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Abstract. In this study, we analyze clustering of infant deaths within families living in a rural part of western Burkina
Faso. The study included 9,220 infants, born between 1993 and 2009 in Nouna Health and Demographic Surveillance
System (HDSS). A clustering of infant deaths in familieswas explored by calculating observed versus expected number of
infant deathswithin families for a given family size. In addition, risk ratioswere calculated for infant deathdependingon the
vital status of the previous sibling. We observed 470 infant deaths, yielding an overall infant mortality risk of 51/1,000
births. Clustering of infant deaths within families was observed (P = 0.004). In smaller families, the mortality of firstborns
was higher than for the following siblings. The infant mortality risk was higher when the preceding sibling died in infancy
(P= 0.03). The study supports the hypothesis of infant death clustering existingwithin rural families inWest Africa. Further
studies are needed to shed more light on these findings with the goal to develop effective interventions directed toward
the families who already lost a child.

INTRODUCTION

Globally, infant mortality has decreased from an estimated
63 deaths per 1,000 live births in 1990 to 32 deaths per 1,000
live births in 2015.1 However, the risk of a child dying before
completing the first year of life in 2015was highest in theWHO
African Region (55 per 1,000 live births), more than five times
higher than in the WHO European Region (10 per 1,000 live
births).1 Progress is needed to meet the Sustainable Devel-
opment Goal of Good Health and Well-being (SDG 3) on
infant survival, particularly in high-mortality countries of sub-
Saharan Africa (SSA).2,3 To achieve the SDG of an under-five
mortality risk of a maximum 25 deaths per 1,000 live births by
2030, a total of 47 countries need to make substantial prog-
ress, 34 are located in SSA, among them Burkina Faso.3

In societies with high mortality and high fertility, there is
evidence that mortality increases with family size and that
clustering of deaths occurs within families.4–7 High correlation
in infant mortality among siblings is partly attributed to short
birth intervals.8–10 In many countries, sufficient birth spacing
hasbeenpromoted throughmother–child health programs, as
this is perceived to be beneficial for the health and well-being
of mothers and children.11 Death clustering has been un-
derstood as a phenomenon in which greater heterogeneity
exists in the distribution of child deaths between families than
would be expected if deaths were distributed randomly. In-
vestigating this issue in Kenya, Omariba et al.6 showed that
the death of the immediately preceding child had a substantial
and significant effect on the probability of death of the next
child in the family even after adjustment for child-level vari-
ables (e.g. multiple birth, birth order, birth interval, and ma-
ternal age) and family-level factors (e.g. maternal/paternal
education, ethnicity, and religion).
Until now, the topic of infant death clusteringhas rarely been

analyzed andmostly been considered with retrospective birth
history data from Demographic and Health Surveys (DHSs).
Health and Demographic Surveillance Systems (HDSSs) have
the advantage that data are continuously collected over a long

time, thereby accounting for all births and deaths occurring
within the study area.12

It is the aim of this study to investigate clustering of infant
mortality with regard to the following questions: 1) is there
infant clusteringwithin certain families?2) Is thebirth order of a
child associatedwithmortality? 3) Is themortality risk of a child
higher, if the directly preceding sibling died in infancy?

MATERIALS AND METHODS

Study area. The Nouna HDSS, a member of the In-
ternational Network for the Demographic Evaluation of Pop-
ulations and their Health (INDEPTH),13,14 is located in a rural
area of North-Western Burkina Faso and comprises about
90,000 people in 2010, living in the semi-urban town of Nouna
and 58 surrounding villages. Since 1993, its population is under
continuousdemographicsurveillance.Most inhabitants live from
subsistence farming. All households in the study area are visited
three times per year to register vital events such as births and
deaths, and in- and out-migration.12,13,15 Health services in the
HDSS area consist of one district hospital in Nouna town and 18
peripheral health centers.
Study population. In this analysis, we considered infant

deaths, that is deaths that occurred between birth and the first
birthday, of children born in the calendar period 1993–2009
within the rural part of Nouna HDSS (excluding the town of
Nouna). Children were included if the complete birth history of
the mother was available. This implies that the first child of a
mother was born in the HDSS after January 1, 1993, and the
mother stayed within the study area from that time onward.
Mothers who emigrated out of the study area were excluded
from analysis because the information about the vital status of
all her children could not be ensured. The inclusion criteria in
Figure 1 were set to investigate families (mothers are consid-
ered to constitute the family-level) with continuous birth order.
There were 6,614 mothers whose first child was born in the

rural area of Nouna HDSS between 1993 and 2009. Of these,
3,728motherswith 9,220 children fulfilled the inclusion criteria
for objectives 1) and 2) of livingwithin the study area for the full
observation period. Concerning objective 3), the first child had
to be excluded from the analysis because considered children
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had to have at least one older sibling, which left 2,352mothers
with 5,437 children for analysis.
Statistical analysis. To investigate possible clustering of

infant deaths within families, objective 1), the expected num-
ber of families with i infant deaths (EXPij) per family size j was
estimated under the assumption of no clustering as follows:

EXPij ¼mj

�
j
i

��
1�pij

�ip j�i
ij ,

with pij =
dj

mj
, where dj is the number of infant deaths in families

with size j and mj is the number of children in families of size
j.This is comparedwith theobservednumber of i infant deaths in
familiesofsize j (OBSij). Toassesswhetherstatisticallysignificant
infant death clustering exists, we calculated χ2 as follows:
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To avoid very small numbers we combined two or more
infant deaths within a family into one group. This yields a χ2

value with 10 degrees of freedom.
To evaluate if the order of the child is associated with the

infant mortality risk (objective [3]), we calculated how often
infant death occurred in the kth child of a family, stratified by
total number of live births of a family. Twins andmultipleswere
assigned the same birth order.
For objective 3), we calculated infant mortality risks for the

subgroup of 5,437 children with existing older sibling, and
estimated the mortality risk ratio of both groups, where the
previous sibling died or did not die as infant. If the kth child had
preceding twins, one ofwhich died and the other survived, this
child was assigned as “older sibling died.”
All analyses were generated using SAS/STAT® Software,

Version 9.4 of the SAS System for Windows.16

RESULTS

The mean number of children per family in our analysis for
the observation period January 1, 1993, until December 31,
2009, was 2.5 [median = 2, range 1–10]. It must be noted that

the end of observation date was before the end of the re-
productive phase formanywomen in the study; therefore, this
number must not be interpreted as the mean number of births
per woman. With 470 observed infant deaths in 9,220 births,
the overall infant mortality risk was 51.0 per 1,000 live
births (95% confidence interval [CI]: 46.5–55.5). The dataset
included 222 multiples (108 twins and three triplets), from
which 32 twin siblings died.
Table 1 summarizes live births and infant mortality in the

study population by family size. In total, 3,311 (88.8%) families
experienced no infant death. Of the 470 infant deaths, 21.7%
occurred in families with two and more infant deaths. The
observedand theexpected (in italics)numbersof infant deaths
per family are shown. For example, among the 390 families
with four live births, therewere 86 infant deaths. Among these,
we observed 317 families with no infant death, 61 families with
one death, 11 families with two deaths, and one family with
three deaths of four births, whereas only 6.5 families were
expected to experience two or more deaths, given “overall
mortality in families with four children.”
The overall chi-square test statistic was 26.1 with 10 de-

grees of freedom and the corresponding chi-squared test re-
sults in a P-value of 0.004.
Table 2 shows the birth order of the deceased infants,

stratified by total number of live births (objective 2). For ex-
ample, among all families with four live births, we observed 86
deaths in total, of which we found 31 deaths of the first child,
23 deaths of the second child, and so on. For smaller families
(£ 4 live births), the mortality of firstborns seemed to be higher
than that for the following siblings, whereas for larger families
no clear pattern was seen.
Regarding research question 3), children with an existing

older sibling were analyzed. We observed 5,437 children,
where 258 infant deaths occurred. To investigate whether a
child had a higher infant mortality risk if the preceding sibling
died as an infant, a cross-classification of infant deaths (Yi) by
survival status of the preceding child (Yi−1) is presented in
Table 3. The observed conditional probabilities p1 andp0 of an
infant death given that his/her preceding sibling had died or
survived, respectively, are as follows:

p1 ¼ PðYi ¼ 1 j Yi�1 ¼ 1Þ ¼ 0:073 and

p0 ¼ PðYi ¼ 1 j Yi�1 ¼ 0Þ ¼ 0:046;

Children whose older sibling died in infancy were 1.6 times
more likely to die in the first year of life than children whose
older sibling survived (RR = 1.58; 95% CI: 1.1–2.5; P = 0.03).

DISCUSSION

The present study showed a significant clustering of infant
mortality within families in the rural area of the Nouna HDSS
and children whose older sibling died in infancy were at sig-
nificantly increased risk to die in their first year of life. Our
results suggest that being the first child in the family may be a
risk factor to die in infancy.
In the study area, several risk factors for infant mortality

have been identified in previous studies: age of the mother at
birth of the child, death of themother, being a twin, insufficient
birth spacing, being born in the rainy season, specific areas of
residence, ethnicity, and distance to the nearest health
center.10,17–20 A recent follow-up study in the Nouna HDSS

FIGURE 1. Flowchart of participant inclusion and exclusion criteria,
rural Nouna Health and Demographic Surveillance System (HDSS),
1993–2009.
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studyarea showed that thepreviously identified risk factors for
infant mortality decreased over time, but infant mortality has
remained unacceptably high,21 supporting the idea for further
investigations into the risks of infant mortality. Household
wealth, which is suspected to play a major role in infant death
clustering,22 was recently analyzed in the Nouna HDSS, but
was found to not affect infant and child mortality in the rural
Nouna HDSS.23

The finding of this study is in line with other literature, where
mortality clustering was found in SSA22. Kuate-Defo and
Diallo22 stated that infant and early childhood mortality levels
in Africa are ascribed to a concentration of child mortality
within particular families. They also claimed the survival status
of the preceding child as the principal determinant of mortality
concentration which is in line with a recent study from Ban-
gladesh, where the authors found that the risk of under-five
death was significantly higher in children whose mothers re-
ported a previous death of a sibling.24

The finding that mortality risk of firstborns was higher than
that for the following siblings in smaller familieswas in linewith
the study results of Van Malderen et al.9 who found that in 13
African countries, the first child and the fifth or later in birth
order had a higher risk of death. Also a large study in India

found that infant mortality risk was higher when the preceding
sibling had died as an infant, as compared with when the
preceding sibling survived.4 They found that the pattern of
effects shows no obvious relation with the socioeconomic
status of the families and highlight the role of short birth
intervals.
In a study in Kenya, the authors investigatedwithDHSdata

in detail why mortality risks for infants differ between fami-
lies.6 Omariba et al.6 examined the extent of death clustering
by analyzing the sequence of births and deaths in a family
and found also substantial clustering of infant deaths in
certain families, whereas most families did not experience
any death, similar to our results. The authors report that the
risk of death for siblings close in age is more likely than for
those further apart. They suspected that there is a causal
process in which the death of an immediately previous child
increases the risk of death of the next child in the family. Few
families contributing to the high percentage of infant death
were also determined in a study in Nigeria with high risk of
infant death showing that if there was prior neonatal death in
a family, then the probability of death for index neonate is
seven times more likely, than neonates from families with no
previous neonatal death.25

TABLE 1
Distribution of infant deaths per family, rural Nouna Health and Demographic Surveillance System, 1993–2009

No. of live births
per family

Infant deaths per family

No. of families Infant deaths χ2 Mortality risk per 1,0000 1 2 3 4 ³ 2*

1 OBS 1,305 46 – – – – 1,351 46 – 34.1 (24.4–43.7)
EXP 1,305.0 46.0 – – – –

2 OBS 801 72 5 – – 5 878 82 5.5 46.7 (36.8–56.6)
EXP 798.0 78.1 1.9 – – 1.9

3 OBS 532 99 7 0 – 7 638 113 0.1 59.0 (48.5–69.6)
EXP 531.5 100.2 6.3 0.0 – 6.3

4 OBS 317 61 11 1 0 12 390 86 6.9 55.1 (43.8–66.5)
EXP 310.9 72.6 6.3 0.2 0.0 6.5

5 OBS 226 42 8 1 1 10 278 65 7.0 46.8 (35.7–57.9)
EXP 218.8 53.7 5.3 0.2 0.0 5.5

6 OBS 87 26 9 0 0 9 122 44 4.2 60.1 (42.9–77.3)
EXP 84.1 32.3 5.2 0.4 0.0 5.6

7–10 OBS 43 22 6 0 0 6 71 34 2.4 65.8 (44.4–87.1)
EXP 47.3 19.8 3.5 0.4 0.0 3.9

Total – 3,311 368 46 2 1 49 3,728 470 26.1 51.0 (46.5–55.5)
OBS = observed number of infant deaths; EXP = Expected number of infant deaths; estimated by binominal distribution given row total. χ2 test based on entries in shaded cells.
* Combined groups with ³2 deaths for calculating the χ2 statistics.

TABLE 2
Infant deaths (N = 470) stratified by birth order of a child, rural Nouna Health and Demographic Surveillance System, 1993–2009

No. of live births
per family

Birth order of deceased infants per family

1 2 3 4 5 6 7

1 OBS 46 – – – – – –

Percent 100.0 – – – – – –

2 OBS 55 27 – – – – –

Percent 67.1 32.9 – – – – –

3 OBS 50 43 20 – – – –

Percent 44.6 37.5 17.9 – – – –

4 OBS 31 23 19 13 – – –

Percent 36.1 26.7 22.1 15.1 – – –

5 OBS 16 12 26 7 4 – –

Percent 24.6 18.5 40.0 10.8 6.2 – –

6 OBS 7 10 7 11 8 1 –

Percent 15.9 22.7 15.9 25.0 18.2 2.3 –

7–10 OBS 4 7 7 5 4 6 1
Percent 11.8 20.6 20.6 14.7 11.8 17.7 2.9

OBS = observed number of infant deaths; Percent = row percentages.
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The reasons for infant death clustering in Nouna HDSS are
still unclear. Possible reasons among other within-family risks
aremother’s level of education, insufficient economic resources,
parent’s attitude toward health or care-seeking behavior, eth-
nicity, and accessibility of health center.4,6 Edvinsson and
Janssens26 underline that becauseof the complexphenomenon
related to high-risk mothers, adequate methods have to be de-
veloped and large datasets are needed. In a recent review, van
Dijk27 emphasized that early-life mortality clustering usually oc-
curs in a limited number of high-mortality families, which is in line
with the findings from our article. It has to be underlined that
families play a more important role for death clustering than
communities. Still unknown is whether the same characteristics
put infants and children at risk in both high- and low-risk families,
or if there are specific explanations for mortality in high-risk
families.Thesequestionsareessential formakingprogress in the
field of early-life mortality clustering in families. In addition, it has
been reported that fathers may also play an important role and
should therefore be considered in more detail. This might be
especially important with regard to health policy. Moreover, van
Dijk27 argues that the timing of death is related to the cause.
Post-neonatal deaths may be more strongly related to factors
such as childcare and other exogenous characteristics such as
e.g. wasting, diarrhoea, and respiratory diseases, whereas
perinatal deaths are assumed to be related to factors experi-
enced during pregnancy and to health and genetic problems in
affected families. Further research on the causes of death in
relation to time of death in high-mortality families may help to
disentangle the mechanisms of death clustering of children.
Strengths and limitations. It is an advantage of this study

to be based on an HDSS site that continuously collected data
for 17 years and provides data on mothers with a continuous
and complete birth order. However, only mothers who got
their first child in Nouna HDSS could be considered and
mothers who migrated out of the HDSS area or already had
their first child when theymoved to the study area or when the
HDSSwas initiated had to be excluded from analysis. Another
limitation is that perinatal deaths are underreported in coun-
triesofSSA,which is also true for theNounaHDSS.12Reasons
are that the households are only visited every 4 months, and
that women might not want to report early deaths for cultural
reasons.
It should be noted that the χ2 test we used to test for clus-

tering within families is in fact conservative because it simply
tests the departure from the binomial distribution. In our data,
we observe a departure in a particular direction, pointing to
more familieswith zero infant deaths orwithmany deaths, and
less families with one death than expected.
Conclusions. The study investigates clustering of infant

deaths within families in the rural Nouna HDSS. Being born as

first child and the infant death of a previous sibling are im-
portant risk factors for infant mortality. Because it is difficult to
uncover the mechanisms associated with the death of a pre-
vious sibling and clustering of infant deaths in certain families,
further analytical studies are needed to investigate these
findings and to develop interventions to identify and support
particularly vulnerable families. Interventions might be di-
rected toward families who already lost a child, to encourage
care-seeking.
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H, 2015. Decreasing disparities in infant survival using

surveillance data from Burkina Faso. Am J Trop Med Hyg
92: 1038–1044.

22. Kuate-Defo B, Diallo K, 2002. Geography of child mortality clus-
tering within African families. Health Place 8: 93–117.

23. Schoeps A, Souares A, Niamba L, Diboulo E, Kynast-Wolf G,
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