r' milk th 

irnrnuniti mmunicablc di c th t it pr vid nd h •i ni 

Lind t m nd erhnnu 1 . I hi 4.2 b I w hl' th t int nt m lrt lit r b 1 
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percent among infants who brea tfed for less than 10 months during the study period 

While the upsurge in mortalit ' a 1 4 percent among children (12-59 months). 

Generally, children wh r""" st r d (j r I 0 months experienced the highest mortality 

during the ·tudy p •ri tl. A: , p ted, results revealed that throughout the study period, 

children wh r ·a ·tt'cd fl r the longest period (>20 months) exhibited the highest decline 

10 curly child m rtality. 

Re ults from Table 4.2 show that all dummies for children belonging to mothers with 

Various levels of education recorded an upsurge in infant mortality with children 

belonging to mothers having no formal schooling experiencing the highest upsurge 

during the 1988-92 and 1999-2003 time periods (61 percent). However, when the risk of 

dying was assessed in childhood, children belonging to mothers with no education 

experienced a 22 percent reduced risk of dying during the study period while those who 

had some primary schooling experienced the highest increase in child mortality during 

the study period (16 percent). 

The Upsurge in infant mortality rate as assessed by paternal education bowed intere ting 

re ·uit . Unlike children belonging to mothers with no formal chooling who exhibited the 

highe ·t up urge in infant mortality during the tudy peri d, children belonging t father 

With me primary education exhibited the high t up urge in infant m rtality rat {39 

Percent , hilc tho b 1 nging t fath with n ducati n r ndary ling 

lm ·t a imilar p rc nta ' in m rt lit ' up ur ' durin ' th tud p ri i. 

P t n al cduc ti n vi - l·\ i 

hil r n hit it ~ th hi •h t u ur • in m rt lit 
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rates (54 percent) during the study period. On the contrary, children belonging to fathers 

With at ieast secondary ch ling r rded a decline in child mortality (17 percent) 

during the study p riod. hi uld be due to educational homogamy where educated 

fathers ar mor lik 1 t marr educated women both of which experience lower rates of 

infant und ·hild m rtalit compared to their counterparts. 

and trends of infant and child mortali b selected characteristics 
Changes in IMR, 1988-03 Changes in CMR, 1988-

03 
--------------------------~~~~~--~~~~~-----------88-92 93-98 99-03 % A 88-92 93-98 99-03 % A 

Mother's Age 
<:: 20years 
20-34 
35+ 

Baby size at birth 
Small 

Av./ Large 

Birth Interval 
<24 months 
25-36 
37+ 

Breastfeeding Period 
<10 months 
10-19 months 
::::.20 months 

Maternal education 
one 

Primary 
ec+ 

Paternal ducation 

llou h ld '" lth 

88-03 88-03 

74.9 93.5 87.2 16.4 48.6 83.6 

33.7 

55.4 

51.4 58.2 73.6 43.2 34.8 

77.6 82.8 90.6 16.8 66 

86.2 
53.7 

76.7 

51.5 
47.1 

107.5 97.2 12.8 

58 73.6 37.1 

82.9 130.8 70.5 

78.2 72.5 40.8 

50.5 67 42.3 

18.6 56.5 
44.1 40.9 

43.0 38.6 
45.2 22.5 

47.6 45.9 

57.6 18.5 
35.5 2.0 

112.7 70.8 

69.2 
41 

41.8 
35.7 
72 

272.0 
-7.0 

-2.8 

-21.0 

51.3 

108.8 227.4 264.3 142.9 15.8 96.2 44.9 184.2 
2.1 

-6.5 

1.6 0.7 7.9 393.8 47.7 60 48.7 

92.9 6.5 1.5 -98.4 41.8 11.2 39.1 

59 84.9 95.2 61.4 43.7 30.5 34.3 -21.5 

69.5 77.4 85.4 22.9 5 .1 50.3 5 .2 16.2 

40.1 41.6 54 34.7 20.9 32.9 21.4 2.4 

1.5 91.5 104.9 44. 

63.4 3.5 7. .5 52.7 

47.1 4- L.. 2. 2 .7 

7-. 22. 

7 .2 . I 

.2 

1 . 
22.2 -1 . 

SA 

-1 .0 
7. 7 l. .7 1.7 - ... 
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Place of delivery 
Home . 68.8 78.8 83.4 21.2 56.8 56.3 53.6 -5.6 
Gov't Health facility 53.1 5 .2 84 58.2 25.8 27.8 27.2 5.4 
Private Health Facility .7 2 .l 54.7 62.3 17.1 20.9 54.9 221.1 
Tetanus To oid 
No 1 .1 1.1 63.9 -39.2 35.7 29.5 50 40.1 

4.4 63.8 53.6 -1.5 41.3 41.3 50.2 21.5 

add up to th 

We computed the household wealth index using the principal component analysis (PCA) 

approach in order to determine the changes in the household wellbeing and early 

childhood mortality components. The results obtained indicate a decline in infant 

mortality among mothers belonging to the upper socio-economic class (22 percent) while 

those in the middle and lower tertiles experienced an upsurge in infant mortality during 

the 1988/92 and 1993/98 period. The decline in mortality among the upper class 

households persisted throughout early childhood beyond infant mortality. 

On the other hand, the upsurge in early childhood mortality persisted beyond infancy 

among the lower households with children from such households exhibiting 85 percent 

increased chances of dying between 1988 and 2003 study period. It seems that generally, 

rich parents have resources to provide better healthcare for their children hence their 

lower infant and child mortality a compared to the re t. Children belong to uch wealthy 

hou ehold al 0 experienced the greate t decline in infant and child m rtality during the 

tudy p ri d. 

I inally I bl 4.2 h w th t gi ing h m d liv~.: · ,..,, , 

in tnt mort lity durin r th tudy p ri d. urin' th tud ' p ' t d inf nt m rt lit 
1 

tc 
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among mothers who delivered at home rose by 21 percent. While being born in a 

government or a private health fa ility wa associated with a lower risk of dying as 

compared to being b m t h me generally deliveries at a health facility (both 

government r pri tc r rd d the highest upsurge in infant mortality rate (58 percent 

and 62 p ·r, ·nt r • ·p • ti ly) during the study period. 

Tetanu injection before birth is important in reducing tetanus related mortality during the 

neonatal period. Generally, infant mortality rate decreased among mothers irrespective of 

whether they had received tetanus injection or not. As shown in Table 4.2 above, among 

children born of mothers who had not received the tetanus injection, infant mortality 

decreased by 39 per cent from 105 deaths to 64 deaths/1000 live births. The results also 

show a minor decrease in mortality among children whose mothers had received tetanus 

injection prior to the time they were born (1.5 percent decrease). 

Finally, an upsurge in child mortality among mothers who had not received a tetanus jab 

Was 40 percent while the upsurge among mothers who has received a tetanus jab was 22 

Percent during the 1988-2003 period. While the above analysis is insightful in bringing 

out the changes between infant and child mortality components and the elected ocio­

economic characteristics, it fails to answer the que tion on whether the ob erved change 

Were tati tically ignificant. To addre thi , the next ecti n pre ent the bivariat 

an ly i etwe n each of the ele t d fa t r again t th c mp n nt f m rtality 

C< ntr lling ~ r th r fa t r . 
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4.5 Bivariate Weibull AFf Analysis Results 

This section presents the re ult fbi ariate Weibull analysis in the accelerated failure 

time framework (AFT . h tim roti (TR) for the dummy variables are presented to 

explain whcth r inttlnt und hildrcn were at a higher risk of dying faster or not as 

com par ·d t th , r i4'renc category. 

As compared to children born to mothers aged 20-34 years, tho.se born to mothers aged 

below 20 years experienced an increased risk of dying faster in infancy and this 

association was statistically significant (p-value<0.05). Similarly, during childhood 
' 

children born to mothers aged below 20, experienced 45 percent elevated mortality risks 

compared to those born to mothers aged 20-34 years. These results are similar to those 

found in other past studies (Hobcraft eta/., 1985; Miller 1993, Da Vanzo eta/., 1983; 

Chidambaram eta/., 1985). 

As expected, compared to children with a preceding birth interval of at least 3 7 months, 

children whose preceding birth interval was < 24 months or 25-36 months were 

Significantly associated with a 45 percent and 28 percent increased chance of dying 

faster during infancy (p-value<0.05). The effect of the preceding birth interval on infant 

and child mortality appear to dimini h and in a large mea ure v as rever ed when 

a · d acr children (12-59 month ). When the ri k f death v 

childr n (12-5 m nth ), bel nging t m th rs with apr ding birth int rval fl than 

2 month \ ciatcd with perc nt m rc d in • fast r 

wh din • birth int n I \\ 7 m m!h r 

hi r p v lu 0.0 . llwvr hill n vh tin • birth int '" 
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months were associated with a 22 percent prolonged chances of survival in childhood as 

compared to our reference at g r ( 7+ months) and this association was statistically 

significant (p<0.05). 

Tab I 4.3: Factor· u ·ociat d with the changing Infant and child mortality in 
cnya: KDHS 1993-2003 

Infant Mortality Child mortality 
TR S.E(~) TR S.E(~) 

[Exp(~)] [Exp(~)] 
Maternal age 
20- 4 year (RC) 
<20 years 0.754* .114 0.558* .244 
35-49 years 0.958 .134 0.773 .284 
Preceding Birth Interval 
37 months+ (RC) 
<24 months 0.554* .128 0.815* .263 
25-36 months 0.723* 
Baby Size at birth 

.127 1.224* .273 

Av./Iarge (RC) 
Small 0.965 .124 1.455 .313 
Duration of Breast feeding 
1 0-19 months (RC) 
<10 months 0.049* .259 1.195* .296 
>20+ months 0.128* .249 1.537* .209 
Maternal Education 
Sec+ (RC) 
None 0.681 * 0.165 0.580 0.364 Primary 0.559* 0.13 0.436* 0.293 
Paternal Education 
Sec+ (RC) 

one 0.671 * 0.164 0.757 0.358 Primary 0.639* 0.107 0.639 0.227 
ource of Drinking water 

Pip d (R ) 
\Veil .710* .4 • 

.6 4 .12 0.427 

) 

0. 12 
0. 7 

0. 1 



Household Wealth Index 
Upper(RC) 
Lower 
Middle 

Place of Delivery 
Government facilit (R 
I rome 

Private lie tlth F ·it it 
Tctanu · luj ctiou 
No(R ) 
Ye -

92 

0.56 * 
0. 51 

0.710* 
1.346 

1.042 

0.112 
0.119 

0.105 
190 

0.176 

0.477* 
0.611 * 

0.608* 
1.768 

1.740 

0.255 
0.260 

0.226 
0.437 

0.489 
ource: Primary analysis of merged KDHS 1993- 2003. * P-value<O. 05; Coef =coefficient; S.E. 

::::standard error of the coefficient; TR = time ratios. These are computed as 1 minus the 
exponents of the AFT Weibull coefficients (Box -Steffensmeier and Zorn, 2001). 

Generally, there appeared to be no significant association between size of the baby at 

birth and the risk of dying in infancy or childhood (p-value>0.05). For instance, being 

born with a small body size was associated with a marginal3.5 percent increased chances 

of dying during infancy, as compared to being born with average/large body sizes at 

birth. However the association was not statistically significant (p>0.05). 
' 

The duration of breastfeeding appears to have one of the strongest effects on infant 

lllortality (p-value<0.05). Table 4.3 above shows that during infancy, children who 

breastfed for a shorter duration (less than 10 month or >20 month ), tended to 

exPerience a 95 and 87 percent increased chance of dying fa ter as compared to th c 

Who breastfeed for 10-19 months and thi as ociation was tati ti ally ignificant (p­

. lu < .05. 

r b 1 nd inf: n ·, childr n wh br tf d r du ti n 1 s 

th 
m nth or 20 m nth tcndoo t . p i n nd I r nt I 1 I n 1 d 
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chances of surviving as compared to those who breastfed for 10-19 months and this 

association was statistically ignifi ant (p-value<0.05). 

The rc ult, 1 o indi ··1tc that hildrcn whose mother had no formal schooling or those 

With prim u· · ·h lin al ne was associated with 32 percent and 45 percent increased 

chanc ~ · f dying faster in infancy as compared to children whose mothers had at least 

secondary education and the association was statistically significant (p-value<0.05). On 

the contrary, children whose mothers had primary education were significantly associated 

With a 56 percent increased chances of dying faster in childhood as compared to children 

Whose mothers had at least secondary education (p-value<0.05). However, there was no 

statistically significant difference in the child mortality risk of children whose mothers 

had no education and those whose mothers had at least secondary education. 

The association between paternal education and infant mortality was expected. Children 

Whose fathers had no education and those whose fathers had primary education were 

associated with a 33 and 36 percent, respectively, higher chances of dying during infancy 

as compared to children whose father had at least secondary schooling (p-valu 0.05). 

The re ults show that paternal education did not have a tati tically ignificant effect n 

child mortality. 

exp ted u ing wat r fr m any ther urc thcr th n pip d \ t r uppl w 

nd hild m rt lit mpar l t( 

uppl hildr n h I n rin , t ) 



94 

households that had water supply from the well or from the lake, pond or stream, were 

significantly more likely to di fa t r during infancy as well as during childhood and this 

associated risk wa t ti ti II i nificant (p<0.05). 

Generally, th u · , fan ther form of toilet facility other than the use of flush toilet was 

a ciat d witi1 an increased chance of dying faster during infancy and childhood. For 

in tance a compared to children from households with flush toilets or those who were 

sharing flush toilets, those who belonged to households that used the traditional pit 

latrines experienced 39 percent increased chances of dying in infancy and this 

association was statistically significant (p-value <0.05). On the other hand, those that 

belonged to households that used other toilet facilities including the bush had 58 percent 

lllcreased chances of dying faster in infancy and this association was statistically 

Significant (p-value<0.05). 

Interestingly, as compared to using flush toilets, use of VIP toilets was not significantly 

associated with infant and child mortality. Further, the use of the traditional pit latrine 

Was not significantly associated with the risk of dying in childhood {p>0.05). However, 

as compared to children belonging to hou eholds who had flu h toilet , tho e that 

belonged to other type of toilet facilitie uch as the bu h had 74 percent in re ed 

chance f dying faster in childh d and thi ociation '> tati tically ignifi ant p-

Valu .05 . 
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Belonging to households that were in the upper wealth tertile was associated with the 

lowest chances of dying during in fun y and childhood (1-4 years). For instance, children 

belonging to household th t' a~ in the lower and middle wealth tertiles were 44 and 15 

percent m r lik ·I di arlit:r during infancy as compared to infants belonging 

hou chold in th , upp r " ·alth tertile. However, it was only the children that belonged to 

lower hou eh ld wealth tertile that had a statistically significant elevated risk of 

experiencing infant mortality a compared to children belonging to wealthy /rich 

household (upper tertile) (p-value<0.05). 

During childhood, children belonging to lower tertile households and those belonging to 

middle tertile household were significantly associated with 53 percent and 39 percent 

increased chances of dying faster in comparison to children belonging to wealth /rich 

households (upper tertile) and this association was statistically significant (p<0.05). 

This study also examined the role of some maternal health seeking factors in relation to 

the upsurge in infant mortality during the study period. Table 4.3 above shows that home 

delivery was associated with a 29 percent and 40 percent increased ri k of dying fa ter at 

infancy and childhood as compared to being born in a government health facility and thi 

as ociation was tatistically significant (p <0.05). hildren wh e moth r had r ceived 

a t tanu injection during pregnancy enjoyed a 4 p rcent pr 1 nged chance f urvi ing 

t in an y alth ugh thi iati n w n t tati ti lly ignific nt p> unn l 

Childh d children wh m th r h d r h d 
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74 percent increased chances of living longer as compared to their counterparts although 

the association was not stati ticnlly ignificant (p>0.05). 

4.6 oncludin~ rcmurk 

This chupt ·r r · 1 ·d that there was an upturn in infant and child mortality during the 

1 -200 peri d in Kenya. The overall upturn in infant mortality was much higher than 

that of child mortality. Infant and child mortality increased by a number of selected 

background and proximate factors. In particular, many of the selected covariates were 

significantly associated with increased mortality risk apart from whether the mother 

received a tetanus injection or not and the size of the baby at birth. These results however 

do not show the net effect of the selected covariates on infant and child mortality. In the 

next chapter, we address this issue by running multivariate analysis. 
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This chapter u cd a 
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RESULTS OF THE MULTIVARIATE ANALYSIS 

f ,'UJ i ul analysis methods to study the determinants of infant 

and child m )ft tlit . Thi i' important because prior to establishing the factors behind the 

uptum in m rtalit , it i logical to first establish what factors influenced the level of early 

childh d mortality. The choice of survival models was motivated by the fact that when 

data on infant and child mortality components are analysed using standard regression 

such as logistic regression, there is a likelihood of bias arising from the failure to account 

for censoring. 

5.2 Analytic Approach 

The Weibull model in the accelerated failure time (AFT) framework was used. This is 

because it is widely documented that the distribution of human mortality is theoretically 

known to follow a Weibull distribution (Cleves et al., 2010; Omariba, 2007). Further, 

Weibull models have been shown to be appropriate for hazards that are either 

monotonically increasing or decreasing (Blossfeld and Rowher, 2002) as is the ca e in 

this study. 

Preliminary analy i which entailed running hazard plot as a way of a the 

appropriatene of tati tical model for parametric urvival analy i appendi III) paint 

thi typ 

d t 

f m rtality di tributi n a. the m t appr priat . 

\ ibull di tributi n, th n pi t t th 

cncr lly, \: h n the mpincal 

, t 

mm nly nown " lo -1< urviv r pi t .. < r lo • umulati'O -h ull 
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yield a straight line (Guo, 2010:104). The log-log survivor plot in this study yielded a 

straight line as shown in appendix III h n e the choice of the Weibull AFT model. 

The study u d th ·tr 1? mmand in tata 11 (StataCorp, 2009) to run Weibull models. 

ln nn Al·T m d ·L th · d pendent variable is the event time (which in this study is the time 

to exp riencing death before the first 12 months after birth or between 12 months and 59 

month ). The AFT assumption is that all observations have the same shape hazard 

function, but the time axis varies such that some groups of children as is in our case pass 

through stages of the hazard curve faster than others. 

The Weibull AFT model can mathematically be presented as 

S(t)=So( '~'t) . ........... .... ..................... equation [ 4] 

Where So (t) is the baseline survivor function and '~'is an 'acceleration factor' that depends 

on the covariates according to the formula 

'*'=exp{(b1x1+b2x2+ ... +bpXp)} ................. equation [5] 

The principle here is that the effect of a covariate is to stretch or shrink the survival curve 

along the time axis by a constant relative amount .... The most intuitive way of expre ing 

AFT model coefficients is to convert them into time ratios (TR). Normall , time rati 

are computed as the exponents of the regression coefficient exp P but one can run th 

rn d 1 " ith th 'tr' opti n in tat t get th utput f tim rati fi r th . ·planat ry 

dir f Wei ull rcgrc i n n b 

um th ·tt tl 

t1m 

d..: • h:d laihm.: 

,. ri.th.: I h: t i 
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to multiply the hazard by some constant, the Weibull AFT models assume that the effect 

of a covariate is to multiply th pr di t d event time by some constant. Consequently, 

time ratios have differ nt int rpr tnti ns in the AFT and PH Weibull modelling. 

Thi ·tudy appli d th ·ibull AFT models to circumvent the problem of non 

prop rti nulit that\\ pre ented and discussed in Chapter Three. In these models, TR > 

1 is a o iated \ ith a prolonged survival time, or more accurately, an expansion of time 

to failure and ice versa. Suffice it to say, a time ratio above 1 for a given covariate 

implies that the covariate 'slows down', or prolongs the time to the event, while a time 

ratio below 1 indicates that an earlier event is more likely (Bradburn, eta!., 2003:432). If 

TR==l, it implies that the covariate has no effect on survival time. 

5.3 Effects of selected covariates on infant mortality 

Table 5.1 below shows an analysis of the covariates of infant mortality as guided by the 

Mosley and Chen framework. Model I shows the period variable. Model II shows the 

Period variable and background characteristics considered in the analysis. The 

background characteristics include maternal and paternal education, source of drinking 

Water, type of toilet facility and household wealth index. Finally, Model III i the full 

rnoctel bowing re ults of the period variable, background factor and proximate 

d terminant of mortality. The proximate determinant as e d in thi tudy include 

rnat mal ag at hild birth pre eding birth int rval, durati n f r tfi ding 1z th 

b by t irth pi f d li ry nd \ h th r r n t th hild' m th r g t t t nu t . id 

durin pr gn nc 



100 

Results from Table 5.1 show that all the dwnmies of time variable were critically 

important in explaining the up ur in infant mortality before and after they were 

adjusted for other fa t r . \ 1 n tim wa analysed as the only variable as shown in 

Model I, infant. b rn durin th' ]<93-1998 and 1999-2003 were 41 percent and 30 

percent m r · lik ·I. ' t di arlier as compared to those who were born during the 1988-92 

period nnd thi · ciation was statistically significant (p-value < 0.05). 

When background factors were added to the period variable as shown in Model II, the 

increased risk of dying earlier among infants born during 1993-1998 and 1999-2003 

remained statistically significant at about 42 percent and 30 percent respectively as 

compared to being born during the 1988-1992 period. Further, maternal and paternal 

education, type of toilet facility used by the household and the household's socio­

economic status as measured by the household wealth index were not significantly 

associated with the risk of dying in infancy (p-value > 0.05) even though most of the 

dUffimies for these variables were in the expected direction. 

The only exception to this was the association between the household's source of 

drinking water and infant mortality. A compared to infant belonging to hou ehold that 

u cd piped water (whether owned or hared), tho e belonging t h u ehold that dr w 

Water fr m the lake, p nd or tream had a urpri ing 10 perc nt increa d chanc f 

Urviving 1 ng r and thi iati n " a 

DH do n t c llcct in rrnati n n whcth r th 

r ult in thi tudy uld b l r t1 ti n th 

ignifi nt p­

" • t r i tr t d 

5 . \ hil 

r n th 

l \ llc1 
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treatment and purification techniques in the early 2000s which consequently negated the 

health risks that are associat d' ith un afc water sources such as lake, pond and stream. 

For instanc , n cordin • t r ·ult ' fr m KDHS 1998 (CBS, et al., 1999), 66 percent of the 

mce alone lacked access to safe drinking water and 47 percent 

of the tmder-fi e children had experienced diarrhoea in the preceding two weeks before 

the urvey. Hm: e er, a safe water system that was implemented by Care Kenya and 

Centers for Disease Control (CDC) in 2000 saw an adoption of the approach by 33.5 

percent of the households (Makutsa, eta/., 2001). Field evaluations have shown that use 

of safe water system results in a 25-85 percent reduction in diarrhoea (Migele, et a!., 

2007) and a significant reduction in deaths owing to the fact that diarrhoeal is the second 

leading cause of death among the under-five children worldwide (UNICEF and WHO, 

2009). 

Model III presents results of the full model. The effect of time still remains strongly 

associated with the risk of dying in infancy. Results show that as compared to infants 

Who are born during 1988-92 period, those born during the 1993-98 and 1999-2003 

Period were 43 percent more likely to die faster and thi as ociation was tati tically 

ignificant (p value < 0.05). The deterioration in Kenya' econ my as a re ult f 

tructural adju tment programme in the late 19 0 could have reduced h u eh ld 

PUrch tng p wer due to retr nchm nt and r du d tn m du infl ti n \: ht h 

dv ly w ll b tt r nutriti n. 1, 



102 

GDP reduced from less than 5 percent in 1988 to about 1.4 percent in 2002 (World Bank 

2007). 

While th dummi )r m~l ll rnal ducation were in the expected direction, none was 

significantly 1ss i t ·d ' ith the risk of dying in infancy when assessed against the 

rcfercnc cuteg r (p- alue > 0.05). Interestingly, children belonging to fathers with 

Primary le el of education were 7 percent more likely to survive for a longer time as 

compared to those whose fathers had at least secondary education and this association 

Was statistically significant (p value < 0.05). This could be due to diffusion of ideas on 

better child care from fathers with at least secondary education to their primary level 

counterparts with the later having a lot of time with their families to translate the 

knowledge gained on better child care practices into actual practice unlike the former 

Who are more likely to be engaged in gainful employment that leaves them with little 

time for child care. 

Table 5.1: Time ratios for selected factors associated with the changing infant 
~rtality: KDHS, 1993-2003 

-_Sharacteristic Model 1 

Tirne period 
88-92 (RC) 
93-98 
1999-03 

Maternal Education 
c · (R ) 

ducation 

TR S.E(Jl) 

1.000 
0.591 ** 
0.704** 

0.019 
0.022 

Model II 
TR .E(Jl) 

1.000 
0.575** 
0.705** 

1.0 0 
0.960 
0. 29 

I. 
I. 
1. 

1. 

0.019 
0.028 

0 055 
0.036 

0. 
0. 

Modellll = 
TR .E(p) 

1.000 
0.570** 
0.576** 

l. 

0.022 
0.026 

0. 72 
0. 41 
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Well 1.054 0.048 1.085 0.055 
Lake, Pond, Stream 1.099* 0.045 1.096* 0.050 
Type of Toilet Facility 
Flush-own/shared (RC) 1.000 1.000 
Trad. Pit Latrine 0.946 0.058 0.902 0.064 VIP 0.912 0.070 0.822* 0.073 
Other 0.900 0.066 0.886 0.074 nwr 
Upper (R ) 1.000 1.000 
Lower 0.970 0.045 0.962 0.049 
Middle 0.979 0.041 0.962 0.043 
Maternal age at child 
birth 
20-34 year (RC) 1.000 
<20 years 1.093 0.049 
35-49 years 1.014 0.043 
Prec. Birth Interval 
3 7 months+ (RC) 1.000 
<24 months 1.021 0.043 
20-36 months 1.088 0.043 
Baby Size at birth 
Small (RC) 1.000 
Av./large 1.097* 0.047 
Breastfeeding period 
10-19 months (RC) 1.000 
<10 months 0.962 0.035 
:::..zo+ months 0.944 0.038 
Place of Delivery 
GoK facility (RC) 1.000 
Rome 0.914* 0.035 
Private Health Facility 1.041 0.038 
llad Tetanus Injection 
No (RC) 1.000 
Yes 1.192** 0.062 
l\1odel Parameters 
Log Likelihood -8933.9 -6172. 1 -4779.9 
Ln_p 0.403 0.433 0.440 p 

1.500 1.542 1.553 
-!{{) 0.668 0.649 0.644 

otes *refers to p-value <0.05, ** p-value <O.OJ; TR time ratzo, IIWJ - hou ehold 
~1- ·ealth index; RC reference category. 

In ant b 1 n ring t h u h 1<..1 \Vith pip d w t r \ cr n t in an \\' ditlcr nt r m 

th wh bt ined their <..lrinkin ' w lt r J1 m th \ 11 p · lu 0. . f l "l:\ 1 th s 
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who drew water from the lake, pond or stream enjoyed a 10 percent increased chances of 

surviving much longer a compar d t tho c who drew piped water and this association 

was statistically signifi nt p-\ lu 0.05). 

The relation ·hit "tw '"'n the dummies of type of toilet facility are in the expected 

direction. enerall infants belonging to households that use flush toilets experience a 

lower risk of experiencing mortality as compared to those who use other forms of 

facilities. However it is only infants that belong to households that used ventilated 

improved pit latrines (VIP) that were significantly associated with 18 percent increased 

chances of dying faster as compared to those who belonged to households with flush 

toilets. 

As expected, belonging to households in the upper class was associated with a lower risk 

of dying faster as compared to those who belonged to households from middle or lower 

socio-economic status. However, this association was not statistically significant (p­

value>0.05). 

one of the dummies for maternal age at child birth, preceding birth interval and durati n 

of brea tfeeding was ignificantly a cia ted v ith the ri k of dying in infancy (p-value > 

0.05 . Howe cr, compared to babic \ h were mall during child birth, th e " h 

Wer b rn with a r larg b dy iz ~ during birth, " r I per nt m r likcl to 

urvi c I ng r p- alu 0. 5 . 
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Similarly, as compared to infants that were born in a government health facility, those 

who were born at home were p r nt m rc likely to die faster and this association was 

statistically significant (p-vnlu n the other hand infants belonging to mothers 

Who received at I st t t ·tanu ' inj tion during pregnancy were 19 percent more likely to 

urvivc ion 'Cr 1 · , mpar d t tho e whose mothers did not (p-value<0.05). 

One clear is ue from this model is that generally, the risk of dying in infancy appeared to 

increase throughout the period as seen from the values of the W eibull AFT ancillary 

Parameter p. In particular, in model I when time was considered as the only variable, the 

risk of experiencing infant mortality increased by 50 percent. When background factors 

Were considered, the increased risk dying was 54 percent and when the full model was 

assessed, the increase in infant mortality during the study period stood at 55 percent. 

S.4 Effect of the selected covariates on child mortality 

Results presented in Table 5.2 show that when time was considered as the only variable 

(Model I), the risk of dying faster in childhood stood during the 1992-98 and 1999-2003 

Was 33 and 12 percent respectively as compared to the ri k of dying during the 1988-92 

Period (p-value<0.05). 

In rn del II, the period variable remained an imp rtant explanat ry varia lc with childr n 

b rn durin , 1 and 1 -2 mor lik I t c. p ri nc 4 perc nt and 1 per nt 

iner f d in ' much t r mp r d t th m durin • 1 -1 2 

' P lu 0. 
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However, maternal education, paternal education and source of drinking water were not 

significantly associated with th ri k of dying in childhood (p-value>0.05). On the 

contrary, as compared to hillr n ' h b long to households that used flush toilets, those 

that used oth r m • ns ) til· a\ di •po al including the bush were 9 percent more likely to 

die fn ·tcr und thi iation was statistically significant (p-value < 0.05). Equally, 

childr n bel nging to the lower socio-economic class experienced a 5 percent increased 

chance of dying faster as compared to those who belonged to upper socio-economic 

households and this association was statistically significant (p-value<0.05). 

Model III presents results of the full model. Time variable explained 45 and 28 

Percentage increase in the risk of dying faster during the 1993-98 and 1999-2003 as 

COmpared to the risk of dying during the 1988-1992 period (p-value<0.05). The 

deterioration in economic growth after 1988 through 2003 may have decreased the 

household level spending on health leading to deterioration in child health. 

On the other hand, paternal and maternal education, source of drinking water, type of 

toilet facility, household wealth index, size of the baby at birth and whether or not the 

mother received at lea t a tetanu toxoid during pregnancy were not tati tically 

important in explaining the risk of dying in childh d (p- alu 0.05). 

White thcr -. n tati tical ciati n b tw n th n dying m ng hildr n 

m thcr in th c mp r l t thl 

Ill th h \ r low n ' in th P t l dir ti n. 
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However, as compared to children belonging to mothers in the prime age (20-34 years), 

those belonging to mother wh ' er 5 years and above were 9 percent more likely to 

live longer and thi a i ti n w st ti . ti ally ignificant (p-value<0.05). Results from 

Table 5.2 al o show th 1t ·hildr n wh sc preceding birth interval was less than 24 months 

Were aim ·t ·r nt m re likely to survive longer as compared to those whose 

pr ceding birth interval \ as at least 37 months (p-value <0.05). 

Likewise, as compared to children belonging to mothers who breastfed for less than 1 0 

months, children who breastfed for 1 0-19 months had 5 percent increased chances of 

SUrviving longer and this association was statistically significant (p-value<0.05). 

Bowever, breastfeeding for at least 20 months was not in any way significantly 

associated with the risk of dying in childhood as compared to breastfeeding for less than 

10 months (p-value>0.05). 

1'able 5.2: Time ratios for selected factors associated with changing Child mortality: 

KDHS, 1988-2003 

-
_ Characteristic 

lime period 
88-92 (RC) 
93-98 
1999-03 
Maternal Education 
S_ect- (RC) 

'one 
Primn 
Sour -Drinkin 
\\ . t r 
Pip d R 

-..11 

Modell 
TR 

1.000 
0.773** 
0.875** 

S.E(fJ) 

0.013 
0.013 

Modelll 
TR .E(fJ) 

Model III 
TR .E(fJ) 

1.000 1.000 
0.655** 0.012 
0.867** 0.017 

0.554** 0.011 
0.716** 0.020 

1.000 1.000 
1.034 0.031 
1.016 0. 21 

1.0 6 .035 
1. 5 0. 26 
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Lake, Pond, Stream 1.034 0.022 0.996 0.026 
Type of Toilet Facility 
Flush-own/shared (RC) l.OOO 1.000 
Trad. Pit Latrine 0.950 0.030 0.957 0.038 
VIP 0.982 0.039 0.991 0.051 
Other 0.910* 0.035 0.941 0.045 
IIWI 
Upper (R ) 1.000 1.000 
L wer 0.950* 0.022 0.971 0.028 
Middle 0.994 0.021 1.012 0.026 
Maternal age at child 
birth 
20- 4 year (RC) 1.000 
<20 years 0.964 0.041 
35-49 years 1.091 ** 0.027 
Prec. Birth Interval 
3 7 months+ (RC) 1.000 
<24months 1.045* 0.024 
20-36 months 1.021 0.022 
Baby Size at birth 
Av./large (RC) 1.000 
Small 1.013 0.026 
Breastfeeding period 
<10 months 1.000 
10-19 months (RC) 1.051 ** 0.024 
>20+ months 1.021 0.031 
Place of Delivery 
GoK facility (RC) 1.000 
Home 0.978 0.020 
Private Health Facility 1.082* 0.033 
Had Tetanus 
Injection 
Yes (RC) 1.000 

0 1.037 0.033 
Model Parameters 
Log Likelihood -11224.8 -7877.1 -5630.1 
Ln_p 0.448 0.476 0.485 p 1.566 1.610 1.624 

0.639 0.621 0.615 
*refers to p-va/ue<0.05at 95percent Confidence Inten•al; ** p-value<O.OI; 

RC reference cat g-ory 
ourcc: primary ana(v i ofm rged KD!l : 1993--003 

b in, b rn t h m rricd hi rher h n 

lth u thi ) ' h~.:n 
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compared with those born in a government health facility. However, as compared to 

children who were born in a go crnm nt fa ility, those who were born in a private health 

facility had 8 percent in r hnn ''. of . urviving longer and this association was 

statistically igniti , 1nt p-valu 0.05). This could be due to the mass departure of 

medical doct r' 111 th r mtddle level health officers especially in rural areas from 

g vemm nt health facilitie to the private sector and elsewhere during the study period. 

I<.imalu t al., (2004:32) note the heavy staffing of low cadre staff in government health 

facilities but the rapidly diminishing number of middle and high professionals in 

government health facilities especially in rural areas where majority of Kenya live as 

others leave for private practice as evidenced by the mushrooming private health 

facilities. 

Normally, mothers are given a tetanus toxoid jab during pregnancy at least once to 

Prevent tetanus infection to the mother and the baby which can be deadly to the child 

especially during the first two weeks of life. Results however show that there appears to 

be no association between whether the mother received tetanus injection during 

Pregnancy or not and the risk of dying in childhood (p-valu 0.05). 

An as e ment of model parameters a hown in Table 5.2 reveal that th Wcibull AFT 

Clncillary parameter p howcd a p iti e time dcp nd nee. Thi imph that th ri k 

Child m rtality in re d \ ith tim during th tud P ri d. In parti ular, there \ a an 

nt in hild mort lit r t wh n tim w con id r t th nl 

d •h nth tim ri t I \ • dju t I h k ' lUn 1 
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as shown in model II. Finally, when the full model was considered, the model accounted 

for 62 percent increase in child rn rt lity during the study period. 

5.6 oncluding Rcmaark 

The rc ·ults sh w that th peri d played a critical role in the upsurge in infant and child 

mortality and r mained ignificant all through. As compared to those who were born 

during the 19 -92 period, those who were born during the 1993-98 and 1999-2003 were 

more likely to die faster and this association was statistically significant. During infancy, 

Paternal education, type of toilet facility, source of drinking water, type of place of 

delivery, size of the baby at birth and whether or not the mother received tetanus toxoid 

Were important explanatory factors behind the upsurge in infant mortality. In terms of 

Child mortality, maternal age, study period , preceding birth interval, duration of 

hreastfeeding and place of delivery were important explanatory factors. 

A.s expected, the effect of shorter birth intervals and duration of breastfeeding on infant 

and child mortality were in the expected direction though not statistically significant (p­

Value>0.05). Unlike most past studies, paternal education appeared to be an important 

detenninant of infant mortality in this tudy and not maternal education as i 

conventionally believed. It is likely that although the intr ducti n f tructural adju tment 

Program ( AP ) in the late 19 0 which wa ac mpanied v ith c t haring tn 

educati n may ha c increa d th c t f edu ating girl . th full ff p n 

li ely to h ccurrcd b y nd th tud ri d \ h nth girl , h m, h· 

ted b th · n in n b m mot he . 
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The prolonged survival among infant fr m households that drew water from the lake, 

pond or stream as compar d t h us h ld who were using piped water could be due to 

the positive effect of int nti no! u ' fwater purification techniques among other sources 

of drinking wut ·r ·sid ·' th piped water. The late 1990s in particular saw concerted 

cf{l rt, n wnt r purification e pecially through the social marketing of water treatment 

chemical for households in diarrhoea endemic regions that more o·ften than not accessed 

water from other sources besides piped water and hardly boiled the water prior to 

drinking (Makutsa eta/., 2001). 

With such widespread programs in place, the source of water supply increasingly 

becomes a less important determinant of mortality as seen from the results from child 

mortality. Finally, the Weibull AFT ancillary parameter (p) showed a positive time 

dependence which implies an upsurge in infant and child mortality during the 1988-2003 

study period. 
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RESULTS OF REGRESSION DECOMPOSITION 
TECHNIQUES 

In this chapter, rcgn.:: i n I 11'11 'iti n techniques were used. Basically, when 

drinking wnt ·r. t f t ilet facility or place of delivery among others, an important 

tati ·ti al a umpti n of urvival models is violated- that the event (in this case the 

chance of experiencing infant or child mortality) occurred at the time the selected factors 

Were operating. 

Preston (1976) demonstrated that when demographic events (such as infant mortality) 

change, it is not only the factors that determine such events that could be changing over 

time and space but rather, the events themselves could be changing at the same time. This 

Phenomenon makes traditional statistical techniques inappropriate because most of them 

assume that the dependant variable is constant. Regression decomposition techniques 

appear appropriate in such situations and have been widely used to study changes in 

mortality (Kintner 1988; DaVanzo and Habicht 1986; Peterson et al., 1986; Hale eta!., 

2009; Ikamari 1996; 2000). 

lhi tudy extended the e technique to as e the c rrelate b hind the up urge in infant 

and child m rt lity between the two p ri d i .. 19 -1 95 and 1 -2 and b tw n 

re 'i n \ ith high nd I w HI pr al n .Th tt mpt t d ir , 

hniqu ar : upp um th t m rt lit 

n unt rth upturn in inf nt nd hild m >ri lit tn 
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Kenya during the 1988-2003 period? If we assumed that apart from the covariates, 

mortality changed as well, what ,, th tructure of the relationship between mortality 

and each explanatory v ri bl in h p "ri d? 

6.2 Analytic ppt ~•th 

ln order t uddr th preceding questions, this chapter decomposed the differences in the 

b .rvcd ratt; · f infant and child mortality in the two periods of 1988-1995 and 1996~2003 

into component attributable to group differences in the characteristics and group differences 

in the effects of the co variates. To do this, all selected explanatory variables were converted 

into dichotomous variables as is conventionally done (Peterson, et al., 1986; Da v anzo and 

Habicht 1986· lkamari 1996 and 2004: 186). 
' 

The covariates were dichotomized based on theory and preliminary analysis to allow the 

Variables' strongest effect 011 infant and child mortality. For instance, children belonging to 

mothers who were young (below 20 years) or old (above 35 years) are theoretically known to 

experience an elevated risk of infant and child mortality as compared to children born to 

lllothers in the prime age (between 20-34 year ) hence children of uch high ri k mother 

Were grouped together. Except for maternal and paternal education which are continu u the 

re t of the variable were dichotomized as h wn below:-

a) Maternal age at birth (1 =Below 20 year & ab e 35 year · 0 20-34 years) 

b L gth fthe pre ding birth int rv I ( < 24m nth · 1 => 24m nth 
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c) Size of the baby at birth11 (O=Small; l=Normal/Big) 

d) Duration ofbreastfeeding (0= Less than 10 months; 1>10 Months) 

e) Source of water (1= Pip d' t r O~ Other) 

f) Presence of toilet fa ilit ' ; 0= No) 

g) Maternal cducuti n: f chooling 

h) Paternul cdtt · 1ti n: ·ar of schooling 

i) llous hold wealth tatu 12 (1 =Low; O=High) 

j) Place of deli ery ( 1 = Health facility; 0= Home) 

k) Had tetanus injection (1 =Yes; O=No) 

1) Period (0 =1988-95; 1=1996/03) 

m) Malaria endemicity13 (O=Low; 1 =High) 

n) Level ofHIV prevalence14 (O=Low; 1=High) 

The next step entailed computing means of these dichotomised variables for each period 

while assessing whether the means were statistically different using the t-test statistic. 

The choice of whether to use a t-statistic with equal or unequal variance in assessing 

11
Conventionally, infants born with a bi~ w~ight of less than 2500grams are c~te?orized as low birth weight (LBW) 
~d v~ce versa. This study did not ~se tht~ van able due to the large numbe~ ?f mts~mg_ c~es {55% of the total sampled 
hve btrths did not have recorded btrth wetght) as a result of low _health facthty dehvenes m Kenya (only 42% of births 
Were delivered in a health facility) and thus its u_se could ~ave b~ased our results. Consequently, baby size at birth was 
Used as a proxy measure for LBW. Recent studtes based m Afiica have confinned a close correlation between ize of 
the baby at birth and birth weight (Mbuagbaw, 20 I 0). 

12 
Household wealth index was computed usin? the principal ~om~ncnt analy is (PCA) based on the hou chold 

~s essions of each sampled household. Those wtth l~w. and medJU~ mcome wer: categorized as low while th with 
htgh income were categorized as "high." In our ~rehmm~ ana!y 15 (pr_ ~ted m Chapter Four), we found that low 
:md medium hou eholds experienced an up urge m m?rtahty ~ht~e the htgh me me hou ehold experienced a d line 
tn mortality hence thi rationale behind the propo ed dtchot mtzatlon. 

ll The teg rization of whether a region was low or high malaria endemicity w b ed on the categ rizati f K 
Medical and R earch In titute which w~ used i~ a tudy ?Y K'O~gi (1_992). A rdingly, yanza, w ~ern , c;~~ 
&nd • rth tern provinces were categ n . cd as h.'gh m?lana endcmt ~gt n whtle Central, ~tern, irobi d Rift 
valley were 1 rizcd low malari nd mtc regt n.. · r nst t ncy, we eluded orth 
1n I · in~:e thi rc ion w n t sampled prior t th 2003 KDH . 
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whether the two sets of groups were statistically different is controversial in statistical 

literature. However, the general n n u i that if the standard deviations of the two 

groups are similar and th mph: sit.l:S of the two groups are large15
, then the options of 

using equal or un qu 11 vanan will yield close and marginally inconsequential 

dif[l renee' in th · ·stimat ·d t- tati tic values (Ruxton 2006; Dupont 2009:38). 

In other word the loss in statistical power of not assuming that the two samples have 

equal standard deviations or variance becomes trivial (Dupont 2009). This study equally 

found trivial differences when the t-test with equal or unequal variance was applied to the 

available data (not shown). 

Once the means of the explanatory variables for the samples are computed, it is usually 

important to establish the structure of the relationship between each explanatory variable 

and mortality in each time period, or between high and low mortality regions as is the 

case in this study. In past studies, this has been accomplished by running logistic 

regression to obtain the logit coefficients or even ordinary least squares (OLS) and the 

as ociated standard errors of each explanatory variable in the two regions or time period 

(DaVanzo 1986; Peterson eta!., 1986; Kintner 1994; Ikamari 1996, 2004). 

In additi n a te t f ignificance of the differenc bet\ e n the l git c ffi ient f ach 

exp} n t ry ariable in the tw m rtality r gi n n n nh n, Jl 

c mput J•t g u, \ hcthcr th y r ignificantly diff rent P tc n r a/., 1 · lk , mari 



116 

1996, 2004). The logit coefficients are then used to account for the relative contribution 

of the differences in the structur f th relationship in explaining the difference in the 

level of infant and child m rt lit tw en the two periods or mortality regions. 

The critical qu · ' ti n in u ing logit coefficients to predict the role of each explanatory 

variable to the b erved level of early childhood mortality in two mortality regions or 

periods i : Ceteris paribus, what level of infant and child mortality would we have, say in 

the later time period (1996-2003) if a given explanatory variable in the initial period 

(1988-1995) had the same mean value as in the later period (1996-2003)? This is a 

counterfactual analysis since the question is repeated for each and every explanatory 

Variable in assessing its contribution to the change in the dependent variable for each 

period or mortality region. This is illustrated using the example below:-

Assuming we would like to know the contribution of any covariate, say, household 

Wealth Index (HWI) on infant mortality (IMR) in 1988-1995 period had this variable 

Values been applied to the 1996-2003 period, we would have to use the following 

fonnula:-

A in IMRo=~ HWI *IMRo*(l-IMRo)*(HWio-HWI1)*1000 

Where 

in IM~ - change in infant mortality rate fi r the 19 -1 5 peri d 

p HWio = the regre ion c fficient f H I t; r th 1 

H\ Io = n Ju lth Ind . t p n d 

p HWI1 = then.: •rc n c cffici nt fH\ I flf th 1 d 

II\ 11 = n lu lth Ind . f r the 1 p rit l 
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In the above formula, the equation was multiplied by 1000 to assess the contribution of 

the household wealth index to inf: nt m tiolity per 1000 live births. In this study, the Cox 

proportional hazard r gr i n w 1.' ust:d in computing regression coefficients instead of 

logi tic rcgrc · i n. 'hi · t • b au c statistically, both logistic regression and Cox 

pr porti nul h 1zurd, m d 1 ield imilar estimates of regression coefficients in studies 

and low incidence of event occurrence (Armitage et al., 

2002) as i the case in this study. 

In addition, Cox regression unlike logistic regression accounts for censoring by ensuring 

that children who were born more recently who may not be exposed to the full risk of 

dying are included in the analysis hence eliminating mortality measurement biases. 

Further, some recent studies have used hazard rate models in decomposing group 

differences in effects (Hale et al., 2006; Hale et al., 2009; Powers and Yun, 2009). 

Mathematically, the Cox regression model was presented and discussed in Chapter three 

of this thesis. A detailed discussion of the use of Cox regression can be found in any 

tandard bio tati tics textbo k ( ee Annitage et al., 2 02; ollett 2003· Fi her and B He 

20 4; Dup nt 20 9). 

In th n xt 

m n th t\ 

in th 

tudy pre cnt r ult n th 

a hi e thi th m n · lu 

d w r c mputt:d well a th 

ri bl \\ 

f th 

in infant m rtality 

pi n t ry ariabl . 

i 'lli t ant . nc til , 
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explanatory variables that were stati tically significant (i.e. where t-statistic> 1.96) 

implies that those particular arinble p rtly accounted for the observed upsurge in infant 

mortality between the tw p ri I nd icc ver a. 

6.3 Rc ult · of d omp ition analysis 

6.3.1 E ·planator , ariable of infant mortality between the time periods 

In Table 6.1 belm:, columns (a) and (b) show the actual changes in the covariates that 

took place during the 1988-1995 and 1996-2003 period. The last column (c) presents the 

t-statistics indicating whether the differences were significantly different from zero. 

Results show that duration of breastfeeding, maternal education, HIV prevalence and 

malaria endemicity were important explanatory variables responsible for the differences 

in infant mortality between the two periods. 

Over the time span duration of breastfeeding and maternal education increased. These 

two variables could potentially result to a decline in infant mortality as is evidenced in 

past literature (Caldwell 1979; Hobcraft, et al., 1984; K'Oyugi 1992; Ikamari 1996). 

However, there was a significant rise in the means of regional HIV status and malaria 

endemicity both of which could have potentially contributed to the up urge in infant 

mortality during the tudy peri d. Th actual ri e in malaria endemicity wa 1 p r nt 

higher [ 1 - .345/0.421 )*l ] while rcgt nal HIV pr alencc w 5 p rc nt higher 

during th ll 9 -2 3 peri d c mpan.:d t th aluc b crvcd during th 19 -199 

peri d. 
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Past studies have also pointed out the emergence of malaria resistant strains and the rise 

in HIV prevalence as key cau fl r th upturn in infant and child mortality in some sub 

Saharan African countri (Hill d a/ 200 l; 2004; Rutstein 2000; Omariba 2005). The 

rest of the variabl '· w~.: r n t ' tati tically different between the two time periods (t-

e pected, most variables showed an increase in the means 

during the 1 -1995 and 1996-2003 period which reflects that they may have 

contributed to the differences in infant mortality during the two periods under this study. 

The results from Table 6.1 imply that the observed changes in infant mortality in Kenya 

during the 1988-95 and 1996-2003 periods could be partly accounted for by the four 

variables whose means were statistically different between the two periods. 

Table 6.1: Means of explanatory variables for infant mortality by time period: 
Kenya, 1988-2003 

Characteristic 

Maternal factors 
Maternal age at child birth (D) 
Baby size at birth (D) 
Duration ofbreastfeeding (D) 
Preceding birth interval (D) 
Maternal health-seeking 
factors 
Place of delivery (D) 
Tetanus Toxoid (D) 

ocio-economic factors 
Paternal ducati n (year ) 
Source of water (D) 
Typ ofToil t Fa ility (D) 
Maternal education (Years) 
H u h ld Wealth Index (D) 

1988-95 (n-3115) 
(a) 

1.672 
0.818 
0.810 
0.699 

0.624 
0.883 

5.471 
0.268 
0.795 
5.149 
0.55 

1996-03 
(n=2150) (b) 

1.688 
0.816 
0.908 
0.736 

0.593 
0.867 

5.7 9 
0.299 
0.812 
5.490 

.5 0 

1.42 
.421 

t 1 

differences in 
means (t-statistic) 

-0.951 
0.175 

-7.525** 
-1.93 

1.43 
1.297 

-1.141 
-1.746 
-1.145 

-4.0 •• 

-1. 2 

nd 1 7/ 
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Section 6.4, assesses the role of the explanatory variables in relation to the rising levels of 

infant mortality between 1 nd I 96-2003 periods before and after other 

covariates were controlled fl r. 

6.4 ovnrint contribution to infant mortality variation during 1988-2003 Period 

Table .2 ·h w · Umt in del I the risk of dying in infancy during 1996/2003 period was 

19 percent higher a compared to dying in infancy during the 1988/92 time period. When 

maternal factors were added to the period variable (Model II), the risk of dying in infancy 

during the 1996/2003 was not in any way statistically different as that observed during 

the 1988-1995 period (t-test <1.96). However, when socio-economic factors were added 

to Model I (Model IID, the risk of dying in infancy was 23 percent higher during the 

1996/2003 as compared to the 1988-1995 period and this increase was statistically 

significant (t > 1.96). 

Table 6.2: Hazard Ratios and likelihood chi-square values indicating the effects of 
controlling for explanatory variables on infant mortality differential between the 
two time periods, merged KDHS 1993-2003 

Explanatory Model I Model II Model 
variable III 
LRx2 7.18 33.07 64.3 
d.f 1 1 
P-value < 0.001 < 0.001 < 0.001 
Time period 
19 8-95 1.0 1.0 1.0 
1996-2003 1.19 1.03 1.23 

(2.69)* (2.42)* 

Model 
IV 

38.19 
1 

< 0.001 

Model V 

110.59 
1 

< 0.001 

1.0 
1.2 

nd (()3 

Model 
VI 

102.57 
1 

< 0.001 

1.0 

tim 

I Q 
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In Model IV, maternal health seeking factors were added to the time variable. Results 

showed that the risk of dying in infan y wa 10 percent higher during the 1996-2003 

period as compared to th 1 -1 < p ri d and this increase was statistically significant 

at 95 percent c nfid n · inl n al. 

Similarly, in M del where community level factors (regional HIV prevalence and 

regional malaria endemicity) were added to Model I, results showed that being born 

during the 1996/2003 era was associated with 28 per cent increased risk of dying during 

infancy as compared to being born during the 1988-1995 time period and this was 

statistically significant (p<0.05). Finally, when all the variables were added to Model I as 

shown in Model VI above, the risk of dying during infancy in the 1996-2003 period was 

38 percent higher as compared to the 1988-1995 period and this was statistically 

significant. 

When all explanatory variables were added to Model I, the likelihood ratio test satisfied 

p<0.001 for all the models which implies that the explanatory power of the additional 

variables more than compensated for the loss in degree of freedom. Generally, the 

re ult pre ented in Table 6.2 above imply that the difference in the value of 

explanatory variable , taken together during the two period contributed to difference m 

the ob rved infant mortality. Th ab ve analy i h wever i a fixed tructur analy i 

urn that nly th c variat und t chang and n t in ant m rt lit . In 

th • contribution ri blc t· k n t , th r in 

untin r th in in ant m r lit ' b t\ · nth t\ • time p rit 1 . 
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6.5 Structure of the relationship between infant mortality and explanatory 
variables 

As a follow up to th di u' i n in tiP previous section, it is important to ascertain 

whether th r w r · un ·tru tural differences in the effects of the explanatory variables 

vi a vi· infmt rn rtalit in the two periods under analysis. As earlier presented and 

di cu ·ed in Table .2. the differences in a number of covariates between the two periods 

imply that the nature of the structural relationship could also differ as evidenced in past 

studies (Preston 1976; DaVanzo and Habicht 1986; Ikamari 1996, 2004). Results from 

Table 6.3 shows that apart from maternal age at child birth, having received a tetanus 

toxoid during pregnancy, and household wealth index, the effect of the rest of the 

explanatory variables were significantly different during the 1988-1995 and 1996-2003 

periods (t-statistic> 1.96). 

A detailed analysis shows that the size of the baby at birth had a significant but negative 

effect on infant mortality in both periods. The effect of the baby size at birth was 

however much greater during the 1996-2003 period as compared to its effect during the 

1988-1995 period. Other explanatory variables that exhibited a negative effect on infant 

mortality in the two periods were the preceding birth interval and household wealth index 

both of" hich howed a ignificant negative effect on infant mortality during th 1 

1 5 p ri d and n tin the later peri d (1 6-2003). n the c ntrary, malaria nd micity 

exhi it d n g ti c ignificant eff ct n infant m rtality in the t\ p n d . Th n g ti 

ria end micit on in fl. nt m )rt lity w p rti ul rly m r pr n un durin • 

-I -2 p ri 1. 
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Duration of breastfeeding and regional HIV rates had a positive significant effect on 

infant mortality in both peri d . Th ffi ct f duration of breastfeeding was however 

greater during the 1996- 0 th n th' l -1995 period. Likewise, the effect of HIV 

seemed t hnv b 'en m )f pr n unccd during the 1988-1995 period as compared to the 

1 96-2 peri d. lt · r du ·d effect in the later period is likely due to the introduction of 

HIV intervention ' hich aw the peak in HIV prevalence (of about 13.2 percent) 

dropping after 2000 to 6.7 percent by 2003 (CBS, eta/., 2004). 

Table 6.3: Regressions explaining infant mortality between 1988-1995 and 
1996/2003, allowing for different coefficients between the time periods 

Characteristic Coefficients Coefficients t-statistic if 
(1988-95) (1996-03) (a) and (b) 

(n=3115) (a) {n=2150) (b) differ (c) 
Maternal factors 
Maternal age at child birth (D) -0.430 ( -1.02) 0.035 (0.08) -0.114 
Baby size at birth (D) -0.456 (-2.01)*** -0.367 ( -2.40)*** 5.897*** 
Duration ofbreastfeeding (D) 1.032 (5.82)** 4.179 (8.12)*** 6.969*** 
Preceding birth interval (D) -0.402 (-2.29)** -0.589 (-1.72) 6.094*** 
Maternal health-seeking 
factors 
Place of delivery (D) 0.228 (1.16) 0.103 (0.47) 2.624* 
Tetanus Toxoid (D) -0.423 ( -1.56) -0.129 (-0.40) 0.864 
Socio-economic factors 
Paternal education (years) -0.052 (-1.19) 0.015(0.77) -64.717*** 
Source of water (D) 0.066 (0.260) -0.392( -1.30) -19.901 *** 
Type of Toilet Facility (D) -0.399 ( -1.85) 0.243(0.82) -2.316** 
Maternal education (Years) -0.040 (-0.94) -0.017(-0.38) 56.965*** 
Hou ehold Wealth Index (D) -0.497(-2.37)** -0.167 (-0.72) 1.757 

1.0 2 (5.15)*** 
-1.265( -5. 6)*** 

4.2 9*** 

t 1 ~ -2003 
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The results also showed that there \ ere tatistically significant differences in the 

coefficients of size of the bab t birth duration of breastfeeding, preceding birth 

interval, maternal edu ati n, r~.: )i nal lllV tatu , regional malaria endemicity, paternal 

education, ourcc or drinkin l at ·rand type of toilet facility and maternal education on 

infant mortulit in th tw tim periods, (t-statistic > 1.96). 

While the ource of drinking water supply, place of delivery, maternal and paternal 

education and type of toilet facility had insignificant effect on infant mortality in both the 

two time periods, the difference in their effect in the two time periods was statistically 

significant at the 5 percent level. 

On the overall, the effect of paternal education, source of water and type of toilet facility 

between the two time periods was significant but negative which implies they contributed 

to the decline in infant mortality. The rest of the variables that were significant between 

the two periods were positive (which implies that they directly contributed to the upsurge 

in infant mortality). The question that arises thus is to what extent did each of the 

explanatory variables contribute either to the rise or decline in infant mortality during the 

two period ? Thi is a counterfactual analysi and is examined in the next ection below. 

6.6 \ hat would be the rate of infant mortality during the 198 -95 period had 
infant born during that time e pericnced the arne alue a tho of th 1 6-2 
p riod nd ic cr ? 

In bl .4 th I n rth o ding. m t rn 

unt fl r th l1r • t h r 
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the differences in mortality between the two periods. Had children belonging to mothers 

in 1988-1995 period had the am m n aluc of duration of breast feeding as those of 

children belonging to m th in th 6-2003 period, infant mortality would have 

reduced by 5 deaths p ·r l irth . However, had children belonging to the 1996-

2003 period p ·ri ·n ·d th arne mean values of duration of breastfeeding as those 

belonging t th, 1 -1995 period, infant mortality could have increased by a massive 19 

death per 1000 li e births. 

However, had children belonging to the 1996-2003 period experienced the same mean 

values of malaria endemicity as those of children belonging to the 1988-1995 period, then 

infant mortality would have reduced by 7 deaths per 1000 live births. On the contrary, 

had children belonging to the 1988-1995 period experienced the same mean values of 

malaria endemicity as those belonging to the 1996-2003 period, infant mortality would 

have increased by 5 deaths per 1000 live births. 

Results also show that had infants for 1996-2003 period experienced the same mean 

values of high HIV region as those of the 1988-1995 period, then infant mortality would 

have increased by 4 deaths per 1000 live births. However, had infants belonging to the 

1988-1995 p riod experienced the ame mean alue ofHIV regi n as th e belonging t 

the 19 -2 3 peri d then infant m rta1ity c u1d haver due d by 3 death per 1 li e 

birth . ikcwi , h d infant b 1 nging t th 1 -1 5 p ri d pen n cd th am 

m n v 1u- m t m 1 due lti n th( t th -2 p n th n 
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infant mortality could have increased by 1 death per 1000 live births. The inverse could 

have resulted in a negligible de r a in infant mortality. 

The rc ult g ncrall Sl' rn t tndi ate that if the rest of the explanatory variables for the 

19 6-20 pcti d h d valu' as those of 1988-1995 period, then infant mortality rate in 

the 1 -200 peri d could have remained largely unaltered and vice versa. Generally, 

the conditional nature of each of the variables considered in this analysis makes it 

difficult to assess their actual roles to the changes in mortality. For instance, some of the 

effect of maternal education on infant mortality is subsumed by other correlates such as 

household wealth index, place of delivery and type of toilet facility among others. It is 

therefore important to look at the overall effect of these variables on infant mortality at 

their mean value. 

Table 6.4 shows that had all infants in the 1996-2003 period experienced the same mean 

values of all explanatory variables as those of the 1988-1995 period, then infant mortality 

would have increased by 14 deaths/1 000 live births. However, had all the infants in the 

1988-1995 period experienced the same mean values of all explanatory variable as those 

of 1996-2003 period, then the rise in infant mortality could have been negligible (le 

than 1 death per 10 0 live births). 



. . h ng in infant mortality rate had each time period experienced the same value of explanatory variables 
h r t ri ti Mean Mean JJ's for f3's for Change in IMR if Change in IMR if 1996-

value values 1988-95 1996-03 1988-1995 had the 2003 had the same 
1988-95 1996-03 same mean value of mean value of this 

this variable as variable as 1988-1995 
1996-2003 e ( 

1.672 1.688 0.011 -0.077 -0.010 -0.08 
0.818 0.816 -0.122 -0.0568 -0.014 0.007 

(D) 0.81 0.908 0.858 3.053 -4.838 19.375 
0.699 0.736 -0.294 -0.373 0.626 -0. 94 

b h viour 
0.624 0.593 0.284 0.207 0.507 -0.416 
0.883 0.867 -0.251 -0.174 -0.231 0.180 

5.471 5.789 0.005 0.011 -0.091 0.227 
0.268 0.299 0.075 -0.31 -0.134 -0.622 
0.795 0.812 -0.399 0.082 0.390 0.090 
5.149 5.49 -0.057 -0.019 1.118 -0.420 
0.558 0.58 -0.373 -0.177 0.472 -0.252 

1.364 1.429 0.829 0.899 -3.101 3.784 
0.345 0.421 -1.21 -1.405 5.292 -6.915 

0.112 14.159 
0.0613 0.0696 
0.0575 0.0648 
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6.7 Mean values of explanatory variables of child mortality 

Unlike at infancy, maternal fact r pp ar to take less precedence to socio-economic and 

health seeking factor in ·pl inin r th differences in child mortality between the two 

periods. For in tunc , tp 1rt fr m pr ceding birth interval, none of the rest of maternal 

fact r c nsid ·r 'd in lhi · tud accounted for the actual changes in child mortality rates 

between the 1 -1 5 and 1996-2003 periods. Table 6.5 below shows that place of 

delivery whether or not the mother had received a tetanus toxoid, source of drinking 

water, type of toilet facility, maternal education and regional malaria endemicity were all 

significantly associated with the differences in child mortality between the two time 

periods (t> 1.96). 

In particular, the decrease in the number of children belonging to mothers receiving at 

least one tetanus jab during pregnancy, the decline in the values of type of toilet facility 

and the increase in the value of malaria endemicity during the 1988-1995 and 1996-2003 

could have potentially contributed to the upsurge in child mortality. However, the 

increase in the values of the preceding birth interval, place of delivery, source of drinking 

water and maternal education are bound to have suppressed the rapid rise in child 

mortality during the 1988-1995 and 1996-2003 period. 
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Table 6.5: Means of explanatory variables of child mortality between 1988-1995 and 
1996-2003: KDHS 1993-2003 
Characteristic 

Maternal factor~ 
Maternal ag 1t ·hild irth 
Baby izc ut birti1 ( 
Durati n fbreastfeeding (D) 
Preceding birth interval (D) 
Maternal health-seeking behaviour 
Place of delivery (D) 
Tetanus Toxoid (D) 
Socio-economic factors 
Paternal education (years) 
Source of water (D) 
Type of Toilet Facility (D) 
Maternal education (Years) 
Household Wealth Index (D) 
Community level factors 

Time period 
1988-95 

(n=4650) 

1.688 
0.860 
0.144 
0.690 

0.550 
0.926 

5.561 
0.281 
0.835 
5.100 
0.606 

Time period Significance 
1996-03 of Differences 
(n=4872) in Means 

(t-statistic) 

1.689 -0.085 
0.854 0.835 
0.113 0.224 
0.730 -3.659** 

0.577 -2.487** 
0.895 4.508** 

5.595 -0.234 
0.318 -3.273** 
0.806 3.598** 
5.56 -9.221 ** 

0.591 1.439 

HIV regional status (D) 1.340 1.329 1.015 
Malaria endemic region (D) 0.410 0.446 -3.369** 

Notes: D denotes dichotomous variable. **p<0.001 
Source: Primary analysis of the merged KDHS dataset 1988/89 and 1998/99 

In the next section, we discuss the role of selected covariates on the upsurge in child 

mortality. 

6.8 Effect of e plana tory variables on child mortality 

Table 6.6 belO\: how the effect of controlling different et of explanatory varia te n 

child m rtality between the two time peri d . G nerally, me of them del (e.g. M del 

nd II w r n t tati tic lly ignificant implying th t th di 10 th 

pi n tory individu l r t ken t th r r th t\ p ri d 

ntribu di hild m rt lit . 



130 

Table 6.6: Hazard Ratios and likelihood chi-square values indicating the effects of 
controlling for explanatory variables on child mortality differentials between the 
two ~eriods: KDHS 1993-2003 

Explanatory Modell 1od 1 n Model Model IV Model V Model 
variable III VI 
LRx,2 0.04 . I 20.3 1 12.44 48.48 28 .83 
d. f. 1 1 1 1 1 
P-valuc > 0.05 < 0.05 < 0.05 < 0.001 < 0.05 
Time period 
1 1.0 1.0 1.0 1.0 1.0 1.0 

0.97 0.90 0.88 0.98 1.02 1.00 
(-.21) (-0.57) (-0.56) (-0.10) (0.13) (-0.01) 

Notes: Model 1 = Time period indicator only, Model II= Model I plus all maternal 
factors Model III=Model I plus all socio-economic factors (SES); Model IV= Model I 
plus all maternal health seeking factors; Model V= Model I plus community level factors 
and Model VI= Model I plus all other models. T-statistics are shown in the parentheses; 
The LRx2 values refer to those associated with the time period indicator variable 
Source: Primary analysis of the pooled KDHS dataset 

Below, we present results of the effect of explanatory variables on child mortality in the 

two periods. Maternal age at birth had a positive effect on child mortality in the 1988-

1995 period but had no statistical significance on child mortality in the 1996-2003 period. 

On the overall, maternal age at birth, place of delivery, maternal and paternal education 

significantly accounted for the difference in the effects of the covariates between the two 

periods. 

In general, maternal and paternal education both had a negative effect on child m rtality 

in b th p ri d and appeared to explain a large portion of the ob erved up urg in child 

m rtality rat . The tr ng influ nee f educati n c uld b due t th fa t that du ati n 

rt m r n child m rtality a c mpar d t in ant m rt lity. urin , th 

tud peri cdu ti n th tru tur, 1 dju tm nt pr ,r .. mm s 

vhi h ult I in m iv 10 
. 
10 

u tl i n 
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offered and a massive school dropout e pecially among girls (Mwega and Kukubo 1993) 

hence its effect on child mortality i 

Table 6.7: Coefficient of planator variables of child mortality between 1988-
1995 and 1996/2003: KDII l t)QJ-2003 

Maternal factors 
Maternal age at child birth (D) 
Baby size at birth (D) 
Duration ofbreastfeeding (D) 
Preceding birth interval (D) 
Maternal health seeking 
factors 
Place of delivery (D) 
Tetanus Toxoid (D) 
Socio-economic factors 
Paternal education (years) 
Source of water (D) 
Type of Toilet Facility (D) 
Maternal education (Years) 
Household Wealth Index (D) 
Community level factors 

efficients 
F r 1988-1995 

(n-=2366) 
(a) 

0.887 (1.96)** 
1.107 (1.53) 
0.335 (0.75) 
0.095 (0.29) 

0.493 (1.45) 
1.076 (1.06) 

-0.040 (-0.54) 
-0.300(-0.71) 
-0.312 ( -0. 77) 
-0.084 ( -1.15) 
-0.170 ( -0.488) 

Coefficients for 
1996-03 
(n=1314) 

(b) 

0.150 (0.14) 
-0.257 ( -0.33) 
0.538 (0.68) 

-0.915 (-1.60) 

0.095 (0.15) 
-0.168 (-0.21) 

-0.057 (-0.44) 
0.612 (0.82) 

-1.123 (-1.66) 
-0.033 (-0.26) 
-0.316 (-0.47) 

Significance 
of differences 
in coefficients 
for 1988-1995 
& 1996-2003 
( t -statistic) (c) 

2.134*** 
-1.938 
0.388 
-0.122 

5.051 *** 
-1.950 

16.067*** 
-0.343 
0.227 

59.415*** 
0.476 

HIV regional status (D) -0.014 (-0.037) 0.171 (0.25) -0.067 
Malaria endemic region (D) -1.185 (-2.19)** -1.246 (-1.47) 0.481 

Notes: D denotes dichotomous variable. ***p<O.OOl, **p<0.01, Column C was 
computed using the following formula: (P2-Pt)/(1.96SQRT(Xt+ X2) where P2 & p1 are the 
coefficients of the two time periods and Xt & X2 are the tandard errors for each 
explanatory ariable for the two time periods 

ource: Primary analysis of the merged KDHS data et 1993-2003 

Whit malaria endemicity appeared to account fi r the tati tical difference in child 

m rt lity during th 1 -1 95 p ri d, it \ n t ignifi antly 

p ri d. In mlri \ . 

nd it p ·ked b 1 7 \ •hl:n r tl hl r quinc r n • d 
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line treatment of malaria from chloroquine to artemisinin combination therapy (ACT) for 

treatment of uncomplicated malari (WH t a!., 2003; IAEA, 2007, Houwelling eta/., 

2006). 

Improvement, in pu li' h alth interventions including the establishment of the Division 

of Malaria ontr 1 (D M ) in 2000 to serve as the control arm of the national malaria 

control programme as well as the roll out of the National Malaria Strategic Plan for 2001-

2010 went along way in accelerating efforts for Malaria control (MoH, 2001). Further, 

the country has received external funding especially from the global fund to fight malaria. 

Consequently, it is expected for Malaria to have played a greater role in child mortality 

during the earlier years (1988-1995) as compared to the later years. The increase in the 

use of insecticide treated mosquito nets in the early 2000 is an additional factor behind 

the reduced role of malaria in the later period. For instance, while earlier rounds of 

KDHS did not collect data on ITN usage, the 2003 KDHS shows that initial campaigns to 

promote ITN usage saw the uptake of the nets at 4.4 and 4.6 percent among pregnant 

women and children under five by 2003 (KNBS, et al., 2004). 

Although the duration of breastfeeding, the length of the preceding birth interval and 

receiving tetanus toxoid during pregnancy were not ignificantly a ociated with 

m rtality differ nee during the tudy peri d the nature fthe re ult ~ und in thi tudy 

w r uniqu and uld be a rc ult of pr I m 

tcri ti • in di crcnti I childh d m rt lit 

fth v ri bl in th Jl -1 

with u c 

r in t n th p iti\ 

ri d uld h tuc to th 
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fact that some of the children could have died much earlier resulting to the observed 

positive association. Further, in g n r liz d HIV prevalence regions such as Kenya, 

prolonged breastfeeding c uld b i t d with increased mother to child transmission 

leading to high r dcuth · h 'n ' th p ·itivc as ociation. 

While ·ource f drinking" ater was negatively associated with child mortality during the 

1988-1995 period, it was positively associated with child mortality differences during the 

1996-2003 period though in both, the relationship was not statistically significant (p-

value>0.05). This could be due to the fact that the increase in the water purification 

techniques during the later cohort could have eliminated source of water supply as an 

important factor in accounting for mortality differentials during the study period. 

6.9 Explanatory variables versus structural relationships: A counterfactual 
analysis 

Table 6.8 below presents detailed results of the decomposition between individual effects 

on child mortality differentials during the study period. The results show that malaria 

endemicity, maternal education and belonging to mothers who had received tetanus 

injections during pregnancy accounted for the largest portion of child mortality change 

during the 1988-1995 period. On the contrary, malaria endemicity, type of toilet facility 

and preceding birth interval explained much of the difference in child m rtality during 

th 19 -2 3 p ri d. 

If the lue o rn lari end micity durin ' th -2 w r t h th am m m 

' lu th r th 1 < -I - th n hild m rt lit in th uld h b 
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1.9 deaths per 1000 live births. However, if the values of malaria endemicity for the 

1988-1995 were to have fixed rn nn nlue as those of the 1996-2003, then child 

mortality could have redu db 1 t.7 d oth per 1000 live births. However, had children 

belonging to the 1 < < - 0 r ri d • pcricnccd the same mean values of type of toilet 

facility us th s -1995 period, then child mortality would have increased by 

1.4 death per 10 0 li e births. The inverse could have led to a reduction in child 

mortality by 0.4 deaths per 1000 live births. 

Had children belonging to mothers who had received a tetanus jab during pregnancy in 

1988-1995 experienced the same mean values as those of 1996-2003 period, then child 

mortality could have increased by 1.4 deaths per 1000 live births. The inverse could have 

led to a reduction in child mortality by 0.2 deaths per 1000 live births. While tetanus 

injection during pregnancy is only an imperfect proxy measure of immunization 

coverage, the results here echo DHS findings relating increased childhood mortality to 

deterioration in the overall immunization coverage (CBS, et al., 2004). 

The rest of the explanatory variables in both periods appear to have contributed to a 

negligible change to child mortality. For instance, had children belonging to the 19 -

1995 period experienced the same mean values of all explanatory variable a th e 

bel nging to th 1996-2003 peri d, then child mortality would ha e increa ed by death 

p r I li birth . H we r, th in cr c uld h r du d child m rtality by lm t _ 

d th p r i live births. 



in child mortality rate bad each time period experienced the same value of explanatory variables 
Mean Means Coefficients Coefficients Change in CMR if Change in CMR if 
1988-95 1996-03 1988-95 1996-03 1988-95 had same 1996-03 had the same 

mean ofthis mean value of this 
variable as 1996-03 variable as the 1988-95 

1.6 8 1.689 0.887 0.15 -0.036 0.006 
0. 6 0.854 1.107 -0.257 0.272 0.065 

0.144 0.113 0.335 0.538 0.425 -0.7 6 
0.69 0.73 0.095 -0.915 -0.156 -1.550 

0.55 0.577 0.493 0.095 -0.545 0.109 
0.926 0.895 1.076 -0.168 1.367 0.220 

5.561 5.595 -0.04 -0.057 0.056 -0.082 
0.2 1 0.318 -0.3 0.612 0.455 0.959 
0.835 0.806 -0.312 -1.123 -0.371 1.379 
5.1 5.56 -0.084 -0.033 1.583 -0.643 

0.606 0.591 -0.17 -0.316 -0.104 0.201 

1.34 1.329 -0.014 0.171 -0.006 -0.080 
0.41 0.446 -1.185 -1.246 1.748 -1.899 

m 5.752 -1.815 
0.043 0.044 
0.041 0.042 

I : D d n te dichotomous variable 
ur : Primary anal i of the merged KDHS dataset 1993-2003 
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6.10 Concluding remarks 

This chapter examined the fa tor b hind the early childhood mortality differentials 

during 1988-2003 p ri d. h fl:.'u\ts .'h w d that on the overall, there was an upsurge in 

infant mortality durin' th · It)) -2 0 compared to the 1988-1995 period. The duration 

f brea ·tfccdin'. mut rnal ducation, regional malaria endemicity and regional HIV 

prevalence wer t1 und to be important explanatory variables that accounted for the mean 

difference in infant mortality between the 1988-95 and 1996-2003 period. 

Apart from maternal age at child birth, tetanus toxoid and household wealth index, the 

effect of the rest of the explanatory variables were significantly important in accounting 

for time differences in mortality during infancy. While the baby size at birth, duration of 

breastfeeding, preceding birth interval, place of delivery, maternal education, regional 

HIV prevalence and regional malaria endemicity accounted for the upsurge in infant 

mortality, paternal education, the source of water supply and the type of toilet facility 

appeared to have contributed to infant mortality decline during the 1988-1995 and 1996-

2003 period. 

On the other hand, the duration of breastfeeding, place of delivery, whether or not the 

mother rec ived a tetanu toxoid during pregnancy, ource of drinking water typ f 

t ilct facility maternal educati n, and whether the h u eh ld li ed in a malaria end mi 

rcgi n r n t \ r ace untabl fi r th m an differ n hild m rt lity 

two p In ccountin, r th ditTcrcn tn gr up 1 t , mt t m. 1 

birth pi u tit n lmt!ml lu .lti n ' ' r , imp rt nt. 
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Results appeared to point out that preceding birth interval, having received a tetanus 

toxoid injection, maternal edu ati n and m laria prevalence were important explanatory 

variables that contribut d t th hild mortality during the study period. 

The muin r ·s ·ar ·h qu ti n \: to investigate the factors that accounted for the upturn in 

infant and child m rtality in Kenya during the 1988-2003 period. The results presented in 

this chapter do not only confirm the existence of the upturn but also provide the much 

needed answers regarding the explanatory factors that played a critical role in the 

observed upsurge in early childhood mortality. The results also points out the factors that 

suppressed the observed levels of infant and child mortality from increasing beyond the 

levels that were observed during the study period. 
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CHAPTER 7: A REGIONAL ANALYSIS 

7.1 Introduction 

This chapter aimed at inv . ti) tin l th' factor associated with the upturn in infant and 

child m rtulity in K ·n 1' · hi lh • nd I w IIIV prevalence regions during the study period. 

M t past ·tudi · huv l nd d to attribute the upsurge in infant and child mortality to the 

increa e in HlV pr alence in orne sub-Saharan African countries (Gregson, eta/., 2001; 

Hill eta/., 2001). The following two key research question were investigated: Were the 

levels in the factors underlying the upsurge in infant and child mortality in the high HIV 

prevalence regions the same as those for the low HN prevalence regions? What was the 

actual contribution of the selected factors in the observed infant and child mortality 

differences between the two HN prevalence regions? 

The chapter and analytic approach adopted were guided by a number of factors: firstly, in 

sub Saharan Africa, data on longitudinal studies where mothers HIV status is repeatedly 

measured and where the mortality of their children (0-59 months) can be linked to 

maternal HN status are scarce and where available, they are not population based. Even 

in population based surveys such as the 2003 and 2008-2009 KDHS that included 

biomarker and te ted a sample of mothers to determine their HIV tatus, it i difficult to 

obtain population attributable fraction (P AF) to a certain the contributi n of HIV t 

infant and child m rtality du t th a et a/., 2 1 . 
' 

aki yin ,i et a/., 2 3: Za a I a/., 2 
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Secondly, the assumption of independenc among covariates and the dependent variables 

upon which most standard regr i n t hniquc are based is flouted in generalised HIV 

settings like Kenya. For in t n , Znt a and Gregson (1998) argue that in high HIV 

settings, the a ·sumpti Hl thut th~ m thcr' survival status is independent of the survival 

statu f her bioi i 'al hildren i flouted. HIV positive women tend to experience a 

heightened ri k f dying and reduced fertility as compared to HIV negative women (Zaba 

and Greg on 199 · Zaba and Wald 2001; Zaba, et al, 2003; Mahy 2003). This leads to 

biased estimates since the assumption of independence between the mortality experience 

of mothers and children no longer holds (Zaba and Wald 2001; Zaba, et al, 2003; Mahy 

2003; Omariba 2007) and hence makes conventional methods of mortality analysis 

unrealistic. 

7.2 Analytic Approach 

The study findings by Montana et a/., (2007) which mapped the HIV prevalence at 

provincial level using the geographical information systems (GIS) technology are used to 

map low and high HIV prevalence zones. Montana et al., (2007), segregate the regional 

distribution of HIV prevalence by gender. On the basis of HIV prevalence results from 

KDHS 2003 among adult women (15-49 years), the following provinces which had a 

higher than national HIV prevalence rate were categori ed in thi tudy a high HIV 

prevalence region : yanza Central, airobi and Rift Valley16
• 
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On the other hand, Coast, Eastern, North Ea tern and Western were categorised as low 

HIV prevalence zones since their tual prevalence was lower than the national HIV 

prevalence of 6.7 perc nt. Thi: rization yielded a total of 6770 children (0-59 

months) in the hi 1h IllY r' 1i n. · and 25 children in the low HIV regions. For purposes 

of consi tcncy, thi, ·tud ' . luded orth Eastern from the analysis since this region was 

not sampled in earlier urve prior to KDHS 2003. 

Using this regional categorization, this study computed the rates of infant and child 

mortality in the two categorized HIV regions and examined the plausible factors 

responsible for the upsurge in mortality in the two HIV prevalence zones in Kenya during 

the study period. The thesis here was that if HIV adversely affected infant and child 

mortality (either directly or indirectly), then were the higher rates of mortality in the high 

HIV prevalence regions due to lower levels of factors known to reduce mortality? Could 

the differences between the high HIV prevalence and the rest of the low HIV prevalence 

regions be a result of the nature of the relationships between infant and child mortality 

rates and their correlates? 

This chapter u ed regre sion decomposition techniques that were recently u ed by Hale et 

a/., (2009) in explaining early childhood mortality decline in Matlab, Banglade h. 

H , e er unlike Hale et a/., (2009) who had acce to a large dat f o er 3, 

inglet n birth and h nc uld c 1 ulat v ry many c mp n nt f rly hildh d 

rn rt tit , thi tudy u ed infant and hild m rt lit • t tim t th lc 

v ri t m untin r th b rv\:d lll{ rt lit r te . hi ppr h \\ th 
111 
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appropriate since a detailed analy is of all the early childhood mortality components 

would have compromised the tati ti 1 p wcr in our analysis. In the next sections, we 

7.3 Early childhood mortali changes in the low and high HIV regions 

The ynthetic c hort life table approach was used to compute direct measures of early 

childhood mortality in the high and low HIV regions. Infant and child mortality rates 

were higher in the high HIV region as compared to the low HIV region. Figure 7.1 below 

shows that the difference in infant mortality between the two HIV regions was 9.2 deaths 

per 1000 live births. On the other hand, child mortality variation between the two HIV 

regions was only 2.3 deaths per 1000 live births. 

Figure 7.1: Mortality rates in early childhood in the high and low HIV Regions, 
Kenya ,_------------------------------------------------~ 

• Infant mortality (lqO) • Child mortality (4ql) 
Ill 
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assessing their significance using the t- tatistic. All explanatory variables whose t-

statistic value was at least 1.96 w r n id red as important correlates of infant and 

child mortality. 

Result from T 1bl • 7.1 h \! that during infant mortality, the preceding birth interval, 

paternal educati n. ource of drinking water, type of toilet facility, household wealth 

index and place of delivery seemed to be significantly different between the two HIV 

regions (p<0.05). While preceding birth interval, paternal education, source of drinking 

water, type of toilet facility and household wealth index appeared to be positively 

associated with the increase in infant mortality and place of delivery were negatively 

associated with infant mortality in the two HIV prevalence regions. 

When child mortality was considered, maternal age at birth, baby size at birth, source of 

water supply, type of toilet facility, maternal education, household wealth index and 

place of delivery were the variables responsible for accounting for the group differences 

in mortality between the high and low HIV prevalence regions. While baby size at birth 

was negatively associated with child mortality between the two HIV regions, there t of 

the variable above were po itively associated with child mortality implying they could 

have contributed to the child mortality difference between the two regi n . 



·pi natory variables for infant and child mortality by Regional HIV status: Kenya, KDHS 

irth (D) 

ing (D) 
irth intcn 1 D) 

Infant Mortality Rate 
Means 
LHIV 

1.693 
0. 10 
0. 87 
0.756 

5.884 
0.336 
0. 21 
5.447 
0.655 

0.541 
0.868 

Means 
HHIV 

1.661 
0.832 
0.846 
0.693 

5.373 
0.262 
0.716 
5.303 
0.501 

0.655 
0.871 

Sig. of differences in 
means (t-statistic) 

1.749 
-1.480 
1.922 

3.136** 

2.003** 
3.741 ** 
6.202** 

1.551 
7.971** 

5.970** 
-0.188 

Child Mortality Rate 
Means 
LHIV 

1.699 
0.849 
0.117 
0.717 

5.688 
0.334 
0.840 
5.478 
0.666 

0.648 
0.887 

Means 
HHIV 

1.672 
0.874 
0.116 
0.721 

5.629 
0.288 
0.717 
5.182 
0.507 

0.583 
0.863 

Sig. of differences in 
means (t-statistic) 

2.461** 
-3.067** 

0.126 
-0.365 

0.347 
3.647** 
11.752** 
5.011** 

13.318** 

-10.50** 
1.395 

variable. ***p<0.001, **p<O.Ol, *p<0.05. Preceding birth intervals referred to second and higher order 

of the merged KDHS dataset 1988/89 and 1998/99 
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In Table 7.2 below, we attempt to answer the following question: what is the resultant 

early childhood mortality effect of a hild born in a high HIV region as compared to the 

one born in a low HIV r gi n'. In rd r t an wcr this question, this study computed the 

hazard ratios with IllY 1 • th nl ariable (model I) for both the two components of 

early childhood m rtulil ' 14 11 v ed by the full model which was the model with HIV 

adju t d for all the ther explanatory variables. The results from the two models were 

then u ed to determine the percentage by which the change in hazard ratios accounted for 

infant and child mortality components. 

Table 7.2: Effect of being born in a high HIV region relative to the low HIV region 
on mortality prior to attaining the frrst and fifth birthday a 

Mortality component Model 16 Model lie 0/o by which Hazard ratio 
changes by the additional 

explanatory variables in model 
II 

Infant mortality (,qo) 3.08 1.92 56 
Child mortality (4q1) 2.82 3.96 39 
All hazard ratios are statistically significantly different from 1.0 at p<O.OOl 
a Numbers shown are hazard ratio on the high HIV prevalence region from running a Cox PH 
model 
b In model I, a dummy variable for the high regional High prevalence is the only explanatory 
variable 
c Model II contains the dummy variable for the high regional HIV prevalence plus all the rest 
of the explanatory variables considered in this study: maternal age at child birth, size of the 
baby at birth, preceding birth interval, duration of breastfeeding, paternal education, maternal 
education, source of drinking water, type of toilet facility, household wealth index, place of 
delivery, whether or not the mother received a tetanu toxoid and malaria endemicity. 

ourc : Primary analysi of the pooled KDH data 

The re ult how that the hazard ratio fi r infant mortality in m del I where HIV region 

\\' th nly variable wa 3.0 implying that infant m rtality w 2 

p rccnt hi~ r in th high HIV r gi n that th l v HI r gi n. h n 

ry , ri bl w r dcd h wn in m d l II , th n 

2 p r nt hi h r in th hi ,h HI pt 
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compared to the low HIV region. About 56 percent ([1.92-3.08]/[1-3.08]) of the upsurge 

in infant mortality between the h o HIV rcgi n could be attributed to changes in the 

explanatory variables wee amin din thi' 'tudy. 

During child mortulit . th hazard ratio in model I was much lower (2.82) than it was 

during infant m rtalit ( .0 ). This implies that the differences in mortality between the 

two HIV regions was much greater during infancy than it was during child mortality. The 

increase in the hazard ratio from 2.82 in model I to 3.96 in model II implies that 

approximately 39 percent of the upsurge in child mortality ([3.96-2.82]/[1-3.96]) between 

the two HIV regions could be explained by the explanatory variables we considered in 

this study. 

When additional explanatory variables were included as shown in model II in Table 7.2 

above, the likelihood ratio test (LR:() met the p<0.05 condition for both infant and child 

mortality components which implies that the explanatory power of the additional 

variables more than compensated for the loss of degree of freedom. 

7.4 Decompo ition analysis 

Thi ection a e e for each early childhood mortality component, the extent to which 

the chang in each of the ele ted explanatory ariable c ntribut d t th upturn in 

m rtality. wn in T bl 7.3 and 7.4 b I \ . In th tabl , th first tw 

column the m ns o the plan t ry v ri bl in th tw HI nd th 

thir I lumn h( \ n in 
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Table 7.1 above. This is followed by a computation of the hazard model coefficients (p) 

for each variable per HIV region and th r ft r the product of these coefficients and the 

respective difference in the m' n:. Th mputcd product P (ii-ii) which is shown in 

column (g) i the c ntriln1ti n f th' hangc in the two HIV regions for each explanatory 

variable t the ditT·r n in lh mortality hazards between the two HIV regions. 

Once this is done, the next column shows the summation of the amount that can be 

explained by the sets of variables. Where the sum for any set of our explanatory variables 

was negative, it implied that the changes between the two HIV regions for this particular 

set of variables reduced the mortality hazard by that amount (Hale et a/., 2009:11 ). On 

the contrary, if the sum for any set of explanatory variables was positive, it implied that 

ceteris paribus, the changes in the values for that set of variables between the two HIV 

regions resulted in an increase in mortality. Finally, the last column show the percentage 

of the change in the mortality rate between the two HIV regions that can be explained by 

each set of explanatory variables. 

Results as shown in Table 7.3 below reveal that socio-economic factors accounted for the 

large t contribution to the up urge in infant mortality (59 per cent) between the two HIV 

region . Thi exceeded the total c ntribution of 56 percent up urge in infant m rtality 

that w b rv d bchi e n the two HIV regi n a hown in Table 7.2 ab v . 



ition of infant mortality differences between the high and low HIV regions into those due to particular 

(a) (b) (a)-(b) (d) (e) (d).( e) (f). (c) h % 
explained 

0.005 -10.2 
1.693 1.661 0.032 0.588 -0.111 0.019 0.001 

0. 10 0.832 -0.022 -0.182 0.072 0.004 0.000 

din (D) 0. 7 0.846 0.041 1.735** 1.444** 0.071 0.003 

irth int rv 1 (D) 0.756 0.693 0.063 0.368 -0.441 * 0.023 0.001 

tor -0.029 59.1 

, ars) 5.8 4 5.373 0.511 -0.025 0.001 -0.013 -0.007 

0.336 0.262 0.074 0.238 -0.750* 0.018 0.001 

0.821 0.716 0.105 0.122 -0.582* 0.013 0.001 

5.447 5.303 0.144 -0.100 0.003 -0.014 -0.002 

0.655 0.501 0.154 -0.946* -0.300 -0.146 -0.022 

viour -0.003 5.6 
0.541 0.655 -0.114 -0.209 0.238 0.024 -0.003 

0.868 0.871 -0.003 0.922 -0.105 -0.003 0.000 

-0.026 
ariabl . **p<O.OOI, *p<O.OS; a & b=Means of covariates for Low and high HIV regions respectively; d & e = coefficients of 

HIV regions; % explained i the per cent of the sum for each set of covariates in column hover the overall sum (0.060) multiply by 
ec e own in Table 7.2 above (56%). Malaria endemicity was iteratively removed from analysis due to model omission 

r:im ry n I i of the merged KDHS dataset 1988/89 and 1998/99 
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The second most important set of explanatory vruiables during infancy were maternal 

factors. Unlike other factor , mat em 1 fa t r accounted for 10.2 percent of the decline in 

the hazard of infant mort lit ' b t\ l: n th tw regions. Duration of breastfeeding and 

preceding birth inter tJ r' th' t maternal factors that appeared to play a significant 

role in infant 111 rt tlit d line between the two HIV regions(p-value<O.OS). Maternal 

health seeking behavi ur accounted for an approximate 6 percent of the observed upsurge 

in infant mortality rate between the high and low HIV prevalence regions in this study. 

An analysis of explanatory variables behind the observed child mortality differentials 

between the high and low HIV prevalence revealed that maternal and socio-economic 

factors accounted for the largest proportion of the observed upsurge in child mortality. 

For instance, Table 7.4 shows that maternal factors alone explained 20 percent of the 

observed rise in child mortality between the two HIV regions during the study period. 

On the other hand, socio-economic factors accounted for almost 14 percent of the 

upsurge in child mortality between the two HIV regions considered in this study. 

However, an analysis of maternal health seeking factors revealed that far from the other 

factors that eemed to contribute to the up urge, these factors accounted fl r 73 

percentage decline in child mortality between the HIV regions. 



ition of child mortality differences between the high and low HIV regions into those due to particular 

(a) (b) (c) (d) (e) (f) (g) h o/o 

Mean 
explained 

Mean (a)-(b) ~LREG ~HREG (d)*( e) (f)* (c) 0.031 
HREG LREG 20.4 
1.671 1.699 -0.028 -0.493 0.014 

1.213 -0.407 
0. 74 0.849 0.025 0.754 0.840 0.633 0.016 

0.721 0.717 0.004 
0.932 0.405 

0.377 0.002 

0.116 0.117 -0.001 -0.325 0.000 
0.554 -0.586 

0.020 
13.8 

) 5.629 5.688 -0.059 -0.002 0.000 
-0.145 0.013 

D 0.288 0.334 -0.046 0.010 0.000 
0.021 0.480 

D) 0.717 0.84 -0.123 -0.833 -0.136 0.113 -0.014 

5.1 2 5.478 -0.296 
-0.019 -0.051 

0.001 0.000 

0.507 0.666 -0.159 
0.439 -0.515 

-0.226 0.036 

iour -0.113 -72.8 
0.627 0.501 0.126 0.933 0.756 0.705 0.089 
0.903 0.913 -0.01 35.239 0.572 20.144 -0.201 

-0.060 
• HI\ r gi n; 1-IREG=High HIV region; (c) is the difference in the mean values of explanatory variables between the two HIV 

p u of the c efficient of each explanatory variable in both HIV regions (i.e. d &e); g is the product of columns (f) and c; his 
fi r h of the three ets of explanatory variables. % explained is computed as the per cent of the sum for each set of covariates 

in lumn h over the o erall sum (0.060) multiply by the total percentage change shown in Table 7.2a above (i.e. 39%). 
im lJ an I i of the pooled KDHS dataset 
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7.5 Concluding remarks 

The purpose of this chapter wa to :amine the factors that accounted for infant and child 

mortality upsurge in th high nn t lc w lllV prevalence zones in Kenya. Results revealed 

that higher infant und ·hild m rtalit rate· were observed in the high HIV regions as 

compared t th · nt" ·ervcd in the low HIV regions. The difference in infant 

mortality between the l\ o HIV prevalence regions was 9.2 deaths per 1000 live births. 

On the other hand, child mortality variation between the two HIV regions was only 2.3 

deaths per 1000 live births. 

The preceding birth interval, paternal education, source of drinking water, type of toilet 

facility, household wealth index and place of delivery appeared to be important 

explanatory variables behind the infant mortality differentials between the low and high 

HIV prevalence regions (t-statistic> 1.96). On the other hand, maternal age at child birth, 

size of the baby at birth, source of drinking water, type of toilet facility, maternal 

education, household wealth index and place of delivery appeared to be important 

explanatory variables behind child mortality differentials between the low and high HIV 

prevalence regions (t- tatistic> 1.96). 

Generally. ocio-economic factor appeared to play the greate t role in the ob erved 

infant m rtality diffi rential b h e n the high and 1 w HIV pre alence z ne \ h11 

m t rn 1 ct hibitcd th high t c ntributi n t th rtalit • 

di crenti tw HI under thi tud . F 

ntribut l t( p r nt in inf nt m rt lit 
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between the low and high HIV prevalence regions which was more than the total amount 

of the upsurge that was explained by th m d 1 during infancy (about 56 percent). 

Likewise, during childho d, m lt nHl fa tor alone accounted for 10 percent decline in 

mortality between th ' tw<.l Ill r ' ~i n . Maternal health seeking behaviour accounted for 

alm st 6 percent f th _. up urge in infant mortality between the two HIV regions. 

However, the e fact r \ ere responsible for 73 percentage decline in child mortality 

between the high and low HIV prevalence regions in this study. 
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CHAPTER 8: SUMMARY, CONCLUSIONS AND 
, RECOMMENDATIONS 

8.1 Introduction 

After enjoying a tremendou. lin in infant and child mortality since the 1960s, Kenya 

witnessed an upsur •' in ·•rl ' ·hildh d mortality the late 1980s throughout the 2003 

period. The fu ·t , und rl ing the upsurge in early childhood mortality in Kenya have 

remained po rly understood. The main purpose of this thesis was to investigate the 

factors behind the upsurge in early childhood mortality in Kenya during the 1988-2003 

period. Three specific objectives were pursued: firstly, the study established whether the 

observed upsurge in early childhood mortality was indeed real and if so, the extent to 

which it increased over the study period; secondly, it made bold attempts to establish 

some of the factors associated with the upturn in infant and child mortality in Kenya 

between 1988 and 2003. Finally, it examined the factors behind the upsurge in infant and 

child mortality in the high and low HIV prevalence zones in Kenya. 

A number of steps were undertaken to address the main aim of the study. Firstly, 

literature review was done to identify potential factors that could be responsible for an 

upsurge in infant and child mortality in Kenya. The Mosley and Chen (1984) theoretical 

framework was used to guide the specification of variables for inclusion in this study. 

Finding h wed that the up urge in infant and child mortality was not a con equenc f 

th d t ri ration in data quality or measurem nt err r. An a e m nt of dat quality [I r 

nrly childho d m rt lity timati n und that th c mpl t n · r 

hildren Jm t uni er I in Ken . >~r· ind 

h pin ov r II p nt t \\ m n 1 ' 1 
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reporting their ages within the correct terminal digits. Age reporting for children revealed 

some heaping at months 12, 1 , 24 nd . H wever the effect of age heaping at month 

12 could only have 1 d to n un l r, t t mcnt of the level of infant mortality and thus it 

could not be r p nsibl I )f tl · up ·ur c. Further, while there was heaping at months 12, 

18, 24 und , th ·11~ t f thi bias on child mortality estimation is negligible since all 

these age· ar c n enti nally part of child mortality estimation. 

Likewise, parity increased with the age of the mother as is conventionally expected - a 

pointer to the high quality of mortality data used in this study. Further, as expected, an 

analysis of age ratios revealed that in general, there were little perturbations in the 

calculated age ratios from 100 - a further pointer to the fact that the upsurge in infant and 

child mortality is unlikely to have been a consequence of poor data quality. Age heaping 

on terminal digit 0 and 5 was also low as shown by the computed Myer's Indices. The 

framing of questions remained basically the same in all the three rounds of KDHS and 

thus the upsurge could not have been a product of measurement errors. Earlier studies 

also failed to confirm the assertion that poor data quality explained the upturn in 

childhood mortality in Kenya (Hill et al., 2004). Consequently, the upturn in early 

childhood mortality must have been genuine arising due to changes in some of the 

proximate determinant on early childho d mortality in Kenya. 

'Th yntheti lifi t bl c h rt ppr a h r 1 d th t th r \ a an up ur m in ant 

mort lit f d th p r I li irth during th pr din th 

th p lC ) li ' birth durin' th 1 -2 
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period respectively. This rise accounted for a 30 percent upturn in infant mortality during 

the 1988-2003 study period. The b 1 d upturn in infant mortality compares well with 

the 32 percent increa rd d in tandard KDHS reports (CBS, et al., 2004). 

On the contrary, child m rt lit · r ·' fr m 42.6 deaths per 1000 live births in the 1988-92 

to 46 death' p ·r 1 liv irth m the 1998-2003 time periods which was a 9 percent 

increa e for th l -200 period. The study also found that infant and child mortality 

increased when as e sed against most of the co variates that were measured in this study. 

Chapter Five apart from presenting the factors associated with infant and child mortality 

also revealed that the rise in early childhood mortality components was not by chance. 

The results from the Weibull analysis in the accelerated failure framework revealed that 

the ancillary parameter (p) for infant mortality was > 1 which implies that the risk of 

dying in infancy increased during the 1988-2003 period. On the overall, the explanatory 

variables accounted for about 55 percent increase in infant mortality which implies an 

average annual upsurge of about 3.7 percent during the study period. Further, the positive 

time dependence as shown by the W eibull AFT ancillary parameter (p) indicates that 

child mortality increased by 62 percent during the 1988-2003 study period. 

Finding fr m the regre ion decomp ition te hnique revealed that durati n f 

bre tfi eding, maternal educati n, regi nal malaria endemicity and regi nal HIV 
pr len \ ere imp rtant xpl nat ry variabl m a unting fi r th m an 

in inf: nt m rt lit b t\ e n th 1 nd 1 -2 p ri d. ndl • p rt fr m 

m tern I t hil irth t t nu t d h u h )ld \ •tlth inti th tt t 1 th 
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rest of the explanatory variables con idered in this study were significantly important in 

accounting for the period differen in m rtolity during infancy. 

When all explanatory v 1ri 1t ks w ·r added to the time variable (1988-1995 to 1996-2003 

study period), th · lik lih d rati te t satisfied p<0.001 for all the models which implies 

that the cxpltmator p \ er of the additional variables more than compensated for the loss 

in degrees of freedom. The differences in the values of explanatory variables, taken 

together, during the two periods contributed to differences in the observed infant 

mortality. Assessed on the overall, the variables considered in this study accounted for 38 

percent of the observed upsurge during infant mortality. 

The duration of breastfeeding and regional HIV prevalence accounted for the largest 

portion of infant mortality increase during the 1988-1995 and 1996-2003 period. On the 

other hand, regional malaria prevalence accounted for the greatest portion of the infant 

mortality decline during the study period. Counterfactual analysis revealed that had all 

the infants belonging to the 1996-2003 period experienced the same mean values of all 

explanatory variables as those belonging to the 1988-1995 period, then infant mortality 

could have increased by 14 deaths/1 000 live births. However, had all the infant 

belonging to the 19 -1995 period experienced the arne mean value of all explanatory 

variabl as tho e bel nging to the 19 6-2 3 time peri d then the ri in infant 

m rtality uld hav b n n gligibl (I · th n 1 d ath p r 1 liv birth . 
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On the other hand, preceding birth interval, place of delivery, whether or not the mother 

had received a tetanus toxoid during pr 1an y, ource of water supply, type of toilet 

facility, maternal education an l m I ti n t:ndcmicity though lacked significance in the 

mean differences in child m rtaltt in th two periods were all statistically significant at 5 

percent level. 

In general, maternal and paternal education both had a negative effect on child mortality 

in both periods and appeared to explain a large portion of the observed differences in 

child mortality rates in the two periods. Other factors that were significantly associated 

with child mortality in the two periods were maternal age at child birth and type of place 

of delivery. Had the children belonging to the 1988-1995 period experienced the same 

mean values of all explanatory variables as those of children belonging to the 1996-2003 

period, then child mortality would have increased by 6 deaths per 1000 live births. 

However, had all the children belonging to the 1996-2003 period experienced the same 

mean values of all explanatory variables as those of children belonging to the 1988-1995 

period, child mortality could have reduced by almost 2 deaths per 1000 live births. 

The result pre ented in this chapter did not only confi rm the existence of the upturn in 

early childh d mortali ty components but al o provided the much needed an wer 

regarding th explanatory fact r that played a critical r le in the b rved up urg . 

Wh n the high and lo\ HI alene r gi n \ cr xamin d, r ult r 

hi •h r m lrt lity rat crv d in th hi •h HI m comp r 

in th I< w f H m rt lit r t . ' [ h di cr n in in nt 111 rt lit. 
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between the two HN prevalence regions was 9.2 deaths per 1000 live births. On the 

other hand, child mortality variati n b t\ n the two HN regions was only 2.3 deaths 

per 1000 live births. 

The preceding birth int ·rval. paternal education, source of water supply, type of toilet 

facility, hou 'eh ld \ ealth index and place of delivery appeared to be important 

explanatory variable behind the infant mortality differentials between the low and high 

HN prevalence regions (p<0.05). On the other hand, maternal age at child birth, size of 

the baby at birth, source of drinking water, type of toilet facility, maternal education, 

household wealth index and place of delivery appeared to be important explanatory 

variables behind child mortality differentials between the low and high HN prevalence 

regions (p<0.05). 

Generally, socio-economic factors appeared to play the greatest role in the observed 

infant mortality differentials between the high and low HN prevalence zones while 

maternal factors exhibited the highest contribution to the observed child mortality 

differentials between the two HN regions. During infancy, socio-economic factor alone 

contributed to 59 percent increase in infant mortality between the low and high HIV 

prevalence region which was more than the total amount of the infant mortality up urge 

that wa explain d by the model during infancy (ab ut 56 percent . 

Durin hildt1 d m t m I act al n ace untc r 2 p rc nt , 

m rt lit unt l t r 
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almost 6 percent increase in infant mortality between the two HIV regions. However, 

these factors were responsible for 7 p r nt r duction in child mortality differences 

between the high and low HIV pr v 1\ n r gion in this study. 

The tudy found thol whil' a number of factors were responsible for early childhood 

mortality change\ n t all factors examined in this study were responsible for the upsurge. 

Generally, during infancy, maternal factors appeared to explain much of the upsurge in 

infant mortality. However during childhood, socio-economic factors appeared to explain 

much of the upsurge in mortality. When child mortality was analysed by HIV status, 

socio-economic factors appeared to explain much of the upsurge in mortality. Maternal 

health seeking factors appeared to have contributed largely to the decline in infant and 

child mortality during the study period. 

8.2 Policy Implications 

Given the above findings, a number of policy recommendations are proposed for 

strengthening and accelerating child survival options if the country has to meet national 

and international public health goals such as reducing the 1990 level of infant and child 

mortality rates by two-thirds by 2015 as articulated in the Millennium Development Goal 

number four. 

Th m in r<; ult r ically d 
ritic 1 r lc in ·th up ur c in inti nt and child m rt lity in this tud . h mat m 1 . 

in thi tud in lu m t !fll, l t hild birth tz the bab irth lu ti n t 
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breastfeeding and the preceding birth interval. Therefore, this study calls on policy 

makers to promote the uptake of famil planning program in order to reduce short birth 

intervals as well as prevent high ri. k bir1h' which tend to be associated with a heightened 

risk of early childho )0 d 1th ·. 

Further in a generalized HI etting like Kenya, there is need for the government with 

the assistance of de eloping partners to strengthen the prevention of mother to child 

(PMTCT) programs in order to minimise new paediatric infections. This may entail 

encouragement of intensive breastfeeding for the first six months among HN positive 

mothers and weaning of infants thereafter by introducing alternative feeding options as 

well as encouraging the use of non hormonal contraceptives among HIV positive mothers 

to postpone or limit births. Through this, fewer HIV positive children will be born but we 

shall also have fewer babies born with small size which tend to have a heightened risk of 

dying. 

It is not a surprise that the role of socio-economic factors played an increasing role to the 

upturn in mortality. This study speculates that the downturn in Kenya's economy during 

the study period with some years recording a negative growth in the GDP mu t have 

depre ed the hou ehold le el spending on health. This was further wor ened by the 

intr ducti n f the tructural adju tment program AP in the late 19 which am ng 

oth r thin • intr due d c t ·h ring in h lth and du ati n I ding t r tr n hm nt f 

di et a/., 2 2b th 

th rump t vcrty nd t bli h n 1 rd bl lth 
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insurance scheme for the poor should be enacted and implemented in government 
planning and expenditure. There i n d t1 r n increa e in budgetary allocation to meet if 
not surpass the target of 15 p r nt • nnuul budget allocation on health as passed in the 
Ahuja Declarati n and pltn lf a ·ti n f 2000. uch an increase in budgetary allocation 
will cover ·ubstuntinlt th • h alth provision to the majority poor who currently cannot 

afford any fonn f health care. 

This study also pointed out that malaria prevalence played a pivotal role in the observed 
upturn in infant and child mortality. The increased contribution of Malaria was expected 
owing to the fact that malaria resistance which was first documented in the early 1980s 
peaked by 1997 (when resistance to chloroquine ranged from 66-87 percent) even though 
it was only then that the government of Kenya changed the first line treatment of malaria 
from chloroquine to artemisinin combination therapy (ACT) for treatment of 
uncomplicated malaria (WHO et al., 2003; IAEA, 2007, Houwelling et al., 2006). While 
earlier rounds of KDHS before 2003 did not ask questions on household net ownership, 
anectodal evidence shows that there was low ownership of insecticide treated mosquito 
nets prior to the social marketing campaigns on ITN ownership that were initiated in 

early 2000 (World Bank 2012). 

Additionally, pr gram aimed at inten ifying the di tributi n of In ecticide treated 

m quit nd incr in ' n th dang r ign and arly treatment 

mlari prayin , nd th r v ct r ntr I tr t gi in high lari pr n 
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regions as well as biomedical research for malaria vaccine development need renewed 

emphasis in Kenya's health prograrnrnin . 

Owing to the fact th 1t nd micity differs from one region to another, the 

Divi i n of M tl1rin c ntr l in i technical role of implementing the national malaria 

strategic plan 'h uld \ ork \! ith other stakeholders in health in ensuring high impact 

Malaria intervention in middle and high malaria endemic zones. This among other 

things should be accompanied by culturally sensitive behaviour change and 

communication campaigns to address cultural barriers associated with ITN utilization. 

8.3 Future research 

Like Barbieri (1994), I argue that an exhaustive review of the causes of early childhood 

mortality upturn in Kenya during the 1988-2003 period cannot be adequately addressed 

by use of KDHS data alone. This study proposes that future research should entail 

triangulation of both quantitative and qualitative techniques. Alongside KDHS, other 

types of data sets for a similar study should use the Housing and Population Census as 

well as the multiple cluster indicator surveys and the Kenya integrated household budget 

survey . The u e of qualitative techniques should al o be explored e pecially in delving 

inti rmation on h u ehold level factor that could have accounted for mortality change . 

Furth r th DH m dulc ti nna1r 

ddition 1 \ ·hit in rm ti n n ur drin in \ , t r 

uppl im rt t in thi tu • in rm ti n n wh th r th uppl ' 
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or not was not included in the survey module yet it is critical in assessing the influence 
of this variable on early childh d m rt lity. Thi information needs to be included in 

future modules of KDH wm 

among low income h nas h 

th incr a ing use of water purification techniques 

·n a' ' high mortality regions (Makutsa et al., 2001). 

Additionally future tudie hould also investigate the sources of differences in infant and 
child m rtality beh een time periods or between the different HIV prevalence regions 
across the baseline hazard. One potential source of investigation is censoring. In addition, 

there is need for use of analytic models that encompass interactions on variables such as 
duration of breastfeeding and birth interval in assessing interaction effects on the 

observed mortality changes. 

The use of longitudinal data in future research on this topic will serve to provide even 
further insights on this topic. The possible such sources include the ongoing demographic 

surveillance surveys in selected sites within the country that are being coordinated by the 
INDEPTH Network. The advantage with such datasets is the availability of large datasets 
than can allow for more analysis of the different components of early childhood mortality 
beyond infant and child mortality without any lo s in the tatistical power in the re ult 

obtained. 

Th tud ' pr po th t uture DH n HI t tin, and 

lc urther an ly is n thi t pic. In thi tudy it \ s n t 

li th t lllV nd m l n \ n rl hillh d 
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mortality since not all the KDHS datasets used in this study collected information on 

these two diseases. While a regional an ly i of HIV which entailed grouping of 

provinces into whether th h i hi )h r I w IIIV provinces was used, there is a 

possibility that this c tt • • ri;uli n in it elf could have been biased due to differential 

response rates b ·tw · ·n r \InC . Future studies ought to assess the extent of participant 

non re pon 'e on Hl prevalence and if necessary re-assess the covariate effects on the 

upsurge in infant and child mortality. 

This study also proposes that future studies should consider usmg alternative 

methodologies such as lagged models to confirm whether results from such 
methodologies could be comparable to these study findings. The use of lagged models 

underscore the fact that if infant and child mortality indeed changed, it must have done so 
only after some lag since some studies have pointed out that health status is a 'stock' that 

normally provides a margin of health reserves above a critical threshold in any economy 

(Gakusi and Garenne 2007:413). 

Kenya as a country has rich demographic data and one critical issue that the researcher 

came aero s was that while the u ed datasets in this tudy were collected during an era of 
an up urge in early childhood mortality, the later dataset - pecifically the K.DH 

h w that the trend in early childh d m rtality have mce r er d and n th 

d wm ard trend . It i there£; r imp rativ {; r futur tudi t n th 

nd individu 1 t lr that plain th r vcr Is in c rl • hild m rt lit tr nd 

nt . tu 1 
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Appendix 1: A technical note on Direct estimation of Early Childhood Mortality Estimation using the synthetic life table approach 

Rationale 

In this study, the comput tti n r · rl childhood mortality is restricted to a period not 

exceeding fiv' cur· ti r t ach elected survey for several reasons: firstly, to ensure 

that the backgr tmd variable tie closely as possible to the timing of early childhood 

mortality. Second! re tricting mortality estimates to the most recent period limits recall 

biases on births and deaths (Omariba and Boyle 2007). Thirdly, in generalized HIV 

epidemic regions such as Kenya, such restrictions serve to avoid biases associated with 

mothers' death, which leads to exclusion of children of such mothers in the child 

mortality estimates (Mahy 2001; Zaba eta/., 2004). Finally, restricting births to a period 

not exceeding five years prior to survey ensures that children of older women in relation 

to those of younger women are not disproportionately represented in the sample, which 

could lead to biased estimates against the latter (Omariba & Boyle 2007). 

Method 

In this study, Stata version 11 was used to compute early childhood mortality e timates. 

Thi can al o be done in Micro oft Excel. The fir t tep entail determining all live birth 

within the fi e years preceding each urvey of tudy in month . In DHS the century 

m can be u d to c nvert the child' age in ye t th numb r f 

m nth liv db th tim intcrvi w fi r li ing hildr n. Th h d t nag 

t d th in m· nth n l wh r d ta ar mts m th r birth, imput 

uri bl th m mput . wm • t< th f t th 1t multipl birth h ' 
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heightened risk of death as compared to ingletons, this study adjusted early mortality 

estimates to include only singlet n . n fmther adjustment specific for KDHS 2003 

which is used her as an illu tr ti n wtu the exclusion of North Eastern Province for 

comparability with initi tl surv . ' ' h r' the region was not sampled. 

The ccond 'tep llfter tabulating all births for each survey data will entail constructing a 

life table. To do thi , it is prudent to get the total live births disregarding all those cases 

that have no information. Thus children with missing information on date of birth will 

have to be imputed. These total live births form the number at start. The next columns of 

the table will be the number alive at interview tabulated by months since births (i.e. from 

0-59 months). Next will be the number who died during any age interval (measured in 

months from 0-59 months). 

The next step entails computing the number of live births exposed to the risk of dying. 

This method, assumes that any child who dies after birth does so halfway through the 

interval from age x to age x+ 1. With these data, one is able to compute the probability of 

dying (nqo) by simply dividing those who died within each age interval by the population 

of live birth who were directly expo ed to the ri k of dying. It thu become easier to 

c mpute th re t of the column of the life table. One can run thi procedure by u ing 

/table c mmand in tata. The c mmand u d in thi illu trati n i 

/table a e dead if br c2- 3, .\urvival int rval ·(br 2). 

command tabl 

el ' :­

hi 
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An illustration of Early Childhood Mortality Estimates: KDHS 1999-2003 

Beg. 

Interval Total urvival Error [95% Conf. Int.] 
0 4 \-10 62 0.971 0.0024 0.9658 - 0.9753 

d> 17 99 0.9674 0.0026 0.9619-0.9720 
2 17 109 0.9637 0.0027 0.9580 - 0.9686 

16 99 0.9602 0.0028 0.9542 - 0.9653 
4 28 75 0.9538 0.0031 0.9475 - 0.9595 

41 9 19 104 0.9495 0.0032 0.9428 - 0.9554 
6 7 4066 11 89 0.9469 0.0033 0.9400- 0.9529 
7 3966 17 93 0.9428 0.0034 0.9356- 0.9491 
8 9 3856 13 90 0.9395 0.0035 0.9322- 0.9461 
9 10 3753 14 98 0.936 0.0036 0.9285 - 0.9427 

10 11 3641 9 95 0.9336 0.0037 0.9260 - 0.9405 
11 12 3537 6 100 0.932 0.0038 0.9243 - 0.9390 
12 13 3431 15 100 0.9279 0.0039 0.9199 - 0.9352 
13 14 3316 5 89 0.9265 0.0039 0.9184- 0.9338 
14 15 3222 4 91 0.9253 0.004 0.9171-0.9327 
15 16 3127 2 80 0.9247 0.004 0.9165-0.9322 
16 17 3045 1 86 0.9244 0.004 0.9161-0.93 19 
17 18 2958 1 90 0.9241 0.004 0.9158-0.9316 
18 19 2867 10 75 0.9208 0.0041 0.9123- 0.9285 
19 20 2782 2 64 0.9202 0.0042 0.9116-0.9279 
20 21 2716 0 86 0.9202 0.0042 0.9116-0.9279 
21 22 2630 0 79 0.9202 0.0042 0.9116-0.9279 
22 23 2551 0 93 0.9202 0.0042 0.9116- 0.9279 
23 24 2458 65 0.9198 0.0042 0.9112-0.9276 
24 25 2392 17 88 0.9131 0.0044 0.9040-0.9214 
25 26 2287 0 84 0.9131 0.0044 0.9040-0.9214 
26 27 2203 1 62 0.9127 0.0045 0.9035-0.9210 
27 28 2140 0 66 0.9127 0.0045 0.9035-0.9210 
2 29 2074 78 0.9122 0.0045 0.9030- 0.9206 
29 30 1995 1 86 0.9118 0.0045 0.9025 - 0.9202 
30 31 1908 0 64 0.911 0.0045 0.9025 - 0.9202 
31 32 144 0 66 0.911 0.0 5 0.9025 - 0.9202 
2 3 177 0 4 0.911 0.0 4 0.902 0.9202 
3 4 1694 0 6 0.911 0. 4 0. 02 0.9202 

1626 2 0. 11 0. 4 0. 02 • 0. 202 
I 4 0 0.911 0.004 2 • 0. 202 

7 107 • 0. I 
0 
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38 39 1253 0 80 0.9066 0.0048 0.8966- 0.9156 
39 40 1173 0 73 0.9066 0.0048 0.8966-0.9156 
40 41 1100 0 6 0.9066 0.0048 0.8966- 0.9156 
41 42 1034 0 0.9066 0.0048 0.8966-0.9156 
42 43 9 4 0 7 0.9066 0.0048 0.8966- 0.9156 
43 44 7 ) 0 73 0.9066 0.0048 0.8966- 0.9156 
44 4 h 0 84 0.9066 0.0048 0.8966- 0.9156 
45 6 0 94 0.9066 0.0048 0.8966- 0.9156 
4 47 0 64 0.9066 0.0048 0.8966- 0.9156 
47 564 0 85 0.9066 0.0048 0.8966- 0.9156 
48 4 479 2 65 0.9025 0.0056 0.8909- 0.9129 
49 50 412 0 88 0.9025 0.0056 0.8909- 0.9129 
50 51 324 0 98 0.9025 0.0056 0.8909- 0.9129 
51 52 226 0 84 0.9025 0.0056 0.8909- 0.9129 
52 53 142 0 71 0.9025 0.0056 0.8909- 0.9129 
53 54 71 0 49 0.9025 0.0056 0.8909-0.9129 
54 55 22 0 20 0.9025 0.0056 0.8909 - 0.9129 
55 56 2 0 0.9025 0.0056 0.8909- 0.9129 
56 57 0 1 0.9025 0.0056 0.8909 - 0.9129 

Notes: The calculated rates are not exact as those recorded in KDHS 2003 because the data used here were merged and relate to the period of 1999-2003. Further, KDHS calculates infant mortality by including month 12 not 11 as is conventionally recommended hence the KDHS rates are slightly higher for infant mortality. 
From the above table, one can compute the following key early childhood mortality 

rates:-

Neonatal mortality (qO): the probability of dying within the first month of live. From 

the table above this rate is computed as follows: (1-0.971 )* 1000 = 29 deaths/1000 live 

births. Thu for every 1000 live births, about 29 infants die prior to attaining their fir t 

month of life. 

Infant tortali ql: the pr bability fdying b hen -11m nth. r m th t le 

thi i c mputed b ubtr cting 1 r m th t m nth 

1 1 uJ th multiplyin • by 1 i.e. 1-0. 32 * 1( d th p r 10 liv birth . 
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Perinatal Mortality which is the difference between infant and neonatal mortality i.e. 

68-29 = 39 deaths per 1000 live birth . 

Child Mortality (hJ-'): this i ' th' probability of dying between the first and fourth 

birthday i.e. th · di1T ·r n t cen under-five mortality and infant mortality i.e. 

(98-68) = 30 death per 1000 children. 

Under-five Mortality (Oq4): the probability of dying between 0-59 months. From the 

table, this is computed by subtracting 1 from the cumulated probability of surviving at 

month 59 (l59) and then multiplying by 1000 i.e. (1-0.99541)*1000=98 deaths/1000 live 

births. 
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A~~endix II: Testing the Pro~ortionality Assum~tion: A full Model 
Infant mortalit}:: Child mortalit~ 
rho chi2 Prob>chi2 rho chi2 Prob>chi2 

Maternal age 
20-34 years 
<20 years -0.0 4 0.818 -0.019 0.01 0.923 35-49 year -0.07. .4 0.505 -0.274 2.14 0.143 Baby Size at birth 
Av./largc 
Small 0.5 0.479 -0.076 0.15 0.696 Prec. Birth Interval 
37 months+ 
<24 months -0.145 1.87 0.171 0.218 1.42 0.233 
20-34 months -0.062 0.32 0.572 -0.017 0.01 0.923 Breastfeeding period 
>20+ months 
<10 months -0.244 4.83 0.028** 0.116 0.41 0.523 
10-19 months -0.262 5.7 0.017** 0.218 1.69 0.194 Place of Delivery 
Government facility 
Home -0.042 0.14 0.708 0.245 1.77 0.184 Private Health 0.059 0.32 0.574 0.149 0.65 0.419 Facility 
Had Tetanus 
Injection 
No 
Yes -0.046 0.2 0.652 0.000 
Maternal Education 
Sec+ 
None 0.023 0.05 0.822 0.128 0.44 0.506 Primary 0.129 1.34 0.247 0.276 1.64 0.201 Paternal Education 
Sec+ 

one -0.087 0.66 0.418 0.212 1.97 0.160 Primary -0.038 0.13 0.714 0.250 1.33 0.250 HH \Vealth lode. 
Upper 
Lower 0.0 4 0.62 0.432 -0.07 0.15 
Middle -0.012 0.01 0.915 0.126 0.45 

tudy Period 
l - 2 
19 .021 
19 .126 
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~· lu tion of the Appropriateness of the Weibull Model 
lo urvi al curve- infant mortality b) Hazard curve- child mortality 
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Appendix IV: Computation ofMyer's Index 

Blended Population % Distribution Deviation of % Ignore 
from 10 signs 

0 a Column [1] Column [2] [1]*[3]+[2]*[4] [6]-10.00 in [ ] 
121 (31 (4) [5] [6] [7] [8) 

0 549 I 9 5910 13.53 3.53 3.53 
03 2 8 3598 8.23 -1.77 1.77 

2 7 3 7 3686 8.44 -1.56 1.56 
34 1 4 6 4770 10.92 0.92 0.92 
2 5 5 5 4295 9.83 -0.17 0.17 
3 17 6 4 4658 10.66 0.66 0.66 
249 7 3 4030 9.22 -0.78 0.7 
202 8 2 3820 8.74 -1 .26 1.26 
241 9 1 4939 11.30 1.30 1.3 
174 10 0 3990 9.13 -0.87 0.87 

43,696 100 12.82 
6.41 

% Deviation of% Ignore 
Distribution from 10 signs 

20 30+a Column [ I ] Column [2] [1]*[3]+[2]*[4] [6]-10.00 in [7] 

II I (2) (3] [4] [5] [6] [7] (8] 
4 5 1 9 5267 11.27 1.27 1.27 

I 346 2 8 4076 8.72 (1.28) 1.28 
:;? 

2 4 33 3 7 4328 9.26 (0.74) 0.74 ·-- ~ 

392 4 6 5172 11.07 1.07 1.07 r- ;;;-- --
335 5 5 5130 10.98 0.98 0.98 (C' 

~ 
,.. -, 

369 6 4 5520 11.81 1.81 1.81 :2!> - -; 
~tr· 

261 7 3 4451 9.52 (0.48) 0.48 
:;;· 

"' .., 
,j 

254 8 2 4620 9.89 (0.11) 0.11 ~ .... 
5274 11.29 1.29 1.29 

._, 
252 9 1 

233 10 0 4990 10.68 0.68 0.68 -c: 
48,828 104 9.71 I! :<,.t 

4.86 CJ 
$ 
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Blended Population % Deviation of% Ignore 
Distribution from 10 signs 

0 Column [1] Column [2] [1]*[3]+[2]*[4] [6]-10.00 in [7] 
(21 [3] [4) [5) [6) [7] [8) 

0 423 l 9 4559 9.76 (0.24) 0.24 
2 4 2 8 3514 7.52 (2.48) 2.48 
313 3 7 4093 8.76 (1.24) 1.24 
295 4 6 4226 9.04 (0.96) 0.96 
295 5 5 4380 9.37 (0.63) 0.63 
419 6 4 6038 12.92 2.92 2.92 
259 7 3 4263 9.12 (0.88) 0. 
245 8 2 4274 9.15 (0.85) 0. 5 
343 9 1 6175 13.21 3.21 3.21 
257 10 0 5210 11.15 1.15 1.15 

I J 46,732 100 14.56 
• [Total for Column 1]/2 7.28 


