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Abstract
Family planning programmes in sub-Saharan Africa (SSA) often disseminate the proposition that birth
spacing improves child survival. Yet, there are few examinations of this hypothesis that benefit from
longitudinal data. This paper addresses this gap using 15 years of prospective data from three rural districts
of Tanzania. The effect of birth interval durations on the risk of childhood mortality was estimated by
fitting Weibull parametric hazard regression models with shared frailties to a dataset that comprised
records of reproductive events and their succeeding survival trajectories of 25,762 mother-child dyads that
lived in the sentinel areas of the Ifakara and Rufiji Health and Demographic Surveillance Systems from
2000 to 2015. The analysis was motivated by two hypotheses: First, that relatively short subsequent and
preceding birth intervals would be associated with heightened risks of child mortality; however, that the
effects of short subsequent birth intervals would be most pronounced among children between 12 and 59
months of age; and second, that the effects of short preceding birth intervals would be most acute during
the neonatal and post-neonatal period. Results, which were adjusted for confounder effects at the
individual, household, and contextual levels, demonstrated significant associations between subsequent
and preceding birth interval durations and childhood mortality risk. Regarding subsequent birth intervals,
relative to birth spacing of less than 18 months, durations 24–35 and ≥36 months were associated with
1–5-year-old mortality risks that were 0.29 and 0.21 times lower. Relative to preceding birth intervals of
less than 18 months, those of 24–35 months were associated with a neonatal mortality risk that was 0.48
lower. Compared to the same referent group, preceding birth intervals of 18–23, 24–35, and ≥36 months
were significantly associated with 12–23-month-old mortality risks that were 0.20, 0.39, and 0.33 times
lower. The findings are compared with those from similar studies held in SSA, and the potential for family
planning programmes to contribute to improved child survival in settings, such as Tanzania, is discussed.

Keywords: Birth spacing; child mortality; longitudinal analysis; Tanzania

Introduction
Globally, child mortality has declined appreciably since 1990, however, geographic disparities exist
(Liu et al., 2016; Taylor et al., 2020). It remains heavily concentrated in sub-Saharan Africa (SSA),
where children are between six and 15 times more likely to die compared to children in more
developed regions (Sharrow et al., 2022). In 2019, the child mortality rate in the SSA stood at 76
per 1,000 live births, translating into approximately one in 13 children dying before age five
(UNICEF &World Health Organization, 2020). Numerous studies have attributed child mortality
to preventable causes such as diarrhoea, pneumonia, malaria, and poor nutrition, which can be
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avoided if health systems invest in a few effective interventions (Bryce, 2003; Vaivada et al., 2022).
As SSA governments have scaled up such interventions (Gera et al., 2016), observers have pointed
out the lack of commensurate and sufficient attention toward family planning (Jacobstein et al.,
2009; May, 2017; Dodson et al., 2022; Sully et al. 2022). This is despite recommendations that
contraception is a cost-effective and high-yield intervention to improve child survival (The World
Health Organization, 2013; World Health Organization, 2007).

Guidance on the benefits of family planning for children is based on findings that intervals
shorter than 36 months and longer than 59 months are associated with elevated risks of child
mortality and other adverse outcomes (Hobcraft et al., 1985; Cleland et al., 2012; Conde-Agudelo
et al., 2012). In general, findings on the birth spacing-child mortality relationship have been
consistent, with research having demonstrated it in a variety of developmental and geographic
contexts over decades (Cleland & Sathar, 1984; Miller et al., 1992; Curtis et al., 1993; Ronsmans,
1996; Whitworth and Stephenson, 2002; Becher et al., 2004; Fotso et al., 2013; Molitoris, 2017).
Most of these investigations have focused on the effects of children’s preceding birth intervals
(PBI) (e.g., Rutstein, 2005; Islam et al., 2022). In 2008, Rutstein et al. pooled data on over one
million births from 52 Demographic and Health Surveys and conducted analyses, which reported
that PBI less than 24 months was associated with a 60% increase in mortality risk during infancy,
while those between 24 and 36 months face a 10% increase, compared to those born after intervals
of four years (Rutstein, 2008). The effects of short subsequent birth intervals (SBI) have received
less attention. This is so, in part, because of the need to circumvent the challenge of reverse
causality, which may arise if the death of a child is the cause rather than the outcome of a short
SBI. However, large cross-national studies have found that short SBI are associated with a two-fold
risk of death between the ages one and two and smaller effects during late childhood (Hobcraft
et al., 1985). Koenig et al. (1990) reported that for mortality during children’s second and third
year, risks decline systematically with longer SBI (Koenig et al., 1990).

Despite the evidence base, there remains a tendency to overlook family planning as a strategy to
prevent child deaths, particularly in SSA. This has been attributed to attitudes of African
policymakers, the influence of donors and competing priorities, and challenges inherent in
evaluating family planning programmes (May, 2017). In addition, research findings on the birth
spacing-child mortality relationship still elicit a degree of doubt (Klebanoff, 2017). This paper first
reviews grounds for such scepticism and then presents an analysis of data compiled in rural
Tanzania between 2000 and 2015 that assesses whether SBI and PBI durations are associated with
childhood mortality.

Birth interval duration and child mortality: mechanisms and measurement

Over time, researchers have questioned explanations for the adverse consequences of a short birth
spacing for child survival. These explanations have centred on three causal mechanisms: biological
effects related to the ‘maternal depletion syndrome’, behavioural effects that arise from
competition between closely spaced siblings, and disease transmission in overcrowded households
(Palloni and Tienda, 1986; Winikoff and Castle, 1987; Whitworth and Stephenson, 2002). The
maternal depletion syndrome refers to a pattern of closely spaced pregnancies that provides
inadequate time for the mother to fully recover from the physiological and nutritional demands of
childbearing, delivery, and breastfeeding (Zhu et al., 1999). Under such circumstances, an
inhospitable intrauterine environment in the succeeding pregnancy may increase the likelihood of
child loss. Although this relationship is buttressed by strong empirical support from studies
in both high- and low-income countries (Conde-Agudelo et al., 2006; Davanzo et al., 2008),
studies from high-income countries (Sweden, Australia, and Canada) have called it into question.
These drew upon longitudinal datasets and a case-cross over design in which intervals with
adverse outcomes were compared against other birth intervals from the same mother that did
not have adverse outcomes (Ball et al., 2014; Class et al., 2017; Erickson and Bjerkedal 1978;
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Hanley et al., 2017). Although these analyses found no association between short PBI and child
health, they could not adjust for unmeasured factors that change between pregnancies, had limited
sample sizes, and took place in wealthy countries. Sibling competition rests on the hypothesis that,
in settings of scarce resources, close spacing produces conditions in which one child is prone to
suffer from limited investments in food, care, and nutrition. Research on this mechanism has
taken place in low-income contexts and suggested that this tendency is less influential than
prenatal factors (Boerma and Bicego, 1992). Other studies in low-income environments have
suggested that closely spaced births may contribute to overcrowding and, thereby, help facilitate
the transmission of infectious disease (Aaby, 1988).

Sceptics have raised concerns regarding common causes that might give rise to both short
intervals and child mortality. A salient example of one such common cause is truncated
breastfeeding, which deprives an infant of crucial nutrients and accelerates mothers’ return to
fertility after giving birth (Molitoris, 2018a). However, studies that controlled for breastfeeding
durations found that the link between short intervals and child mortality persisted (Kuate Defo,
1997; Manda, 1999; Retherford et al., 1989). High-income country studies, such as those
mentioned above from Sweden, Australia, and Canada, have suggested that endogeneity due to
residual confounding of unobservable maternal and household characteristics has biased estimates
of the ‘birth spacing-mortality’ association. In response, Molitoris (2017, 2018b) employed the
same statistical approaches using data from 19th-century Sweden and contemporary Bangladesh
and found that shorter birth intervals increased the risk of childhood mortality (Molitoris, 2017,
2018b). Other studies which employed a ‘within family’ fixed effects approach found that
associations between birth intervals and mortality remained (Mayo et al., 2017; Shachar et al.,
2016). Other studies have addressed the endogenous effects of mother-specific factors through
random-effects models, showing that it makes little difference for the association of interest
(Curtis et al., 1993; Whitworth and Stephenson, 2002). Kozuki and Walker (2013) used 47
Demographic and Health Survey (DHS) datasets to examine the effect of PBI length on neonatal
and child deaths employing conditional logistic regression. This study reproduced findings
reported that shorter birth intervals are associated with higher child mortality, but that negative
impacts may only occur in high parity births (Kozuki and Walker, 2013). Kravdal (2018)
addressed the same challenge by fitting multilevel-multiprocess models that control for time-
invariant observed mother-level characteristics using DHS data from 28 countries in SSA. This
analysis concluded that avoiding a short birth interval reduces the risk that an index child will die,
but that the effect is weaker than suggested by simpler models (Kravdal, 2018). Finally, Molitoris
(2019) controlled for unobserved heterogeneity by estimating within-family linear probability
models on 4.5 million births from 77 countries captured in 207 DHS datasets. This study reported
that intervals shorter than 36 months increased the probability of infant death, however, this
relationship varies regionally, with adverse effects concentrated in settings at low levels of
development (Molitoris et al., 2019).

Doubts about the benefits of birth spacing for children also relate to studies’ disproportionate
dependence on retrospective surveys. For example, of the 65 studies highlighted in the influential
systematic review of Rutstein (2005), 62 used data from birth histories from the DHS, which are
vulnerable to biases that stem from the omission of dead children and misdating of births (Potter,
1988; Pullum, 2006; Rutstein, 2005). Fotso and colleagues (2013) reported on an extension of this
systematic review in which they relaxed eligibility criteria to allow consideration of 18 additional
studies that used registration, prospective cohort, or demographic surveillance data. Of these, only
four were conducted in SSA and all before 2000. Doyle et al. (1978) found no significant difference
between the mean PBI of index children in western Nigeria who died and those who survived
(Doyle et al., 1978). A study using prospective data from 1974–1981 in rural Kenya reported no
effect of a short PBI on index children’s survival and could not establish effects of SBI (Boerma and
van Vianen, 1984). Ronsmans (1996) utilised longitudinal data on children born in rural Senegal
between 1983 and 1989. Results indicated that PBI of less than one year were associated with
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higher risk of neonatal and post-neonatal mortality, that PBI between one and two years had no
effect, and that children with SBI less than two years faced mortality risks that were four-fold
higher than their counterparts with longer SBI (Ronsmans, 1996). A fourth study used
surveillance data from Burkina Faso compiled between 1992 and 1999 and found that PBI of less
than 18 months raised the risk of infant mortality by 36% but had no effect later in childhood, and
that SBI of less than 18 months was associated with a 1.5 times higher risk of mortality between
ages one and five (Becher et al., 2004). Fotso and colleagues (2013) analysed data on 13,502 births
from 2003 to 2009 compiled by the Nairobi Urban Health and Demographic Surveillance System.
Their study reports that a PBI less than 18 months is associated with a two-fold of infant mortality
risks, while a PBI between 18 and 23 months increases this risk by 18%, and that children born
within 18 months of an elder sibling are more than twice as likely to die between ages one and two
(Fotso et al., 2013).

Three conclusions can be drawn from this review of the literature. Despite debates over the
mechanisms through which birth interval spacing affects child survival, a considerable and
methodologically diverse body of evidence points to a strong relationship, especially in low-
income country settings. Second, this finding is overwhelmingly reliant on retrospective data, and
while the few longitudinal analyses generally corroborate findings of an association, their results
are not consistent. Third, longitudinal investigations of the child mortality response to birth
spacing in SSA are few, mostly dated and were conducted in West African countries. Though
Fotso and colleagues fill this gap, their study was situated in urban Nairobi in the 2000s, where
total fertility rates were between 2.6 and 2.8 births per woman of reproductive age (Kenya National
Bureau of Statistics & ICF Macro, 2010). These are appreciably lower than fertility levels in rural
parts of East Africa, where approximately 80% of the population in the region resided during that
period (Kamer, 2022). For example, in the study areas in rural Tanzania during this time, fertility
rates stagnated between 5.5 and 5.0 (Sheff et al., 2019). These observations gave impetus for
this paper.

Study hypotheses

This study drew upon longitudinal data on the reproductive and child survival trajectories of
mothers and childred in three rural districts of Tanzania and evaluated the effect of PBI and SBI
durations on the survival of more than 25,000 children born between 2000 and 2015. It was first
hypothesised that relatively short SBI and PBI would be associated with heightened risks of child
mortality; however, the effects of short SBI would be most pronounced among children between
12 and 59 months of age, whereas the effects of short PBI would be most acute during the neonatal
and post-neonatal period. The analysis then sought to determine whether the mortality responses
to birth spacing were moderated by certain influences: children’s year of birth, maternal age,
household socio-economic status, and birth parity. This analysis was guided by the secondary
hypotheses that the protective effect of birth spacing would be most pronounced among children
most exposed to these risk factors, that is, among children born during early years of the cohort
and before large investments in child mortality reduction interventions, those born to adolescent
mothers, those born in relatively poor households, and children whose births were high parity.
The results of this secondary analysis are presented in Appendix C.

Methods
Data and setting

The data for this study came from the Ifakara and Rufiji Health and Demographic Surveillance
Systems (HDSS) in Morogoro and Pwani regions of Tanzania (Geubbels et al., 2015; Mrema et al.,
2015). In 2011, the Ifakara HDSS covered approximately 238,000 people in 68 communities of
Kilombero and Ulanga districts. The Rufiji HDSS covered approximately 124,000 residents of
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33 communities. Between 2000 and 2015, both HDSS collected birth, death, migration, and
marriage data continuously in all households through visits conducted in four-month intervals
from 2000 to 2012, and six-month intervals subsequently. In biennial intervals, censuses were
conducted to enumerate old and new households, validate data on new household formation, and
update data on socio-demographic characteristics of households.

This study analysed HDSS data compiled from 2000 to 2015, a period during which child
mortality in the study population declined by 45% (Kanté et al., 2016). Included were
prospectively recorded reproductive events experienced by women who were residents of
households in the HDSS areas and were 15–18 at the onset of surveillance activities. All births
were included, whether singleton or multiple births, if they were of children of HDSS-registered
mothers. Data permitted calculation of person-months of observation of children who were
considered recorded exits and re-entries into the sentinel population, transitions to 60 months of
age as of the end of the cohort, and loss to follow-up. Data were subject to right censoring if under-
five-year-old children remained active in the cohort when surveillance operations ended on
December 31, 2015.

SBI and PBI were measured as the number of months between the date of birth of the index
child and the date of birth of the subsequent and preceding children, respectively. In both analyses,
SBI and PBI durations were represented as a five-category polytomy: first born/last born/only
child (i.e., no interval of interest), and intervals less than 18 months, 18–23 months, 24–35
months, and 36 months or higher. Since this is different from the WHO recommendation of 33
months between births, this paper repeated the main effect same analysis, but using the WHO
definition of short (<33 months), well-spaced (33–71 months), and widely spaced (≥72 month).
The results of this analysis are reported in Appendix B. The SBI analyses addressed the potential
for reverse causality by excluding observations of children whose duration in the population was
shorter than the period succeeding their birth and until the birth of their next-born sibling, as
suggested by an earlier analysis of this relationship that employed Bangladeshi data (Koenig et al.,
1990). Thus, for the analysis of the effect of the SBI on mortality, the study population is smaller
population (n = 23,189) than that which is used to analyse the effect of the PBI (n = 25,762).

The outcomes reported by this analysis are the relative risks of childhood mortality, expressed
as hazards ratios that are associated with differences in the categorical measure of the predictors. It
is possible to analyse effects of differences in the categorical predictors, SBI and PBI, on mortality
in the neonatal (less than one month), post-neonatal (1–11 months), early childhood (12–23
months), mid-childhood (24–35 months), and late childhood period (36–59 months). As well, it is
feasible to examine these relationships in aggregated age groups such as the post-infant period
(12–59 months). This examination emphasised different segments of the under-five course in its
analyses of the SBI and PBI relationships, respectively. Given the need to exclude many infant
deaths from the analysis of the SBI, this piece of the analysis aimed to detect potential associations
between length of mothers’ SBI and the of risk early-, mid-, and late-childhood mortality, as well
as all post-infant mortality. The PBI analysis assessed the main effect associations for mortality
risks during all segments of child mortality described above. The covariates that were captured by
the HDSS and used in the analysis were all time-invariant as they refer only to the time of
children’s entry to the cohort. See Table 1. Approximately 13% of observations had missing data
for household wealth status (n = 3,320) at the time of birth. It was established that the
missingness was distributed at random in the study population. To avoid removing potentially
valuable data, this was addressed by imputing missing values using multiple imputation through
chained equations.

Statistical procedures

Data sets from the Ifakara and Rufiji HDSS were pooled for this analysis. First, relationships
between childhood mortality and SBI and PBI lengths and other potentially confounding
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characteristics were analysed descriptively. Then, non-parametric Kaplan–Meier (KM) survival
curves were generated to inform decision-making related to the statistical model. The initial
intuition was to employ Cox proportional hazards models using death as the event of interest and
the index child’s life span until age five as the duration variable that is subject to right censoring in
cases where death is not observed. Such models were fit with the full set of covariates listed in
Table 1 for the mortality effects of SBI and PBI, respectively. Testing these models for
proportionality assumptions revealed that the full models did not meet this requirement of the

Table 1. Description and definition of the variables used in the study

Variable Levels Description

Birth-level covariates

Preceding birth interval (PBI) When predictor:
first born/only child, <18 months,
18–23 months, 24–35 months, and
36+ months (categorical).
When covariate: first born/only
child, <18 months, ≥18 months.

The difference in months between the date
of birth of the preceding child and the
date of birth of the index child.

Subsequent birth interval
(SBI)

When predictor:
last born/only child, <18 months,
18–23 months, 24–35 months, and
36+ months (categorical).
When covariate: last born/only
child, <18 months, ≥18 months.

The difference in months between the date
of birth of the index child and the date of
birth of the subsequent child.

Birth order First born, 2, 3, 4, 5 +
(numeric)

The order in which the index child falls in
terms of the order mother’s childbearing.
Also, the parity of the mother at the time
of index child’s birth.

Birth status Singleton, multiple birth (binary/
categorical)

Whether the index child was a single birth
or multiple (i.e., twin, triplet).

Sex of index child Male, female (binary/categorical) Sex of index child

Mother/household-level covariates

Mother Unique identifier Unique identifier of every mother that links
mothers across repeat observations
during the follow-up.

Maternal age <20, 20–24, 25–29, 30–34, 35+
(categorical)

Mothers’ age at birth of index child.

Marital status In-union, not in a union (binary/
categorical)

Mother was married or in-union at birth of
index child

Mother’s educational
attainment

None, Primary level schooling only,
secondary +.

Mothers’ highest level of education attained.

Household wealth Poorest to wealthiest quintile (1–5) Household wealth quintiles based on
household assets and basic amenities in
the year of index child’s birth.

Community/context variables

Birth year 2000, 2001, 2002, 2003 : : : 2015
(numeric)

A dummy variable for the index child’s year
of birth.

Village of residence Name of village (101 villages
possible)

Village of residence of mother and birth of
index child

Demographic Surveillance
System

Ifakara or Rufiji (binary/categorical) The sentinel area under surveillance of one
of the two DSS in which the index child
was born.
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semiparametric methods proposed by Cox (Abseysekera, 2009). Accordingly, the analysis
employed parametric methods. This involved comparing goodness of fit between adjusted
proportional hazards and accelerated failure time (AFT) models that specified different
parametric distributions (Weibull, lognormal, loglogistic, exponential). Such models were fit for
reporting neonatal, post-neonatal, 12–23-month and 12–59-month mortality risks that were
associated with different categories of PBI and SBI. A comparison of each model based on their
respective Akaike Information Criteria (AIC) found that the parametric Weibull AFT provided
the best fit for the SBI and PBI models, respectively. The AFT models yielded results interpretable
as the mean change in the characteristic life of the index child associated with unit differences in
levels of the predictor, i.e., accelerated (or decelerated) survival time associated with alternate
categories of SBI and PBI. Given the hierarchical nature of the data, a set of Weibull AFT models
was estimated in which frailty terms were incorporated that specified assumed distributions of
heterogeneity due to characteristics that were likely to affect the survival of subjects that were
‘clustered’ in certain groups (Kong et al., 2010). Specifically, models were compared that addressed
clustering of births within villages, mothers, and both. AICs were compared and the decision was
made to account for the effect of unobserved heterogeneity resulting from repeated observations
of birth intervals in each observed reproductive history. Conditional on this random effect, and
incorporating the fixed effect for the other covariates listed in Table 1, the model, which was used
for the main effects analysis and corresponds to the Weibull distribution, is written as:

ln�h�t=x; z� � p�tp�1� �
XJ

j�1

βj Xij �
XK

k�1

γkZik � ɛij � ɛi (1)

Weibull regression models applied in this analysis capture the underlying hazard of child
mortality that is known to be high immediately after childbirth and decline monotonically with
advancing time. In this model, t is the number of days from the birth of child i to the time s/he
exited the population due to death, outmigration, aging beyond five years, loss to follow-up, or
right censoring at the conclusion of the cohort in 2015. The conditional hazard, h(t/ x, z), defines
the risk of child mortality at time t conditional on level of the predictors on birth interval lengths,
X, and birth-level, mother/household and contextual covariates Z. Weibull distribution parameter,
p, defines the shape of the underlying hazard as time continues. The vector represented by Xij

define the J levels of birth interval length for child i (first or last born/only child, <18 months,
18–23 months, 24–35 months, and ≥36 months), and Zik comprises of the K characteristics of
child i that are included in the model for purposes of covariate adjustment (Table 1). β has the
interpretation of the ratio of the median survival times comparing different levels of birth interval
durations with those classified in the reference category (<18 months), while γ means the same,
however, comparing median survival times for different levels of covariates. Both β and γ are
vectors of parameters to be estimated by the maximum likelihood. εij and εi are error terms for the
within- and between-mother effects, respectively. To assess whether the child mortality response
to birth spacing is conditional on risk factors, incorporated into Equation 1 were vectors of
parameters for terms representing interaction between birth interval duration categories and
covariates on children’s birth year, maternal age at childbirth, household wealth status and
children’s birth order, which were also estimated by the maximum likelihood.

Tables 3 and 4 report the results of the main effect analyses as conversions of the raw
coefficients reported by the AFT model that are rendered as the ratio of the hazards of childhood
mortality for unit differences in the respective predictors. Tables 3 and 4 report the results for the
effect of SBI on mortality in all segments of post-infant mortality (i.e., early childhood, mid-
childhood, late childhood, and all post-infant mortality) and PBI on mortality risk in all under-five
age segments.

For each relationship of interest, four analyses were carried out. The first, Model 1, is the main
effect analysis, whereas Models 2–4 provided robustness checks to increase confidence in the
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analysis and assess the degree to which selection and endogeneity might have impacted the results.
Model 1 includes the key predictor (SBI or PBI) and the related covariates on children’s birth
characteristics, mother/household characteristics and community/context covariates (the full
model – see Equation 1). Model 2 only includes the key predictor and children’s birth and
community-context covariates, and Model 3 only models the key predictor as a continuous
variable and its square, which aims at estimating the effects of each additional month of SBI or PBI
on child mortality risk. Model 4 is a linear probability model for each main effect on the risk of
child mortality that is adjusted for birth year as a set of dummy variables.

Tables 3 and 4 contain results from fitting Model 1 to estimate the fully adjusted effects of SBI
and PBI on childhood mortality by age segment. The results of Models 2–4 corroborate Model 1
results and are presented in Appendix A. The results of the analysis that adopts the WHO
definition of short-, well- and widely spaced births but is otherwise analogous to the Model 1
analysis are presented in Appendix B. Finally, the results of the interaction analysis that was
performed to determine whether the main effect associations that were detected by Model 1 were
moderated by children’s birth year (Model 5), maternal age at childbirth (Model 6), household
wealth (Model 7) and children’s birth order (Model 8) are presented in Appendix C. All analyses
were conducted using in R Studio version 4.0.3.

Results
Sample characteristics and descriptive results

The relationship between the SBI and post-infant mortality was visualised after the exclusion of
children whose exit from the population occurred prior to the closure of their mothers’ SBI
(Figure 1). This revealed a clear trend in the relationship between children’s death and the timing
of the mothers’ subsequent birth, namely that after the first year, child mortality peaked among
those with younger siblings born 13–18 months after them and then precipitously declined as SBI
durations expanded.

Then, different child mortality patterns were descriptively analysed, given variation in duration
of PBI (Figure 2). Whereas levels of late-childhood mortality were relatively stable across the PBI
trajectory, a downward shift was observed among children in the neonatal, post-neonatal, and to a
lesser extent, early childhood period as PBI lengths expanded.

Table 2 presents the characteristics of the 25,762 births that took place in the study areas
between 2000 and 2015. Noticeable is the relatively high proportion of intervals that were
associated with first births, 60% (n = 15,434). This reflects the young age structure of the female
population that was subset for the analysis. 9,310 of such births were only children who never had
a sibling. Of the remainder, less than 2% of the sample were born within 18 months of their elder
or immediately younger sibling, and 3.5% between 18 and 23 months of the preceding or
subsequent birth. Approximately one-fifth of all births recorded in the HDSS took place three
years more after mothers completed their preceding pregnancy. Mortality rates, particularly in the
first year of life, were most pronounced among those with PBI less than 18 months and, in the case
of post-neonatal mortality, became lower monotonically as PBI levels increased. However, this
relationship reversed among neonates with PBI of 36 months and over: Mortality was higher
among these neonates than among neonates with shorter PBI of 18–35 months. Concerning SBI,
mortality between age one and five was most pronounced among those whose younger siblings
were born less than 18 months and between 18 and 23 months after they were born. Across all
categories of childhood, mortality risk was highest among firstborn children and declined
monotonically as birth order progressed. This was especially apparent with regards to neonatal
and post-neonatal mortality. Among neonates, mortality risk was highest among very young and
relatively older mothers; however, among children at all other stages of childhood, mortality risks
tended to be highest among mothers under 20 years of age and consistently lower among mothers
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in older age categories. Except for the neonatal period, lower socio-economic status at the
household-level tended to be associated with higher levels of mortality risk. Despite the presence
of some outliers, a similar trend was observed among children in the same categories of childhood
with respect to birth year, with higher risks of mortality tending to have occurred in earlier years.

Figures 3–5 are KM survival functions for post-infant mortality by SBI length, and for neonatal
mortality and mortality between ages one and two by PBI length. The same illustrations for all
other childhood age groups are available from the corresponding author. All curves illustrate a

Figure 1. The relationship between subsequent birth interval durations and child mortality risk among 23,189 children and
13,127 mothers in Ifakara and Rufiji Health and Demographic Surveillance Systems, Tanzania, 2000–2015.

Figure 2. The relationship between preceding birth interval durations and child mortality risk among 25,762 children and
15,291 mothers in Ifakara and Rufiji Health and Demographic Surveillance Systems, Tanzania, 2000–2015.
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Table 2. Births and mortality rates of children in Ifakara and Rufiji HDSS, 2000–2015

Births

Neonatal
mortality

(0–1 month)

Post-neonatal
mortality

(1–11 months)

Early/mid-childhood
mortality

(12–35 months)

Late-childhood
mortality

(36–59 months)

N % Count Rate Count Rate Count Rate Count Rate

Overall 25762 100 694 26.9 600 29.5 261 5.7 187 5.5

Preceding birth intervals

First born 15434 60.0 451 29.2 404 33.7 176 6.6 102 5.4

<18 474 1.9 18 38.0 15 41.5 9 11.1 3 4.8

18–23 913 3.5 22 24.1 18 24.4 7 4.2 8 5.6

24–35 3687 14.3 65 17.6 72 23.7 35 5.2 39 6.6

36+ 5254 20.4 138 26.3 91 21.7 34 3.5 35 5.0

Subsequent birth intervals

Last born 15466 60.0 NA NA NA NA 124 4.7 67 5.3

<18 475 1.8 NA NA NA NA 8 14.1 5 12.9

18–23 924 3.6 NA NA NA NA 23 14.5 17 11.4

24–35 3665 14.2 NA NA NA NA 55 8.1 42 5.5

36+ 5232 20.3 NA NA NA NA 51 5.1 56 4.8

Birth order

1 15434 60.0 431 28.2 395 33.2 176 6.7 102 5.4

2 5818 22.6 167 28.0 143 30.2 58 5.5 44 5.1

3 2691 10.4 58 21.5 39 17.6 13 2.6 30 7.0

4 1209 4.7 26 21.3 15 14.7 10 4.3 9 5.4

≥5 610 2.4 12 19.6 8 16.9 4 3.4 2 4.2

Birth status

Singleton 25653 98.5 626 24.7 584 29.1 260 5.8 187 5.5

Multiple 399 1.5 68 170.4 16 61.5 1 1.5 0 0

Child sex

Male 12983 50.4 378 29.1 308 30.1 138 6.0 99 5.8

Female 12779 49.6 316 24.7 292 28.9 123 5.4 88 5.3

Maternal age

<20 2593 10.0 79 30.5 99 50.5 34 7.9 20 6.1

20–24 8022 31.1 214 26.7 245 38.2 110 7.8 75 5.6

25–29 8856 34.3 212 23.9 171 23.5 84 5.2 73 5.2

30–34 6291 24.3 189 30.0 85 18.3 33 3.0 19 5.8

Marital status

In-union 19001 73.8 467 24.6 400 26.1 186 5.4 142 5.1

Single 6761 26.2 227 33.6 200 40.0 75 6.8 45 7.2

(Continued)
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Table 2. (Continued )

Births

Neonatal
mortality

(0–1 month)

Post-neonatal
mortality

(1–11 months)

Early/mid-childhood
mortality

(12–35 months)

Late-childhood
mortality

(36–59 months)

N % Count Rate Count Rate Count Rate Count Rate

Maternal education

None 10931 42.4 265 24.2 216 25.2 111 5.8 90 7.1

Primary 3325 12.9 93 28.0 108 41.4 45 7.8 23 5.2

Secondary + 11506 44.7 336 29.2 276 30.1 105 5.1 74 4.4

Wealth status

First 4470 19.8 113 25.3 130 37.0 53 6.6 46 8.1

Second 4539 20.1 111 24.5 119 33.0 41 5.1 51 7.8

Third 4959 22.0 138 27.8 116 290 57 7.1 30 4.0

Fourth 4538 20.1 133 29.3 104 28.7 41 5.0 32 4.8

Fifth 4036 17.9 104 25.8 80 24.7 43 5.9 19 3.5

Birth year

2000 1235 4.8 38 30.8 56 59.1 16 7.7 15 10.3

2001 1508 5.9 37 24.5 60 51.1 23 8.9 15 7.3

2002 1542 6.0 55 35.7 61 52.4 18 7.1 8 3.8

2003 1593 6.2 42 26.4 45 35.8 25 8.9 18 7.3

2004 1539 6.0 39 25.3 41 33.2 27 10.2 12 4.5

2005 1586 6.2 41 25.9 55 43.0 23 8.2 12 4.3

2006 1493 5.8 42 28.1 35 28.7 17 6.5 12 4.3

2007 1587 6.2 35 22.1 30 23.0 16 5.6 13 4.6

2008 1675 6.5 34 20.3 39 28.1 19 6.2 21 6.7

2009 1548 6.0 35 22.6 42 33.2 8 2.9 15 5.4

2010 1959 7.6 58 29.6 22 13.8 15 4.2 18 5.3

2011 2390 9.3 56 23.4 37 18.8 17 3.9 21 6.4

2012 1874 7.3 52 27.7 28 18.3 22 6.4 4 2.5

2013 1703 6.6 44 25.8 24 16.6 9 2.4 3 7.8

2014 1727 6.7 55 31.8 24 18.2 5 1.4 0 0

2015 803 3.1 31 38.9 1 4.0 1 13.1 0 0

DSS

Ifakara 15623 60.6 496 31.7 384 31.8 152 5.6 80 4.3

Rufiji 10139 39.4 198 21.8 216 26.2 109 5.9 107 7.1
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pronounced survival disadvantage for children with short birth intervals compared to
counterparts whose intervals were more widely spaced.

Multivariate analysis of subsequent birth interval and childhood mortality

To understand the effect of SBI length, Models 1, the main effects model, was fit to detect an
association with mortality in early childhood (12–23 months), mid-childhood (24–35 months)

Figure 3. Kaplan–Meier survival estimates for children 12–59 months old based on the duration of their subsequent birth
intervals. Estimates obtained from records of 23,189 children and 13,127 mothers in Ifakara and Rufiji Health and
Demographic Surveillance Systems, Tanzania, 2000–2015.

Figure 4. Kaplan–Meier survival estimates of newborns 0–1 month old based on the duration of their preceding birth
intervals. Estimates obtained from records of 25,762 children and 15,291 mothers in Ifakara and Rufiji Health and
Demographic Surveillance Systems, Tanzania, 2000–2015.
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and late childhood (36–59 months), and all post-infancy (12–59 months) (Table 3). This showed
that SBI length had no effect on death in mid-childhood, but strong effects on mortality in the
early- and late-childhood and all post-infancy. Model 1 results are reported in Table 3. Even after
removing the possibility of reverse causation in the data, the fully adjusted model, Model 1,
revealed that among children whose survival exceeded that of their respective SBI, relatively long
SBI were associated with lower mortality risks during early childhood (12–23 months), late
childhood (36–59 months) and all post-infancy. With regards to the cumulative post-infant
results, although no significant effect was detected when comparing index births with SBI of 18–23
with those that were less than 18 months, the analysis found that the risk of death between months
12 and 59 among children whose younger sibling was born between 23–35 months was 0.29 times
lower than that of those with an SBI less than 18 months (HR = 0.29, 95% CI: 0.13, 0.61). An SBI
of 36 months or greater exerted an even greater protective effect (HR = 0.21, 95% CI: 0.09, 0.44).
To assess whether this model was over-parameterised, these results were compared with those
reported by Models 2–4, which were adjusted for birth-level and contextual-level covariates only
and reported very similar results (Tables A1, A2 and A3 in Appendix A).

Figure 5. Kaplan–Meier survival estimates for children 12–23 months old based on the duration of their preceding birth
intervals. Estimates obtained from records of 25,762 children and 15,291 mothers in Ifakara and Rufiji Health and
Demographic Surveillance Systems, Tanzania, 2000–2015.
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Multivariate analysis of the preceding birth interval and childhood mortality

Model 1 was refitted to determine whether PBI was associated with mortality risk in the neonatal,
post-neonatal, early childhood, mid-childhood and late childhood. Significant effects were
reported for the main effect relationship of PBI duration on neonatal and early childhood
mortality only. See Table 4. Comparing index births with PBI that are 24–35 months with those
that are <18 months, Model 3 shows that the former had a neonatal mortality risk that was 0.48

Table 3. Results of Model 1, a parametric Weibull frailty model (hazard ratios and p-values) on the effect of subsequent
birth interval durations on early childhood, mid-childhood, late childhood, all post-infant mortality (n = 23,189)

Early-childhood mor-
tality (12–23 mon.)

Mid-childhood mortal-
ity (24–35 mon.)

Late-childhood mor-
tality (36–59 mon.)

Post-infant mortality
(12–59 mon.)

HR p-value HR p-value HR p-value HR p-value

Subsequent birth interval (ref. <18 months)

18–23 month 0.67 0.437 1.14 0.814 0.68 0.621 0.87 0.723

24–35 month 0.26 0.004** 0.44 0.131 0.22 0.034* 0.29 0.001**

36 + months 0.11 <0.001*** 0.44 0.033* 0.28 0.022* 0.21 <0.001***

Last born/only child 0.50 0.133 0.59 0.332 0.38 0.176 0.57 0.126

Birth order 0.89 0.487 1.05 0.672 1.00 0.985 0.91 0.257

Birth status (ref. singleton)

Multiple birth 2.11 0.171 NA NA NA NA 0.72 0.714

Child sex (ref. female)

Male 1.05 0.749 1.08 0.625 1.14 0.591 1.11 0.338

Mother’s age at childbirth (ref. <20)

20–24 1.18 0.534 1.21 0.518 1.10 0.843 1.13 0.445

25–29 1.36 0.450 1.74 0.182 1.84 0.373 1.45 0.188

30+ 2.13 0.171 2.19 0.167 2.93 0.248 2.15 0.064†

Mother’s educational attainment at childbirth (ref. none)

Primary 0.91 0.704 0.83 0.471 0.92 0.856 0.86 0.495

Secondary 0.45 <0.001*** 0.72 0.101 0.77 0.442 0.52 <0.001***

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union 1.78 0.002** 1.41 0.082† 1.11 0.775 1.61 <0.001***

Household wealth status quintile (ref. fifth)

Fourth 0.79 0.359 1.37 0.291 4.83 0.022* 0.93 0.737

Third 0.86 0.569 1.10 0.758 2.41 0.211 0.92 0.688

Second 0.66 0.150 2.50 0.002** 7.47 0.004** 1.23 0.314

First 1.18 0.543 2.62 0.002** 6.91 0.007** 1.65 0.017*

Birth year 1.04 0.410 1.02 0.621 1.35 <0.001*** 1.04 0.243

Scale 0.382 0.524 0.23 0.407

Gamma 2.62 1.91 4.35 2.46

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
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Table 4. Results of Model 1, a parametric Weibull frailty model (hazard ratios and p-values) on the effect of preceding birth interval durations on neonatal, post-neonatal, early childhood,
mid-childhood and late-childhood mortality (n = 25,762)

Neonatal mortality (0–1
mon.)

Post-neonatal mortality
(1–11 mon.)

Early-childhood mortality
(12–23 mon.)

Mid-childhood mortality
(24–35 mon.)

Late-childhood mortality
(36–59 mon.)

HR p-value HR p-value HR p-value HR p-value HR p-value

Preceding birth interval (ref. <18 months)

18–23 month 0.55 0.083† 0.61 0.167 0.20 0.009** 0.42 0.083† 0.85 0.833

24–35 month 0.48 0.007** 0.64 0.129 0.39 0.041* 0.67 0.258 0.64 0.528

36+ month 0.68 0.137 0.72 0.251 0.33 0.023* 0.60 0.189 0.55 0.394

First born/only child 0.62 0.085† 0.65 0.152 0.55 0.192 0.80 0.607 0.50 0.342

Birth order 0.95 0.539 0.95 0.600 1.07 0.570 0.98 0.910

Birth status (ref. singleton)

Multiple birth 8.33 <0.001*** 3.90 <0.001*** 1.96 0.543 0.786 0.814 NA NA

Child sex (ref. female)

Male 1.24 0.010* 0.95 0.525 1.06 0.653 0.92 0.464 0.87 0.569

Mother’s age at childbirth (ref. <20)

20–24 0.88 0.392 1.13 0.378 1.06 0.564 1.24 0.275 1.10 0.850

25–29 0.71 0.128 1.43 0.115 1.18 0.489 1.37 0.270 1.82 0.382

30+ 0.84 0.562 1.88 0.051† 2.10 0.160 1.79 0.159 3.07 0.228

Mother’s educational attainment at childbirth (ref. none)

Primary 1.01 0.964 1.07 0.607 0.89 0.640 0.90 0.562 0.93 0.863

Secondary 0.86 0.151 0.81 0.065† 0.44 0.001*** 0.57 <0.001*** 0.76 0.423

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union 1.50 <0.001*** 1.72 <0.001*** 1.71 0.004*** 1.41 0.081† 1.10 0.778

Household wealth status quintile (ref. fifth)

Fourth 1.17 0.247 1.10 0.558 0.80 0.401 1.14 0.198 4.78 0.022*

(Continued)
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Table 4. (Continued )

Neonatal mortality (0–1
mon.)

Post-neonatal mortality
(1–11 mon.)

Early-childhood mortality
(12–23 mon.)

Mid-childhood mortality
(24–35 mon.)

Late-childhood mortality
(36–59 mon.)

HR p-value HR p-value HR p-value HR p-value HR p-value

Third 1.10 0.484 1.07 0.651 0.90 0.710 1.27 0.474 2.38 0.216

Second 0.94 0.674 1.25 0.165 0.65 0.193 1.42 0.842 7.44 0.004**

First 0.98 0.890 1.45 0.019* 1.17 0.371 1.26 0.251 6.80 0.007**

Birth year 1.01 0.654 0.88 <0.001*** 0.95 0.421 0.95 0.166 1.35 0.001**

Scale 3.29 1.73 0.404 0.732 0.232

Gamma 0.30 0.58 2.47 1.36 4.31

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
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times lower (HR= 0.48, 95% CI: 0.27−0.77). The analysis also revealed signs of protective effects
of being a first born (HR = 0.62, 95% CI: 0 14, 1.03) and having PBI of 18–23 months
(HR = 0.55, 95% CI: 0.05, 0.98), relative to PBI of 18 months or less, on the risk of death in a
child’s first month, however those findings were only marginally significant. Regarding the risk of
dying in a child’s second year, the fully adjusted model reported that when comparing all index
children with all other categories of PBI to those with PBI less than 18 months, except for firstborn
and only children, the risk of mortality was significantly lower. Index births with PBI 18–23
months had a risk of dying in months 12–23 that was 0.20 times lower than those with very short
PBI (HR = 0.20, 95% CI: 0.06, 0.67). Similarly, the risk of dying during this period among those
with PBI 24–35 months and at least 36 months were 0.39 (HR = 0.39, 95% CI: 0.18, 0.79) and
0.33 (HR = 0.33, 95% CI: 0.14, 0.72) times lower. To assess whether this model was over-
parameterised, these results were compared with those reported by Models 2–4, which were
refitted to test the PBI hypothesis, adjusting for birth-level and contextual-level covariates only
and reported very similar results (Tables A1, A2 and A3 in Appendix A). Results of fitting the
same models, however, employing theWHO birth interval classification, are reported in Tables B1
and B2 in Appendix B. Although this analysis produced similar results for SBI as those shared in
Table 3, it did not find any statistically significant relationships between short PBI (<33 months),
well-spaced births (i.e., PBI of 33–71 months), widely spaced births (i.e., PBI> 71 months), and
child mortality. The results of the investigation of high-order interactions that was conducted in
response to the secondary hypotheses that the protective effect of birth spacing would be most
pronounced among children most exposed to these risk factors are reported in Tables C1, C2 and
C3 of Appendix C. These findings suggest that there may be a tendency for the effects of birth
spacing to be especially protective among children that were born relatively early in the 15-year
cohort compared to those born later, among children from households that were relatively wealthy
compared to those that were poorer and among children that were born to mothers that were
relatively old than among children of mothers that were younger.

Discussion
The analyses presented in this paper evaluated the relationship between SBI and PBI lengths and
child mortality in a rural East African population amid demographic change. A strength of this
work is that the data were longitudinal, which rendered it less susceptible to errors that have
biased associations between birth spacing and child death inferred from retrospective data. The
paragraphs that follow summarise this paper’s key findings vis-à-vis the hypotheses that
motivated the analysis, that relatively short SBI and PBI would be associated with heightened risks
of child mortality; however, the effects of short SBI would be most pronounced among 12–59
months-old children; and the effects of short PBI among neonatal and post-neonatal children. The
discussion contextualises the results within the literature that was previously published on this
subject and the underlying mechanisms, biological and behavioural, through which birth spacing
affects child survival and health. Finally, limitations of the analysis that is presented in this paper
and implications of findings for policy and programmes are reviewed and discussed.

This analysis reported strong effects of birth spacing on mortality among children older than 12
months, and weaker effects on mortality risk in the first year of life. Compared with children
whose SBI is less than 18 months, those whose mothers waited 24–35 months and over 36 months
had a 71% and 79% lower risk of dying between 12 and 59 months of age. This finding is
consistent with the few previous analyses that also detected substantially higher risks of dying
during the post-infant period associated with relatively short SBI (e.g., Hobcraft et al., 1985;
Koenig et al., 1990). While this finding is consistent, also, with the first hypothesis, the findings
regarding PBI were not. At variance with expectations, the analysis of main effects found that PBI
lengths most significantly affected children during their second year of life in which 80% lower
risk of mortality was conferred even by spacing between 18 and 23 months compared to the effect
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of intervals less than 18 months, with smaller protective effects exerted by PBI of 24–35 months
and over 36 months in duration. Yet, at variance with the hypothesis of a strong effect of longer
PBI on infant survival, no effect of PBI was detected regarding the risk of post-neonatal death, and
effects on neonatal death were only marginally significant or smaller than early childhood effects.
From this, it appears that in this rural, Tanzanian population, channels linking birth spacing and
child health are not mutually exclusive and can co-occur in the same settings, and that channels
may affect both the older and younger siblings. While short PBI may operate through
physiological mechanisms to the detriment of neonatal survival, the findings suggest that birth
intervals may affect children more via behavioural responses that play out later during childhood
as families contend with the converging demands of rearing multiple children, oftentimes lacking
sufficient means for doing so. This result is surprising since most studies have found stronger
effects on birth spacing on survival through children’s first year (Islam et al., 2022). Yet, these
findings echo those of Fotso et al. (2013), whose results suggest that in slum areas of Nairobi in the
2000s, sibling competition for scarce parental and household resources may be a more important
pathway of influence than maternal depletion (Fotso et al., 2013).

Although the relationship between inter-pregnancy intervals and child survival is well-
established in the literature, there is less empirical evidence on the links between closely spaced
childbearing, between-sibling inequities in care and resource allocation, and morbidities that can
heighten child mortality risk. Dewey and Cohen (2007) assessed evidence from 52 studies and
reported that approximately half found that PBI of at least 36 months was associated with a
10–50% reduction in childhood stunting and wasting, whereas the remaining studies found no
association or were inconclusive (Dewey and Cohen, 2007). Rutstein’s analysis of 52 DHS surveys
that were conducted from 2000 to 2005 found a consistently positive association between birth
interval durations and child nutritional status outcomes (Rutstein, 2008). Fink and colleagues
synthesised data sets from 153 DHS across 61 countries conducted from 1990 to 2011 and
reported that birth intervals of less than 12 months and between 12 and 23 months were
associated with higher risks for stunting compared to a 24–35 month gap between pregnancies
(Fink et al., 2014). Miller and Karra (2020) used longitudinal data on a cohort of over 4,000
children from four low- or middle-income countries and found declines in child health at age one
among children born within three years of an older sibling compared with those born after three
years, however that closely spaced children experienced “catch up” growth as they age (Miller and
Karra, 2020). Sear and Coall offer an evolutionary perspective that emphasises a potentially
helpful role of an older sibling who, as households adapt to changes in family size and economic
circumstances, can assist with chores and the care of a younger brother or sister while parents
work (Sear and Coall, 2011). Such sibling cooperation can enhance the health and survival of
children if there is a gap between siblings’ births that can sufficiently help prevent competition
over household resources (Bocquier et al., 2021).

Other studies examined this issue by adopting a focus on sibling size rather than birth interval
durations. For example, in his investigation of this relationship in 19th–20th century Sweden,
Oberg (2015) pointed out that the inverse relationship between sibling size and child height was
persistent over several decades and most pronounced at a time when dependency ratios had
peaked and when the study population started a large and precipitous fertility decline (Öberg,
2015). Desai (1995) used data from DHS of 16 less developed countries to examine the
relationship between family size and children’s physical growth. The exercise suggested that the
effect of family size on child growth depends on the extent to which parents bear the cost of
rearing children and the level of economic development (Desai, 1995). A study in Ethiopia sought
to understand the relationships between differences in sibling size and inequities in household
consumption expenditure and found that the two were negatively associated, but only among
families in rural areas (Desta, 2014). Future studies should explore more deeply whether variation
in birth spacing and sibling size is affected by socio-economic context, importantly, whether it is
associated with inequities in household resource allocation and parental child-rearing practices in

18 Colin Baynes et al.

https://doi.org/10.1017/S0021932025100412 Published online by Cambridge University Press

https://doi.org/10.1017/S0021932025100412


SSA societies. Doing so would, importantly, help elucidate the mechanism that is suggested by this
study and previous works concerning the behavioural effects that arise from competition between
closely spaced siblings.

The early advent of a subsequent pregnancy also may instigate sibling competition for
breastfeeding. Bohler and Bergström (1996) used longitudinal data from Bhutan to demonstrate
that short birth spacing led to premature weaning and reduced growth rates of older siblings
(Bohler and Bergström, 1996). An earlier study showed how shorter birth intervals may impact
younger siblings through increased competition for maternal nutrition during the breastfeeding
pregnancy overlap (Boerma and Bicego, 1992). Findings from a United States-based study
indicated that women who became pregnant after shorter inter-pregnancy intervals were more
likely to breastfeed during the succeeding pregnancy and suffer a miscarriage (Molitoris, 2019).
A study by Manda (1999) showed that breastfeeding status does not significantly modify the effect
of PBI on infant and child mortality risks but does partially reduce the effect of SBI (Manda, 1999).
It’s critical to point out that the breastfeeding mechanism is both biologically and behaviourally
based. Evidence from Peru indicated that the continuation of breastfeeding of older children
during a succeeding pregnancy was associated with changes in breastmilk composition that reduce
its nutritional value for both older and younger siblings (Marquis and Peeny, 2002; Marquis
et al., 2003).

It is important to recognise that this study had limitations. First, in the absence of data
predating the start of the cohort and to avoid the problem of unobserved childbearing, this
analysis focused on an early segment of women’s reproductive lives. It is possible that the risks
conferred by multiple pregnancies compound at later stages of women’s reproductive years, which
may explain why the results shared in this paper offer less support for the maternal depletion
hypothesis than it provide for the sibling competition mechanism. Second, the challenge of
endogeneity arises in analyses on this subject when unobservable maternal and household
characteristics mediate the selection process that determines children’s exposure to short birth
intervals and whether they survive. While this may undermine the analysis that is reported in this
paper, the analytic approach that was employed, i.e., to account for within-mother clustering by
incorporating random effects in the models, is bolstered by evidence from low- and middle-
income country studies that short birth interval effects remain even after addressing endogeneity
concerns. Furthermore, methodologies known to address this issue may have been inappropriate
for the data discussed in this paper. For example, Molitoris and colleagues employed a maternal
fixed effects approach to address endogeneity concerns, which implied a need to restrict the
sample to mothers who had at least three births (e.g., Molitoris et al., 2019). Applying this
approach to the data of this study would have resulted in an appreciable reduction in the sample
size, which was skewed toward low parity births. Third, it should be noted that this study took
place in the sentinel areas of HDSS in which, from 2000 to 2015, there were several impact
evaluations of child survival programmes. It is unclear whether the same results would have been
reported from the same analysis if it took place in another, more representative setting within
Tanzania. Fourth, the HDSS from which data were obtained for this study did not collect
information on variables such as fertility preferences, contraceptive use and spousal relationship
dynamics, even though such information would have enabled a more expansive analysis of the
familial conditions and behaviours that help shape the mortality response to birth spacing. Finally,
even though the dating of vital events is almost certainly superior when data are collected through
longitudinal demographic surveillance systems compared to retrospective research, prospective
studies are not immune to errors of omission.
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Conclusion
The findings from this analysis lend support to the argument that birth spacing constitutes a child
survival intervention and suggest that the benefits of this practice are mediated through different
mechanisms that operate concurrently in populations and affect older and younger siblings. As a
corollary, family planning programmes may be particularly important in SSA, where child
mortality is relatively high and cultural norms support birth spacing behaviour, but where the
practice of family planning remains relatively low in comparison to other global regions. Since
fertility remains high in SSA, a sizeable proportion, if not majority, of the child population has
both older and younger siblings and therefore will benefit from investments in programmes that
encourage longer inter-pregnancy intervals. In particular, culturally sensitive and programming
strategies aimed at promoting the uptake and continued use of contraception during the
postpartum period, and integrating opportunities for this into routine maternal, newborn and
child health care interactions, may prove very crucial to these efforts. Although more focused
research on factors that condition the mortality response to birth spacing is needed, this study
indicated that the benefits of birth spacing are most felt among children with advantages in terms
of household wealth. Family planning programmes should, thus, be designed and implemented in
ways that help to ensure that their benefits are equitable. Revitalising efforts to help women space
pregnancies in the context of strengthening primary health care and focusing on equity will
accelerate achievement of child survival goals.
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Appendix A

Models 2–4 were fitted to assess whether the main effects model (Model 1), which tested the hypotheses that longer SBI and
PBI durations are associated with lower risk of child mortality, was over-parameterised. Model 2 only includes the key
predictor and children’s birth and community-context covariates, and Model 3 only models the key predictor as a continuous
variable and its square, which aims at estimating the effects of each additional month of SBI or PBI on child mortality risk.
Model 4 is a linear probability model for each main effect on the risk of child mortality that is adjusted for birth year. Here, it is
demonstrated that, as is reported in the manuscript, over-parameterisation did not meaningfully affect the results reported in
Tables 3 and 4. Tables 2, 3 and 4 present the results of Models 2–4 with respect to the relationship between SBI duration and
post-infant mortality (Table A1), PBI duration and neonatal mortality (Table A2) and PBI duration and early-childhood
mortality (Table A3).
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Table A1. Results of parametric Weibull frailty model (hazard ratios and p-values) on the effect of the subsequent birth
interval and other determinants on child mortality in Ifakara and Rufiji, Tanzania 2000–2015 (n = 23,189)

Model 2 Model 3 Model 4

HR p-value HR p-value ΔPP p-value

Subsequent birth interval (ref. <18 months)

18–23 month 0.82 0.607 –0.21 0.412

24–35 month 0.29 <0.001*** –0.80 <0.001***

36 + months 0.19 <0.001*** –0.85 <0.001***

Last born/only child 0.54 0.080† –0.55 0.159

SBI (cont.) 0.97 <0.001***

SBI-squared 1.00 0.360

Birth order 0.98 0.834

First born/only children 0.86 0.628

>18 months 0.55 0.041*

Birth status (ref. singleton)

Multiple birth 0.37 0.347

Child sex (ref. female)

Male 1.11 0.333

Mother’s age at childbirth (ref. <20)

20–24

25–29

30 +

Mother’s educational attainment at childbirth (ref. none)

Primary

Secondary

Mother’s marital status at time of childbirth (ref. In-union)

Not in-union

Household wealth status quintile (ref. fifth)

Fourth

Third

Second

First

Birth year 1.09 0.203 0.07 0.108

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
ΔPP = Change in the predicted probability (of post-infant mortality).
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Table A2. Results of parametric Weibull frailty model (hazard ratios and p-values) on the effect of the preceding birth
interval and other factors on neonatal mortality in Ifakara and Rufiji, Tanzania 2000–2015 (n = 25,762)

Model 2 Model 3 Model 4

HR p-value HR p-value ΔPP p-value

Preceding birth interval (ref. <18 months)

18–23 month 0.63 0.111 –0.32 0.108

24–35 month 0.46 0.004** –0.49 0.007**

36+ month 0.67 0.120 –0.28 0.156

First born/only child 0.60 0.054† –0.37 0.051†

PBI (cont.) 0.99 <0.001***

PBI-squared 1.00 <0.001***

Birth order 0.90 0.163

Subsequent birth interval

First born NA NA NA NA

>18 months NA NA NA NA

Birth status (ref. singleton)

Multiple birth 9.46 <0.001***

Child sex (ref. female)

Male 1.18 0.027*

Mother’s age at childbirth (ref. <20)

20–24

25–29

30+

Mother’s educational attainment at childbirth (ref. none)

Primary

Secondary

Mother’s marital status at time of childbirth (ref. in-union)

Not in-Union

Household wealth status quintile (ref. fifth)

Fourth

Third

Second

First

Birth year 1.00 0.682 0.01 0.471

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
ΔPP = Change in the predicted probability (of post-infant mortality).
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Table A3. Results of parametric Weibull frailty model (hazard ratios and p-values) on the effect of the preceding birth
interval and other factors on 12–23-month year-old mortality in Ifakara and Rufiji, Tanzania 2000–2015 (n = 25,762)

Model 2 Model 3 Model 4

HR p-value HR p-value ΔPP p-value

Preceding birth interval (ref <18 months)

18–23 month 0.24 0.025* –0.67 0.048*

24–35 month 0.40 0.047* –0.53 0.052†

36+ month 0.37 0.011* –0.57 0.036*

First born/only child 0.58 0.187 –0.36 0.230

PBI (cont.) 0.98 <0.001***

PBI-squared 1.00 0.003**

Birth order 1.00 0.991

Subsequent birth interval (ref. <18 months)

Last born/only child 0.51 <0.001***

>18 months 1.71 0.018*

Birth status (ref. singleton)

Multiple birth 0.54 0.548

Child sex (ref. female)

Male 0.94 0.598

Mother’s age at childbirth (ref. <20)

20–24

25–29

30+

Mother’s educational attainment at childbirth (ref. none)

Primary

Secondary

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union

Household wealth status quintile (ref. fifth)

Fourth

Third

Second

First

Birth year 0.99 0.777 –0.03 0.841

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
ΔPP = Change in the predicted probability (of post-infant mortality).
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Appendix B

Because the parametrisations of the independent variable for SBI and PBI duration are different from the WHO
recommendation of 33 months between births, sensitivity analyses were conducted whereby the main effects analysis was
repeated but using the WHO definition of short (<33 months), well-spaced (33–71 months) and widely spaced (≥72 births).

Table B1. Results of Model 1, a parametric Weibull frailty model, (hazard ratios and p-values) on the effect of subsequent
birth interval durations on early childhood, mid-childhood, late childhood, all post-infant mortality when short birth
interval is classified as <33 months duration, well-spaced birth intervals are 33–71 months and widely spaced intervals are
>71 months (n = 23,189)

Early-childhood mor-
tality (12–23 mon.)

Mid-childhood mor-
tality (24–35 mon.)

Late-childhood mor-
tality (36–59 mon.)

Post-infant morality
(12–59 mon.)

HR p-value HR p-value HR p-value HR p-value

Subsequent birth interval (ref <33 months)

Last born/only child 1.19 0.232 1.31 0.177 1.03 0.896 1.05 0.890

33–71 month 0.46 <0.001*** 0.36 <0.001*** 0.67 0.109 0.45 0.017*

72+ month 0.36 0.001** 0.18 <0.001*** 0.69 0.417 0.77 0.652

Birth order 0.92 0.267 0.80 0.035* 0.93 0.567 1.07 0.643

Birth status (ref. singleton)

Multiple birth 0.72 0.758 2.20 0.478 NA NA NA NA

Child sex (ref. female)

Male 1.12 0.298 1.07 0.654 1.02 0.902 1.15 0.576

Mother’s age at childbirth (ref. <20)

20–24 1.13 0.555 1.12 0.678 1.30 0.423 1.15 0.782

25–29 1.44 0.219 1.27 0.560 1.57 0.360 1.85 0.363

30+ 2.13 0.064† 2.03 0.196 1.68 0.458 2.90 0.247

Mother’s educational attainment at childbirth (ref. none)

Primary 0.86 0.415 0.87 0.587 0.78 0.414 0.91 0.822

Secondary 0.53 <0.001*** 0.44 <0.001*** 0.58 0.025* 0.76 0.421

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union 1.60 <0.001*** 1.79 0.002** 1.99 0.003* 1.09 0.810

Household wealth status quintile (ref. fifth)

Fourth 0.93 0.713 0.78 0.334 0.94 0.848 4.64 0.025*

Third 0.90 0.618 0.84 0.495 0.65 0.213 2.39 0.213

Second 1.21 0.361 0.66 0.134 1.27 0.457 7.24 0.004**

First 1.58 0.028* 1.15 0.614 1.43 0.272 6.36 0.009**

Birth year 1.04 0.312 1.04 0.430 1.00 0.960 1.34 <0.001***

Scale 0.418 0.388 0.562 0.237

Gamma 2.39 2.58 1.79 4.21

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
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Table B2. Results of Model 1, parametric Weibull frailty model, (hazard ratios and p-values) on the effect of preceding birth
interval durations on neonatal, post-neonatal, early-childhood, mid-childhood and late-childhood mortality when short
birth interval is classified as <33 months duration, well-spaced birth intervals are 33–71 months and widely spaced
intervals are >71 months (n = 25,762)

Neonatal mor-
tality (0–1 mon.)

Post-neonatal
mortality (1–11

mon.)

Early-childhood
mortality (12–23

mon.)

Mid-childhood
mortality (24–35

mon.)

Late-childhood
mortality (36–59

mon.)

HR p-value HR p-value HR p-value HR p-value HR p-value

Preceding birth interval (ref <33 months)

Last born/only child 1.01 0.594 0.97 0.878 1.21 0.524 1.44 0.369 0.59 0.221

33–71 month 1.10 0.522 1.00 0.985 0.71 0.184 1.03 0.919 0.59 0.129

72+ month 1.28 0.297 1.61 0.101 1.44 0.492 1.71 0.418 0.32 0.292

Birth order 0.95 0.534 1.01 0.218 0.91 0.544 1.08 0.701 0.93 0.699

Birth status (ref. singleton)

Multiple birth 8.33 <0.001*** 0.96 0.684 1.94 0.549 NA NA NA NA

Child sex (ref. female)

Male 1.24 0.011 1.06 0.528 1.07 0.634 1.02 0.908 1.14 0.601

Mother’s age at childbirth (ref. <20)

20–24 0.87 0.367 1.14 0.347 1.07 0.791 1.33 0.387 1.00 0.997

25–29 0.70 0.126 1.43 0.111 1.18 0.670 1.56 0.367 1.59 0.490

30+ 0.84 0.554 1.84 0.058† 2.08 0.175 1.61 0.496 2.99 0.232

Mother’s educational attainment at childbirth (ref. none)

Primary 1.01 0.948 1.06 0.689 0.89 0.641 0.77 0.390 0.99 0.53

Secondary 0.87 0.177 0.80 0.049* 0.43 <0.001*** 0.56 <0.001*** 0.81 0.60

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union 1.50 <0.001*** 1.73 <0.001*** 1.95 <0.001*** 2.00 0.002** 1.17 0.649

Household wealth status quintile (ref. fifth)

Fourth 1.17 0.258 1.10 0.553 0.79 0.364 0.94 0.842 4.56 0.026*

Third 1.10 0.492 1.08 0.636 0.87 0.587 0.66 0.226 2.37 0.215

Second 0.93 0.649 1.25 0.157 0.66 0.126 1.27 0.458 6.93 0.005**

First 0.97 0.851 1.47 0.018 1.14 0.617 1.43 0.277 6.04 0.011*

Birth year 1.01 0.640 0.88 <0.001*** 1.08 0.096† 1.00 0.953 1.37 <0.001***

Scale 3.28 1.72 0.41 0.603 0.249

Gamma 0.30 0.58 2.42 1.66 4.02

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
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Appendix C

To assess whether the child mortality response to birth spacing is conditional on risk factors, the main effects analyses
(i.e., Model 1) were adapted by incorporating into the model vectors of parameters for terms representing interaction between
birth interval duration categories and covariates on children’s birth year (Model 5), maternal age at childbirth (Model 6),
household wealth status (Model 7) and children’s birth order (Model 8), which were also estimated by the maximum
likelihood. Models 5–8 were fit to detect whether the above risk factors moderated the main effect associations that were
detected with respect to the effects of SBI on post-infant mortality (Table C1), PBI on neonatal mortality (Table C2), and early-
childhood mortality (Table C3). These results are the coefficients of the AFT models after their conversion as the ‘ratio of
hazard ratios’ that compare the strength of the main effect relationships between groups that differ in terms of exposure to the
above risk factors.

Table C1. Results of parametric Weibull frailty model (hazard ratios and p-values) to test for the presence of effect
modification of the relationship between subsequent birth interval duration and post-infant mortality in Ifakara and Rufiji,
Tanzania 2000–2015 (n = 23,189)

Model 5 Model 6 Model 7 Model 8

HR p-value HR p-value HR p-value HR p-value

Subsequent birth interval (ref. <18 months)

Last born/only child 5.12 0.442 0.15 0.013* 0.27 0.184 0.39 0.216

18–23 month 4.07 0.710 0.36 0.221 0.06 0.089† 0.74 0.726

24–35 month 1.58 0.024* 0.05 <0.001*** 0.44 0.431 0.12 0.007**

36+ month 3.02 0.012* 0.02 <0.001*** 0.08 0.013* 0.10 0.004**

Birth order 0.87 0.071† 0.79 0.014* 0.62 0.317

Birth status (ref. singleton)

Multiple birth 0.96 0.971 0.88 0.09† 0.58 0.675 0.81 0.844

Child sex (ref. female)

Male 1.11 0.347 1.10 0.39† 1.10 0.464 1.10 0.366

Mother’s age at childbirth (ref. <20)

20–24 1.08 0.691 0.10 0.015* 1.21 0.434 1.12 0.571

25–29 1.31 0.386 0.29 0.215 2.16 0.034 1.42 0.246

30+ 2.47 0.030* 0.26 0.338 3.41 0.016 2.21 0.055†

Mother’s educational attainment at childbirth (ref. none)

Primary 0.84 0.593 0.85 0.424 0.83 0.434 0.86 0.437

Secondary 0.51 <0.001*** 0.51 <0.001*** 0.46 <0.001*** 0.53 <0.001***

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union 1.54 0.027* 1.61 0.001** 1.83 <0.001*** 1.59 0.001**

Household wealth status quintile (ref. fifth)

Fourth 0.93 0.735 0.92 0.700 0.06 0.075† 0.94 0.749

Third 0.92 0.700 0.93 0.738 1.48 0.758 0.93 0.713

Second 1.24 0.313 1.26 0.279 1.84 0.619 1.24 0.309

First 1.65 0.020* 1.66 0.019* 0.45 0.614 1.66 0.017*

(Continued)
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Table C1. (Continued )

Model 5 Model 6 Model 7 Model 8

HR p-value HR p-value HR p-value HR p-value

Birth year 0.90 0.349 1.06 0.093† 1.05 0.214 1.04 0.288

SBI* Birth year

Last born/only child*Birth year 1.09 0.447

18–23 month*Birth year 1.05 0.710

24–35 month*Birth year 1.31 0.024*

36+ month*Birth year 1.34 0.013*

SBI*Mother age

Last born/only child*20–24 yrs 0.39 0.013*

18–23 month*20–24 years 0.52 0.116

24–35 month*20–24 years 0.41 0.019*

36+ month*20–24 years 0.31 0.003**

Last born/only child*25–29 yrs 0.66 0.292

18–23 month*25–29 years 0.87 0.754

24–35 month*25–29 years 0.46 0.052†

36+ month*25–29 years 0.37 0.017*

Last born/only child*30+ yrs 0.57 0.299

18–23 month*30+ years 0.74 0.661

24–35 month*30+ years 0.31 0.042*

36+ month*30+ years 0.19 0.004**

SBI*Household Wealth

Last born/only child*Fourth 2.94 0.109

18–23 month*Fourth 5.19 0.033*

24–35 month*Fourth 7.64 0.212

36+ month*Fourth 8.84 0.037*

Last born/only child*Third 0.67 0.762

18–23 month*Third 10.21 0.224

24–35 month*Third 0.17 0.190

36+ month*Third 0.47 0.582

Last born/only child*Second 0.90 0.936

18–23 month* Second 4.14 0.457

24–35 month* Second 0.16 0.157

36+ month* Second 0.62 0.710

Last born/only child*First 5.37 0.290

18–23 month*First 5.42 0.031*

24–35 month* First 0.70 0.829

36+ month* First 4.99 0.318

(Continued)
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Regarding children’s birth year, Model 5 in Table C1, which compared post-infant children born one year apart, found
that the risk of death given exposure to SBI durations of 24–35 months and≥36 months was 1.31 and 1.34 times higher among
the children born later than those born earlier (HRR = 1.31, 95% CI: 1.03, 1.64; HRR = 1.34, 95% CI: 1.06, 1.69). Regarding
maternal age, Model 6, which compared post-infant children born to mothers aged 15–19 to those aged 20–24, reported that
the mortality risk given exposure to no SBI (last born or only children) was 0.39 times lower among children with older
mothers (HRR = 0.39, 95% CI: 0.10, 0.71). Within the same comparison, the mortality risk given exposure to SBI between
24–35 and ≥36 months was 0.41 and 0.31 times lower among children born to older mothers (HRR = 0.41, 95% CI: 0.13,
0.83; HRR = 0.31, 95% CI: 0.06, 0.78). Model 6 revealed similar results when comparing children born to mothers between 15
and 19, and those born to mothers between 25 and 29, and mothers who were 30 or older. Model 7 tested for effect
modification related to household socio-economic status. After comparing that the post-infant mortality risks associated with
SBI of children born in the fourth socio-economic quintile to those born in the fifth (i.e., the second to most wealthy to the
wealthiest quintiles), it reported that mortality risks associated with 18–23 month and ≥36 month SBI were 5.19 and 8.84
times higher among children born in households in the fourth quintile (HRR = 5.19, 95% CI: 2.76, 8.99; HRR = 8.84, 95%
CI: 4.09, 13.02). In addition, when comparing post-infant mortality risks associated with SBI duration between children born
in the poorest (quintile 1) to the wealthiest (quintile 5), Model 7 found that the post-infant mortality risk associated with
18–23-month SBI was 5.42 times greater among children in the first quintile (HRR = 5.42, 95% CI: 2.23, 8.14). Model 8 did
not detect evidence of interaction between children’s birth order (i.e., the parity of the birth) and SBI duration on post-infant
mortality risk.

Models 5–8 were refitted to assess whether the above risk factors moderate the main effect association between PBI
durations and neonatal mortality (Table C2). They reported no indication of interaction between PBI and the year in which
children were born and maternal age on neonatal mortality risk. However, Models 7 and 8 revealed findings that suggest effect
modification in relation to household socio-economic status and children’s birth order. Comparing the neonatal mortality
risks associated with PBI of children born in the first socio-economic quintile to those born in the fifth (i.e., the poorest to the
wealthiest quintiles), Model 7 found that neonatal mortality risks associated with 18–23 month, 24–35 month and≥36 month
PBI were 2.86, 1.83 and 3.25 times greater among children born in the poorest quintile (HRR = 2.86, 95% CI: 1.11, 4.21;
HRR = 1.83, 95% CI: 1.00, 3.04; HRR = 3.25, 95% CI: 1.97, 5.13). In addition, the analysis that compared the neonatal
mortality risks associated with PBI of 18–23 months between newborns of relatively high and low parity births found that the
risk of mortality was 4.29 times greater among higher parity births (HRR = 4.29, 95% CI: 2.92, 6.21).

Table C3 contains the same analysis, however, for the risk of early-childhood mortality associated with PBI length. This
reported no significant interaction effects with regard to children’s year of birth and birth order, while, conversely, Models 6
and 7 reported significant effects of interaction between PBI durations and maternal age at childbirth and household socio-
economic status. Regarding maternal age, Model 6 indicated that the benefits of relatively long PBI were stronger among older
mothers: comparing 12–23-month-old children born to mothers aged 15–19 to those aged 20–24, the mortality risk given
exposure to no PBI (last born or only children) was 0.22 times lower among children with older mothers (HRR = 0.22, 95%
CI: 0.05, 0.62). Within the same comparison, the mortality risk given exposure to PBI between 24 and 35 and ≥36 months
were 0.47 and 0.75 times lower among children born to older mothers (HRR = 0.47, 95% CI: 0.18, 0.89; HRR = 0.75, 95% CI:
0.38, 1.00). Model 6 revealed similar results when comparing main effect associations between children born to mothers
between 15 and 19 and those born to mothers 25–29. This analysis also reported effect modification in relation to household
socio-economic status (Model 7). For example, comparing the 12–23 month mortality risks associated with PBI of children
born in the first socio-economic quintile to those born in the fifth (i.e., the poorest to the wealthiest quintiles), Model 7

Table C1. (Continued )

Model 5 Model 6 Model 7 Model 8

HR p-value HR p-value HR p-value HR p-value

SBI*Birth Order

Last born/only child*Birth order 0.89 0.541

18–23 month*Birth order 0.95 0.791

24–35 month*Birth order 0.79 0.224

36+ month* Birth order 0.83 0.337

Scale 0.385 0.383 0.403

Gamma 2.60 2.61 2.48

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
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Table C2. Results of parametric Weibull frailty model (hazard ratios and p-values) to test for the presence of effect
modification in the relationship between preceding birth interval duration and neonatal mortality in Ifakara and Rufiji,
Tanzania 2000–2015 (n = 25,762)

Model 5 Model 6 Model 7 Model 8

HR p-value HR p-value HR p-value HR p-value

Preceding birth interval (ref <18 months)

First born/only child 0.37 0.197 0.30 0.104 0.53 0.289 0.04 0.027*

18–23 month 0.19 0.421 0.35 0.390 0.44 0.371 0.02 0.010*

24–35 month 0.96 0.570 0.19 0.179 0.34 0.125 0.05 0.046*

36+ month 0.49 0.064† 0.18 0.012* 0.37 0.121 0.04 0.020*

Birth order 0.95 0.570 0.96 0.625 0.95 0.494 0.29 0.061†

Birth status (ref. singleton)

Multiple birth 8.25 <0.001*** 8.24 0.001*** 8.62 0.001*** 8.17 0.001***

Child sex (ref. female)

Male 1.23 0.011 1.24 0.010* 1.24 0.011* 1.23 0.012*

Mother’s age at childbirth (ref. <20)

20–24 0.89 0.440 0.51 0.397 0.87 0.368 0.88 0.387

25–29 0.73 0.182 0.29 0.152 0.70 0.119 0.71 0.132

30+ 0.83 0.541 0.26 0.165 0.83 0.540 0.83 0.537

Mother’s educational attainment at childbirth (ref. none)

Primary 1.00 0.970 0.85 0.997 1.01 0.953 1.01 0.921

Secondary 0.85 0.132 0.98 0.137 0.86 0.158 0.83 0.177

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union 1.50 <0.001*** 1.51 0.011 1.49 <0.001*** 1.50 <0.001***

Household wealth status quintile (ref. fifth)

Fourth 1.17 0.239 1.17 0.245 0.568 1.17 0.243

Third 1.10 0.484 1.10 0.497 0.86 0.845 1.10 0.510

Second 0.94 0.691 0.94 0.692 0.80 0.772 0.94 0.674

First 0.98 0.891 0.98 0.873 0.04 <0.001*** 0.98 0.882

Birth year 0.93 0.274 1.01 0.653 1.01 0.640 1.01 0.604

PBI* Birth year

Last born/only child*Birth year 1.09 0.199

18–23 month*Birth year 1.07 0.423

24–35 month*Birth year 1.04 0.574

36+ month*Birth year 1.14 0.065†

PBI*Mother age

Last born/only child*20–24 yrs 1.74 0.496

18–23 month*20–24 years 1.46 0.776

24–35 month*20–24 years 2.32 0.517

(Continued)
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Table C2. (Continued )

Model 5 Model 6 Model 7 Model 8

HR p-value HR p-value HR p-value HR p-value

36+ month*20–24 years 2.76 0.201

Last born/only child*25–29 yrs 2.45 0.289

18–23 month*25–29 years 2.58 0.486

24–35 month*25–29 years 3.04 0.404

36+ month*25–29 years 4.34 0.076†

Last born/only child*30+ yrs 3.40 0.206

18–23 month*30+ years 0.64 0.796

24–35 month*30+ years 3.15 0.417

36+ month*30+ years 2.98 0.387

PBI*Household Wealth

Last born/only child*Fourth 0.66 0.572

18–23 month*Fourth 1.09 0.937

24–35 month*Fourth 0.72 0.705

36+ month*Fourth 1.22 0.795

Last born/only child*Third 1.07 0.935

18–23 month*Third 0.54 0.622

24–35 month*Third 1.77 0.525

36+ month*Third 2.12 0.360

Last born/only child*Second 1.05 0.950

18–23 month* Second 1.15 0.901

24–35 month* Second 1.43 0.688

36+ month* Second 1.60 0.573

Last born/only child*First 2.17 0.205

18–23 month*First 2.86 <0.001***

24–35 month* First 1.83 <0.001***

36+ month* First 3.25 <0.001***

PBI*Birth Order

Last born/only child*Birth order 3.31 0.089†

18–23 month*Birth order 4.29 0.036*

24–35 month*Birth order 2.69 0.143

36+ month* Birth order 3.60 0.053†

Scale 3.28 3.28 3.28 3.28

Gamma 0.31 0.31 0.35 0.30

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
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Table C3. Results of parametric Weibull frailty model (hazard ratios and p-values) to test for the presence of effect
modification in the relationship between preceding birth interval duration and early-childhood mortality in Ifakara and
Rufiji, Tanzania 2000–2015 (n = 25,762)

Model 4 Model 5 Model 6 Model 7

HR p-value HR p-value HR p-value HR p-value

Preceding birth interval (ref. <18 months)

First born/only child 5.07 0.396 8.63 <0.001*** 0.13 0.012* 2.14 0.553

18–23 month 5.60 0.136 7.84 0.843 0.22 0.253 1.83 0.816

24–35 month 5.07 0.863 2.32 <0.001*** 0.04 0.001 0.09 0.104

36+ month 4.25 0.732 8.63 <0.001*** 0.12 0.015 0.40 0.552

Birth order 0.80 0.202 7.07 0.059 0.81 0.244 0.68 0.496

Birth status (ref. singleton)

Multiple birth 2.16 0.486 2.35 0.444 2.37 0.460 3.41 0.262

Child sex (ref. female)

Male 1.07 0.646 1.05 0.718 1.06 0.702 1.06 0.689

Mother’s age at childbirth (ref. <20)

20–24 1.16 0.588 1.35 <0.001*** 1.07 0.808 1.08 0.767

25–29 1.28 0.540 4.66 <0.001*** 1.23 0.617 1.19 0.670

30+ 2.14 0.162 3.20 <0.001*** 2.29 0.145 2.13 0.165

Mother’s educational attainment at childbirth (ref. none)

Primary 0.87 0.573 0.86 0.562 0.86 0.567 0.89 0.64

Secondary 0.42 <0.001*** 0.40 <0.001*** 0.40 <0.001*** 0.43 <0.001***

Mother’s marital status at time of childbirth (ref. In-union)

Not in-Union 1.97 <0.001*** 2.02 <0.001*** 1.95 <0.001***

Household wealth status quintile (ref. fifth)

Fourth 0.81 0.405 0.81 0.437 0.24 0.287 0.80 0.403

Third 0.90 0.669 0.89 0.662 0.22 0.187 0.91 0.697

Second 0.64 0.117 0.65 0.126 0.13 0.069 0.64 0.117

First 1.17 0.565 1.19 0.536 5.98 <0.001*** 1.16 0.575

Birth year 1.19 0.175 1.11 0.022* 1.11 0.031* 1.09 0.068†

PBI* Birth year

Last born/only child*Birth year 0.90 0.395

18–23 month*Birth year 0.70 0.135

24–35 month*Birth year 1.02 0.866

36+ month*Birth year 0.95 0.732

PBI*Mother age

Last born/only child*20–24 yrs 0.22 <0.001***

18–23 month*20–24 years 0.65 0.775

24–35 month*20–24 years 0.47 <0.001***

(Continued)
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Table C3. (Continued )

Model 4 Model 5 Model 6 Model 7

HR p-value HR p-value HR p-value HR p-value

36+ month*20–24 years 0.75 <0.001***

Last born/only child*25–29 yrs 0.36 0.452

18–23 month*25–29 years 0.14 0.258

24–35 month*25–29 years 0.26 <0.001***

36+ month*25–29 years 0.69 <0.001***

Last born/only child*30+ yrs 0.48 0.124

18–23 month*30+ years 0.41 0.308

24–35 month*30+ years 0.57 0.298

36+ month*30+ years 0.53 0.178

PBI*Household Wealth

Last born/only child*Fourth 3.73 0.332

18–23 month*Fourth 1.06 0.366

24–35 month*Fourth 1.37 0.858

36+ month*Fourth 3.74 0.973

Last born/only child*Third 4.51 0.198

18–23 month*Third 1.70 0.136

24–35 month*Third 1.87 0.030*

36+ month*Third 1.97 0.603

Last born/only child*Second 3.98 0.230

18–23 month* Second 6.96 0.250

24–35 month* Second 3.18 0.028*

36+ month* Second 3.32 0.350

Last born/only child*First 2.87 0.190

18–23 month*First 2.70 <0.001***

24–35 month* First 4.86 <0.001***

36+ month* First 2.36 <0.001***

PBI*Birth Order

Last born/only child*Birth order 0.87 0.418

18–23 month*Birth order 0.39 0.410

24–35 month*Birth order 1.82 0.313

36+ month* Birth order 0.99 0.993

Scale 0.40 0.384 0.353 0.399

Gamma 2.50 2.60 2.83 2.50

*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, †p ≤ 0.1.
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demonstrated that mortality risks associated with 18–23 month, 24–35 month and ≥36 month PBI were 2.70, 4.86 and 2.36
times greater among children born in the poorest quintile (HRR = 2.70, 95% CI: 1.64, 4.09; HRR = 4.86, 95% CI: 3.35, 6.12;
HRR = 2.36, 95% CI: 1.40, 4.79).

Regarding the analyses that are reported in Tables C1–3 above, it was hypothesised that the protective effects of longer SBI
and PBI would be most pronounced among children subjected to conditions that placed them at particular risk of early death.
Although the findings are not conclusive, they are illuminating and may give directions to new avenues of research. Children’s
year of birth proved to modify the effect of SBI and post-infant mortality. With long intervals demonstrating especially
protective effects during years that pre-dated large-scale investments in health systems strengthening and improving maternal
and child health (Masanja et al., 2008; Afnan-Holmes et al., 2015). Molitoris et al. (2019) pointed out a similar finding in their
more expansive analysis of birth spacing and child mortality that compared patterns between children born in countries that
varied in terms of economic development. In this paper, the finding of effect modification by household wealth status helps
bring nuance to that interpretation. For all three sets of main effects, the protective effects of birth spacing were most
pronounced among children born in wealthier households. This suggests that while the survival benefits of birth spacing may
help to offset societal-level risks related to poor health system access and quality, they tend not to help address micro-level
challenges that occur when poor households increase family size. On the contrary, this analysis observed that birth spacing and
household wealth may interact synergistically to the benefit of well-spaced children born to relatively wealthy families.

One significant finding was reported regarding effect modification of parity. Contrary to expectations, this indicated that
the benefits of lengthier spacing were more pronounced among lower parity births. This at least suggests that while lengthy
birth spacing does not help to offset neonatal mortality risks associated with high parity (e.g., Kozuki &Walker), it can amplify
the benefits of low parity status on neonatal survival. While it was conjectured that lengthier birth spacing would be more
impactful among children born to adolescent mothers, this analysis reported the opposite. Regarding the effect of SBI and PBI
on post-infant and early-childhood mortality risks, it found that lengthier spacing tended to have a more pronounced effect
among children born to mothers older than 20 than among their teenage counterparts, a finding that is broadly consistent with
other literature on this subject. For example, Finlay et al. (2017) in their analysis of DHS data from 33 countries in SSA found
that adjusting for short birth intervals did not completely offset the negative effect of young age at birth on child survival
outcomes (Finlay et al., 2017). As a corollary, while birth spacing may not help to offset risks related to high parity and
adolescent pregnancy, its interaction with low parity and adult pregnancy may be synergistic and tend to enhance survival
prospects of children of high birth order or with relatively old mothers.

Cite this article: Baynes C, Kanté AM, Mrema S, Masanja H, and Phillips JF (2025). Birth intervals and childhood mortality in
rural Tanzania. Journal of Biosocial Science 1–36. https://doi.org/10.1017/S0021932025100412
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