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Abstract

Background: A large literature has indicated a robust association between birth spacing and child survival, but evidence on
the association of birth timing with physical growth in low and middle income countries (LMICs) remains limited.

Methods and Results: Data from 153 cross-sectional Demographic and Health Surveys (DHS) across 61 LMICs conducted
between 1990 and 2011 were combined to assess the association of birth timing with child stunting (height-for-age z-score
,22). A total of 623,789 children of birth order 1–5 contributed to the maternal age analysis, while the birth spacing
dataset consisted of 584,226 children of birth order 2 and higher. Compared to 27–34 year old mothers, maternal age under
18 years was associated with a relative stunting risk of 1.35 (95% CI: 1.29–1.40) for firstborn children, whereas the relative
risk was 1.24 (95% CI: 1.19–1.29) for mothers aged 18–19 years. The association of young maternal age with stunting was
significantly greater for urban residents and those in the top 50% of household wealth. Birth intervals less than 12 months
and 12–23 months had relative risks for stunting of 1.09 (95% CI: 1.06–1.12) and 1.06 (95% CI: 1.05–1.06) as compared to a
24–35 month inter-pregnancy interval, respectively. The strength of both teenage pregnancy and short birth interval
associations showed substantial variation across WHO region. We estimate that 8.6% (6.9–10.3%) of stunted cases in the
South Asian DHS sample would have been averted by jointly eliminating teen pregnancies and birth intervals less than 24
months, while only 3.6% (1.5–5.7%) of stunting cases would have prevented in the Middle East and North Africa sample.

Conclusions: Postponing the age of first birth and increasing inter-pregnancy intervals has the potential to significantly
reduce the prevalence of stunting and improve child development in LMICs.
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Introduction

Approximately 16 million teenagers (under 20 years of age) give

birth each year worldwide, of which more than 90% reside in low

and middle income countries (LMICs) [1]. Childbirth at an early

age and short birth spacing have been shown to be associated with

increased risk of birth complications [2], child mortality [3–5], and

physical growth restrictions [4,6–10]. Studies primarily conducted

in high income settings have also found young maternal age to be

associated with poor cognitive and behavioral outcomes for

children [11,12].

Approximately one-third of children under age 5 in LMICs, or

about 314 million children, are currently affected by linear growth

restriction or stunting [13]. Stunting has long been recognized as a

principal risk factor for child morbidity and mortality, but more

recent work has also shown consistent associations with cognitive

deficits and underachievement in school [14,15] and lower adult

earnings [14,16,17].

While previous studies have documented associations between

birth timing and child physical growth [4,18,19], relatively little is

known about the relative magnitude of these associations across

socioeconomic and cultural settings. Given the complex biological,

social, and behavioral mechanisms underlying birth timing [20–

22], there variations across regions as well as within countries are

potentially large [23]. In this study, we use the most comprehen-

sive global dataset with birth timing available to date in order to

update risk estimates of young maternal age and short birth

spacing with child linear growth, examine differences in the

associations across geographic and socioeconomic strata, and

quantify the potential impact of eliminating high risk birth timing

on the prevalence of child stunting in LMICs.
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Methods

Data Sources
The dataset utilized for this study was pooled from 153 cross-

sectional Demographic and Health Surveys (DHS) conducted

1990 to 2011 in 61 low and middle income countries. DHS are

nationally representative surveys of households that collect a wide-

range of data with emphasis on maternal and child health

indicators. The 61 DHS countries (shown in Table S1 and Figure

S4 in File S1) included in this dataset cover 83% of the total

population residing low-income countries and 48% of the

population of middle-income countries as classified by the World

Bank in 2010 [24].

Study Population
In total 768,504 children aged 6–59 months were included in

the 153 DHS which included child anthropometric measurements.

A total of 17,962 children (1.1%) were excluded due to implausible

height-for-age z-scores (HAZ) (, -6SD or .6SD), and an

additional 138 children (0.1%) were excluded due to missing

covariate information. The maternal age analysis was restricted to

623,789 children of birth order 1–5 due to the implausibility of

having more than five children during the teenage years, while the

birth interval dataset included all 584,226 children of birth order 2

and higher.

Exposures, Covariates, and Outcomes
Maternal age and birth spacing was assessed by self-report of

the mother. Given that exact dates of conception are not available

within the DHS dataset, we follow the previous literature [18,19]

in defining birth spacing as the number of months between the

birth month for the child under observation and the birth month

of the preceding birth. Covariates were selected based on a

literature review and included: birth order, child age, child sex,

multiple gestation, location of delivery, breastfeeding for the first

six months of life, urban/rural residence, maternal education,

mother’s partner vital status, maternal partner education, house-

hold wealth quintile, and year of the DHS. Descriptive statistics for

all covariates in both the maternal age and birth spacing dataset

are presented in Table S2 in File S1. Household wealth quintiles

were calculated by creating a wealth score based on ownership of

materials and household characteristics based on principal

component analysis as recommended by Filmer and Pritchett

[25]. HAZ was computed from the crude child height and age

data employing the Anthro Software package which utilizes the

WHO Child Growth Standard [26]. Stunting was defined as a

HAZ more than 2 standard deviations below the reference mean

[27].

Analysis
Log-poisson models were used to estimate relative risks for

stunting employing the methodology of Zou [28]. Restricted cubic

splines were first used to assess potential non-linear relationship of

continuous maternal age and birth spacing with child stunting

[29,30]. To test for non-linearity, the likelihood ratio test was used

to compare the model with only the linear term to the model with

the linear and the cubic spline terms. We utilized the shape of the

spline analysis with commonly used cut-offs to present a

categorical analysis of maternal age (,18, 18–20, 20–26, 27–34,

35+ years) and birth spacing (,12, 12–23, 24–35, 36+ months).

We also present a continuous analysis of birth spacing, since the

spline analysis indicated a linear relationship.

A priori we decided to present stratified categorical analyses by

sex, urban/rural residence, household wealth (poorest 50% vs.

wealthiest 50%), and WHO World Bank region to assess

heterogeneity in estimates. Potential modification of the maternal

age association by birth order (firstborn versus birth order 2–5),

birth spacing by birth order (birth order 2–5 versus 5+), and birth

spacing by maternal age were also assessed. The Wald test for risk-

ratio homogeneity was used to assess the statistical significance of

the interaction. If significant effect modification was detected,

stratified analyses were presented. As robustness check, multivar-

iate linear regression models analyzing HAZ as a continuous

outcome are also presented in the Tables S3 and S4 in File S1. All

multivariate analyses included a fixed effect for each survey and

the multivariate birth interval analysis also included categorical

adjustment for maternal age. P-values for trend in categorical

analyses were calculated by treating the median value of each

maternal age or birth interval category as a continuous variable. P-

values were two-sided with clustered robust standard errors to

allow for local residual correlation as a result of the complex

survey design utilized in DHS [31]. All regression analyses were

conducted using STATA version 12 [32].

We then calculated the partial population-attributable risk

percentage (PAR%) for teenage pregnancy and birth spacing ,24

months by World Bank region for the DHS sample [33]. Partial

PAR%s were calculated to estimate the percent of stunting cases

that would not have occurred in the DHS sample if a hypothetical

family planning intervention eliminated teen pregnancy and short

birth intervals, but other risk factors for stunting did not change as

a result of the intervention. We considered a hypothetical

intervention which led all teenage pregnancies to occur at a

maternal age of 20–26 years and all birth intervals ,24 months to

occur at 24–36 months. All region specific prevalences and effect

sizes for other risk factors for stunting included in the multivariate

model were assumed to remain constant in calculation of partial

PAR%.

Ethics Statement
De-identified secondary data was obtained through the Measure

DHS website. The project involved no human subjects research.

Results

Sample Characteristics
The mean age at first birth across the 153 DHS was 20.4 years

with 19% of all births occurring to teenage mothers (,20 years at

birth). The DHS with the highest percentage of teenage

pregnancies was Bangladesh with 34.8% in 2004, while the lowest

was Rwanda in 2005 (6.8%). The median birth spacing interval for

the sample was 33 months, with 21.7% of all births occurring less

than 24 months from the preceding birth. The DHS with the

highest percentage of births with an inter-pregnancy birth interval

of less than 24 months was Jordan in 1990 (48.0%), while the

lowest was Zimbabwe in 2010 (7.4%).

The covariate distribution among the total sample of children

6–59 months is summarized in Table S2 in File S1. Briefly, 49.4%

of children were female, the mean child age was 30 months, 24.0%

were firstborn children, 27.4% were of birth order 5 or higher, and

the majority of children resided in rural areas (61.4%). As for

mothers, 91.4% were married or living with a partner and 37.5%

never attended any schooling. In terms of temporal coverage,

6.8% of children in the sample were born in the 1980s, 42.3% in

the 1990s, and 50.9% in the 2000s.

Maternal Age
There were 184,278 firstborn and 439,511 children of birth

order 2–5 that contributed to the analysis of maternal age. The

Family Planning May Improve Linear Growth and Child Development
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association of maternal age with stunting was significantly

modified by birth order and as a result stratified analyses are

presented (p-value for interaction: ,0.001). The crude stunting

prevalence for firstborn children was .50% for mothers reporting

to be under 13 years of age and gradually declined to roughly 20%

for mothers 27 years and older (Figure S5 in File S1). A

multivariate restricted cubic spline analysis of continuous maternal

age and stunting among firstborn children determined a signifi-

cantly non-linear relationship (p-value for non-linear relationship:

,0.001) which is presented in Figure 1. The estimated adjusted

risk ratio for stunting declined gradually from a peak of 1.5 at age

13 years to the reference maternal age of 27 years (RR: 1.0). There

was no indication of increased risk of stunting for maternal ages

greater than 27 years, but statistical power was lacking due to low

prevalence of first births among mothers in their thirties in LMICs.

A similar relationship was found in a multivariate continuous

analysis of maternal age and stunting among children of birth

order 2–5, but the slope in risk of stunting was flatter for maternal

ages less than the 27 year reference with maternal age less than 13

years carrying the greatest relative risk of 1.3 (not presented).

Table 1 shows the results of a multivariate categorical analysis of

maternal age. The adjusted relative risk of stunting among

firstborn children was 1.35 (95% CI: (1.30–1.40), 1.24 (95% CI:

1.19–1.29) and 1.15 (95% CI: 1.11–1.20) for maternal age groups

,18, 18–19, and 20–26 years as compared to the reference group

of mothers aged 27–34 years, respectively (p-value for trend: ,

0.001). Additional adjustment for birth spacing (a potential

mediator) did not appear to reduce the strength of the association.

Among children of birth order 2–5, there was also a significant

association of maternal age with stunting, but the magnitude of the

association was weaker (p-value for trend: ,0.001) (Table 1). The

adjusted relative risk of stunting among children birth order 2–5

was 1.20 (95% CI: (1.18–1.22), 1.14 (95% CI: 1.12–1.15) and 1.08

(95% CI: 1.06–1.09) for maternal age groups ,18, 18–19, and

20–26 as compared to the 27–34 years reference, respectively.

Secondary analysis of HAZ as a continuous outcome showed a

similarly muted relationship of maternal age with stunting for

children of birth order 2–5 as compared to firstborns (Table S3 in

File S1).

In Table 1 stratified results of multivariate categorical models by

child sex, urban/rural residence, household wealth, and World

Bank region are also presented for firstborn children. There was

no significant difference in the strength of association by sex (p-

value for interaction: 0.136), but a significantly stronger associa-

tion of maternal age with stunting was observed for children in

urban areas as compared to rural (p-value for interaction: 0.016)

and for households in the top 50% of household wealth as

compared to bottom 50% (p-value for interaction: ,0.001). The

association of maternal age with stunting also significantly varied

by WHO region (p-value ,0.001). At the regional level, the

strongest association between maternal age at first birth and

stunting among firstborn children was found in the Latin America

and Caribbean region, whereas the weakest was for the Middle

East and North Africa region (MENA).

Figure 1. Non-linear adjusteda relationship of maternal age with stunting for firstborn childrenb. aAdjusted for same factors as Table 1
Caption. b 27 years is the reference group (p-value for non-linear relationship: ,0.001).
doi:10.1371/journal.pone.0102391.g001
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Birth Spacing
The sample size for birth spacing analyses was 584,226 children

of birth order 2 or higher. Crude stunting prevalence was the

highest for birth intervals less than 12 months (.40%) and

gradually declined with increased birth interval length up to 60

months (5 years) (Figure S6 in File S1). Figure 2 shows the results

of a multivariate restricted cubic spline analysis of birth spacing

and stunting, which found a significantly linear relationship (p-

value for linear relationship: ,0.001). Similar to the crude data,

the adjusted relative risk of stunting appeared to continuously

decrease with increasing birth intervals and there was no

indication of a plateau of the association.

In Table 2 results of multivariate categorical (,12, 12–23, 24–

35, and $ 36months) and linear analyses of birth spacing are

presented. The categorical analyses determined the relative risk of

stunting for birth intervals ,12 months and12–23 months were

1.09 (95% CI 1.06–1.12) and 1.06 (95% CI 1.05–1.06) as

compared the reference of group 24–35 months, respectively. A

birth interval of $36 months was associated with significantly

decreased risk of stunting as compared to the 24–35 month

reference group (RR: 0.91; 95% CI: 0.90–0.91) (p-value for trend:

,0.001). In a multivariate linear analysis, each additional 6

months in the inter-pregnancy interval was associated with a 2.1%

reduction in the relative risk of stunting (RR: 0.979; 95% CI:

0.977–0.979; p,0.001). Secondary analysis of HAZ score

continuously found a similar relationship (Table S4 in File S1).

Stratified results of multivariate categorical models for birth

spacing by birth order, sex, urban/rural residence, household

wealth, and World Bank region are also presented in Table 2.

There was no significant difference in the strength of the

association of birth spacing with stunting by birth order, child

sex, or household wealth (all p-value for interaction .0.05).

Nevertheless, there was significant heterogeneity in the association

by WHO region (p-value for interaction ,0.001).

Estimated Population-Level Impact
Due to substantial variation in both the estimated relative risk

and the prevalence of teenage pregnancy, the estimated popula-

tion impact of eliminating teenage pregnancies in the DHS sample

varied widely by WHO region. As Table 3 shows, in the South

Asian DHS sample an estimated 6.9% (6.2–7.6%) of stunting cases

could have been averted by eliminating teenage pregnancies, while

the same is true for only 0.8% of stunting cases (0–1.6%) in the

MENA region. The percentage of stunting cases attributed to birth

intervals ,24 months was relatively similar across region. The

highest PAR% estimate for short birth intervals was observed for

the MENA region (3.0%; 95% CI: 1.7–4.2%), while the lowest was

determined for Latin America and the Caribbean (1.2%; 95% CI:

0.2–2.1%). We also estimate that by eliminating both teenage

pregnancy and birth intervals ,24 months, 8.6% (6.9–10.3%) of

stunting cases could have been averted in the South Asian DHS

sample, while only 3.6% (95% CI: 1.5–5.7) would have been

prevented in the MENA region sample.

Figure 2. Linear adjusteda relationship of birth spacing with stuntingb among children of birth order 2-5. a Adjusted for same factors as
Table 1 Caption. b 24 months is the reference group (p-value for linear relationship: ,0.001).
doi:10.1371/journal.pone.0102391.g002
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Discussion

The individual and population level analyses of birth timing

presented in this work have yielded several key findings. Foremost,

young maternal age at first birth is a substantial risk factor for child

stunting, while the association of short birth intervals with

restricted linear growth appears to be weak. In terms of the shape

of these relationships, the risk of stunting was highest for maternal

ages under 18 years with declines in risk up to 27 years. As for

birth spacing, the highest risk of stunting was observed for birth

intervals of less than 12 months with gradual linear decreases in

risk for longer birth intervals.

In the DHS sample stunting rates are substantially lower for

firstborn children as compared to children of higher birth order,

while the reverse is true for infant mortality [4]. In the British

context, firstborn children were shown to be smaller at birth but

then exhibited rapid catch-up growth and reached greater heights

as compared to higher birth order children by 12 months of age

[34]. A similar growth catch-up mechanism may partially explain

the low prevalence of stunting for firstborn children in LMICs.

Most studies from developing countries have found the association

of maternal age with child mortality to be weak [4,35], whereas

the relative risk of child mortality appears to sharply increase for

birth intervals of less than 18 months [18,19]. Our results suggest

the opposite is true for linear growth, that there is a relatively small

increase in the risk of stunting associated with short birth intervals,

while the risk of stunting is substantial for children born to teenage

mothers. As a result, the mechanisms underlying the observed

relationships of birth timing with mortality and physical growth

are likely to be different. It is possible the biological factors which

lead to a generally strong association of short birth intervals with

early infant mortality and reduced birth size are not as significant

contributors to childhood stunting due to the potential for growth

catch-up [34,36,37]. This is in contrast to the social, economic,

and behavioral consequences of young maternal age which may

persist as key drivers of physical growth throughout childhood.

Our results also suggest remarkable heterogeneity in the

strength of the maternal age and stunting association across

socioeconomic groups and by urban/rural residence. Even though

we hypothesized a priori there would be significant heterogeneity in

the association of birth timing with stunting, the finding that young

maternal age at first birth is relatively more harmful in urban and

in wealthier households as compared to rural and poorer

households was not anticipated. This finding is partially driven

by the use of relative risk measures in our primary analysis, as the

significantly lower prevalence of stunting in urban and wealthy

households may result in the same absolute increase in the

probability of stunting yielding a larger observed relative risk.

Nevertheless, the heterogeneous relationship remained when

analyzing HAZ continuously (Tables S3 and S4 in File S1). One

potential mechanism for the observed effect modification is that

income differentials between older and younger mothers are more

pronounced in urban and wealthier strata and the relatively simple

asset score used by DHS does not completely capture these

differences. An alternative explanation is that in rural areas and

among poorer households stunting may be primarily the result of

inadequate food availability and variety [38], micronutrient

deficiency [39], or poor sanitation [40] while having a young

mother may not be as important of a factor for children facing

significant nutritional and environmental adversity. The relatively

higher impact in urban strata may also reflect the relatively high

risk faced by young mothers in urban slum neighborhoods, which

we cannot directly identify in the DHS data, and which may

appear relatively wealthy in asset-based indices. Independent of

the mechanisms driving this heterogeneity, it seems likely that the

relative importance of young maternal age as a population-level

risk factor for stunting will increase over the coming years as

LMICs become increasingly urbanized and also develop econom-

ically [41].

The associations of maternal age and birth spacing with child

stunting also varied substantially across WHO region, which may

reflect differences in wealth and urbanization along with other

regional factors like social support and family structure, prevalence

of childhood infections, and food security.

Overall, our results suggest that the combined burden of

teenage motherhood and short birth intervals is largest for the

South Asian region, where we estimate that close to 9% of stunting

cases could be averted with improved birth spacing, followed by

Europe and Central Asia (6.6%), Latin America and the

Caribbean (5.6%), Sub-Saharan Africa (5.4%), East Asia and

Pacific (4.3%) and MENA (3.6%). The larger impact in the first

three regions is primarily the result of their high prevalence of

teenage motherhood, which is relatively rare in the East Asia and

MENA regions. In terms of birth spacing, largest improvements

seem possible for the MENA region, where more than one in five

children are born within less than 24 months of the preceding

birth.

Table 3. Estimated percent reduction in stunted children by eliminating teenage pregnancy and birth intervals ,24 months* by
World Bank region within DHS sample.

% of births
occurring to
teenage mothers

% of births
occurring ,24
months birth
spacing

Partial PAR%
Teenage
pregnancy

Partial PAR% ,24
months birth
spacing

Partial PAR% Teenage
Pregnancy and ,24
months birth spacing

East Asia and Pacific 10.6 18.4 2.3 (1.0–3.5) 2.2 (20.2–4.6) 4.3 (0.6–7.9)

Europe and Central Asia 16.4 18.5 5.3 (3.9–6.7) 1.8 (21.7–5.3) 6.6 (1.4–11.8)

Latin America and the Caribbean 21.5 17.8 5.2 (4.7–5.8) 1.2 (0.2–2.1) 5.6 (4.0–7.1)

Middle East and North Africa 11.9 21.9 0.8 (0–1.6) 3.0 (1.7–4.2) 3.6 (1.5–5.7)

South Asia 23.8 16.3 6.9 (6.2–7.6) 2.3 (1.5–3.2) 8.6 (6.9–10.3)

Sub-Saharan Africa 18.3 14.6 3.8 (3.4–4.3) 2.0 (1.6–2.4) 5.4 (4.5–6.2)

PAR% = Population attributable risk % or the % of stunting cases that can be attributed to the risk factor(s) of interest.
* Assuming all teenage pregnancies would occur at a maternal age of 20–26 years and all birth intervals ,24 months would occur at 24–36 month intervals. Regional
specific also used in calculation of partial PAR%.
doi:10.1371/journal.pone.0102391.t003
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A primary concern in the interpretation of DHS analyses is the

cross-sectional nature of the data. While reverse causality concerns

are often salient in cross-sectional studies, the potential for reverse

causation should be minimal in this analysis due to the known

temporal ordering of events. Nevertheless, residual or unmeasured

confounding is possible. Residual confounding by socioeconomic

status may be of particular importance because household asset

ownership may not completely capture relative economic stand-

ing, especially for households in urban slum areas. More generally,

birth timing decisions are the result of a complex set of individual,

social, and other contextual factors, whose omission could

potentially bias the results presented, so that the estimated

associations may not necessarily reflect the true causal effect of

interest.

The results presented in this study suggest that young maternal

age and short birth intervals are risk factors for restricted linear

growth, which implies that lowering adolescent fertility and

increasing birth intervals has the potential to substantially reduce

the number of stunted children, particularly for the South Asian

region. Even though birth timing is the result of a complex

combination of biological, social, and behavioral factors

[3,5,18,20,22,23,35,42,43], large reductions in adolescent fertility

[44] and short birth intervals [21] through increased availability

and use of contraceptives seems possible. More than 900 million

women are estimated to still face unmet needs for contraception

globally [45], and the potential improvements in child physical

growth shown in this paper provide further evidence in support of

expansion of family planning services.
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