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Do firstborn children have a height advantage? Empirical findings
have found mostly that, yes, second or higher-order children often
lag behind firstborns in height outcomes, especially in developing
countries. However, empirical investigations of birth-order effects
on child height overlook the potential impact that birth spacing
can have. We provide an explanation for the negative birth-order
effect on stunting outcomes for young Indian children and show it
is driven by short preceding-birth spacing. We find that firstborn
children are taller than children of higher birth order: The
height-for-age gap for third (or higher)-order children is twice the
gap for children second in birth order. However, this pattern is ob-
served when spacing between later-born children and their immedi-
ate elder siblings is fewer than 3 y. Interestingly, the firstborn height
advantage disappears when later-born children are born at least 3 y
after their elder siblings. Thus, our findings indicate that spacing
length between children explains differences in height, over birth
order. Although India’s family planning policy has resulted in a sub-
stantial reduction in total fertility, its achievement in spacing subse-
quent births has been less impressive. In showing that spacing can
alleviate or aggravate birth-order effects on attained height, our
study fills an evidence gap: Reducing fertility alone may not be suf-
ficient in overcoming negative birth-order effects. To reduce the det-
rimental effects of birth order on child stunting, policy responses—and
therefore research priorities—require a stronger focus on increasing
the time period between births.
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hild undernutrition continues to be a problem in low-and
middle-income countries, and adversely affects child sur-
vival and well being (1). While child undernutrition is gauged by
several indicators, stunting—a key marker of chronic undernu-
trition obtained by comparing child height with that of children
in the same age group in a healthy reference population—is at
the forefront of discussion because of its vast prevalence across
all developing regions and its important consequences for health
and development. Almost all of stunting takes place in the first
1,000 d from conception to 2 y of age, but its consequences
follow throughout adulthood. These consequences are largely
irreversible, making stunting an extremely critical condition (2,
3). Children who are stunted are vulnerable to disease and
mortality during childhood and run a much higher risk of de-
veloping deficits in later-life outcomes, including in adult height,
cognitive and intellectual ability, and as a consequence, on
schooling attainment, productivity, and earnings (4-10). Fur-
thermore, if stunting is accompanied by excessive weight gain
later in childhood, there is an increased risk of developing adult
obesity and nutrition-related chronic diseases, including cardio-
vascular disease, stroke, and type 2 diabetes in adult life (see, for
example, ref. 6). In addition, stunted girls carry additional risk of
having adverse pregnancy outcomes and reproductive compli-
cations as adults, leading to detrimental intergenerational effects
(11, 12). Nevertheless, stunting is preventable, and reducing it is
an important component of overall development for the well
being of children.
In recognition of the high social and economic costs of
stunting, efforts are ongoing to address this public health issue,
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including programs aimed at reducing poverty and inequality,
improving dietary intake and access to healthcare services, and
improving the hygiene environment. Childhood stunting has
declined by 35% from a global estimate of 253 million in 1990,
with over 90 million children protected from suboptimal growth
and a large number of child deaths prevented. However, this
decrease is small relative to the overall burden, as over 161
million children under 5 y were reported to be stunted in 2011
(13). Furthermore, there is a large disparity in numbers across
regions, with the highest number of over 69 million stunted
children living in South Asia and with India bearing 90% of this
regional burden (14). Thus, although stunting levels have been
reduced, the progress has been both uneven and suboptimal (15).
There is need to develop strategies, policies, and programs tai-
lored to local conditions, which in turn require a case-by-case
approach to identify what other conditions may be predisposing
children to poor height in certain regions, and also, within
regions.

Birth order—an indicator of a child’s position in the age hi-
erarchy of siblings—has been used time and again to explain
variation in height outcomes in children. Children born to the
same parents share the same genetic make-up; yet, the order in
which they are born exposes them to different biological and
behavioral environments (16, 17). Through differences in health
endowments and parental investments, birth order often affects
the health and nutritional outcomes of children. Hence, birth-
order effects reflect differences in the unshared environment
within a family. The literature on child stunting has provided
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significant evidence from across countries that children of lower
birth order are at an advantage, compared to children of higher
birth order. Firstborn children are taller compared to those born
subsequently, and this height advantage increases sharply over
the higher order of birth of siblings. Explanations for the firstborn
height advantage have addressed issues, such as better health en-
dowments of the firstborn at birth and parental favoritism toward
some offspring over others—usually the eldest son—generating
more prenatal and postnatal investments, greater time investment
in child care, longer duration of breastfeeding, and also affecting
the desire for having more children (18-24).

However, an important factor in assessing the birth-order ef-
fects on child health and nutritional outcomes is the length of
interval between two consecutive births: That is, birth spacing. A
wealth of studies have shown that a short length of birth spacing
is associated with higher risk of maternal mortality and adverse
subsequent birth outcomes, such as child mortality, preterm
birth, small for gestational age, and low birthweight, though the
degree to which the relationship holds varies substantially across
countries (25-29). These associations stem from the biological
factor commonly referred to as maternal depletion syndrome
(26, 30). Closely spaced pregnancies may not allow sufficient
time for the mother to restore her depleted micronutrient and
macronutrient stores from the previous birthing, which in turn
may reduce her ability to provide a favorable fetal growth envi-
ronment in subsequent pregnancies and sufficient breast milk
production postdelivery. Literature also suggests short birth
spacing is associated with suboptimal parental care practices,
which adversely affect the health and nutritional outcomes of
siblings born close to each other. For example, the birth of a new
baby may reduce the parental care time devoted to older siblings,
as well as result in poor postnatal investment; similarly, a new
pregnancy may reduce or curtail breast milk production, which
may lead to suboptimal feeding for older siblings.

While the aforementioned channels show the potential for
longer birth spacing to influence nutritional outcomes of chil-
dren more positively, especially for the later born, empirical in-
quiry into the spacing order linkages is limited. We believe that
birth order and height linkage can be better understood by ex-
amining the interaction between birth order and birth spacing.
Using an illustrative example of India in this paper, we demon-
strate that the negative association between increasing birth or-
der and child height is driven by the short length of interval
between births. We link height-for-age standardized scores
(HAZ) of children under 5 y, recorded in the latest Indian De-
mographic and Health Survey (DHS), to an indicator of birth
order, disaggregated by the length of preceding birth spacing.
When birth order is considered alone, we find that firstborn
children on average are taller than children of higher birth order.
This result is consistent with previous research on birth order.
However, we discover noteworthy changes in the patterns of the
HAZ gap between firstborn and subsequent children on com-
bining birth order with preceding birth spacing. We find that the
firstborn height advantage is significant if birth spacing between
the higher-order child and its immediate elder sibling is less than
3y, and this advantage gets steeper with increasing order of
birth; that is, the height advantage for firstborns, compared to
children from third or higher-order births, is almost twice the
height advantage for firstborns, compared to children of second-
birth order. Interestingly, if the birth spacing between the higher
birth-order child and its immediate elder sibling is 3 or more
years, the firstborn height advantage disappears and becomes
insignificant. This is true with respect to the gap for all higher
birth-order children. Thus, higher birth-order children, on av-
erage, are as tall as firstborn children if they are appropriately
spaced. Our results emphasize the importance of time between
births in determining height outcomes of young children, over
birth order, and demonstrate how spacing length may weaken or
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strengthen the birth-order effect on child height. Designing and
implementing policies and interventions that affect knowledge
and attitude toward healthy spacing could significantly impact
the health, nutrition, and accomplishments of young children.

However, we emphasize at the outset that our analysis is ex-
ploratory in nature. An ideal dataset for comparing height out-
comes across birth orders would require longitudinal data,
recording all pregnancies conceived by a woman with predelivery
and postdelivery information related to healthcare, as well as
feeding practices for every living child. Because of the absence of
datasets that cover all these aspects, we rely on DHS data, which
are closely but imperfectly suited to the question at hand. The
nature of DHS is such that anthropometry is recorded only for
children below 5 y, and for many healthcare and dietary intake
variables the information is collected only for the youngest child
born to the mother. Hence, the reduced sample size and data
limitations preclude our ability to establish causality. However,
the large sample size is sufficient to assess subgroup and inter-
action effects. We address several possible biases or limitations
of using survey data with additional analyses.

Variation in Child Height by Birth Order and Birth Spacing

The data used in this paper come from the fourth round of In-
dia’s DHS, commonly known as National Family Health Survey-
4 (NFHS-4), which was conducted in 2015 to 2016. The survey
provides nationally representative sample data on the health and
demography of the Indian population. Since NFHS-4 collected
height data only for living children under 5y, our analysis is restricted
to this age group and the analytical sample is comprised of 223,662
children. Additional sample details are covered in Data Description
and summary statistics are provided in SI Appendix, Table S1.

The birth order of the children in our sample averages around
2.26 (for details, see SI Appendix, Table S1), slightly less than the
average number of children Indian women have over their life-
time (total fertility rate is 2.54 children per woman). We,
therefore, classify birth order into three categories: Firstborn for
children with birth order 1, secondborn for children with birth
order 2, and third(+)-born for children with birth order 3 and
higher. SI Appendix, Fig. S1A shows that ~63% of the sample is
comprised of later-born births [i.e., secondborn and third(+)-
born]. Later-born children, by definition, have elder siblings, who
may or may not be surviving. We term the length of time between
the birth of a later-born child and the birth of its immediate elder
sibling as preceding birth spacing (PBS). This is commonly
known as an interbirth interval in the literature [see, for example,
Winikoff (29)]. By this definition, first-born children have no
PBS. We disaggregate later-born children by their PBS and
classify them as later born with PBS less than 3 y (PBS < 3y) or
later born with PBS equal to or greater than 3 y (PBS > 3 y). This
classification results in four categories of later-born children:
Secondborn and third(+)-born, each combined with PBS < 3y
and PBS > 3y, respectively. SI Appendix, Fig. S1B shows that
60% of later-born children fall in PBS < 3 y category. The cri-
teria of using 3 y as the cutoff is based on the World Health
Organization (WHO) recommendation for women of repro-
ductive age to have a minimum interval of at least 24 mo after a
live birth before attempting the next pregnancy, to reduce the
risk of adverse maternal, perinatal, and infant outcomes (31).
Assuming that a healthy pregnancy should last for 9 mo, this
recommendation corresponds to spacing length of 33 mo be-
tween two live births. The average PBS for later-born children in
India is just a month lower than the WHO recommended level; a
median of 32 mo, PBS varies widely by age group: ~85% of the
women aged 15 to 19 y and 60% of the women aged 20 to 29 y
have birth spacing of less than 32 mo (for details, see SI Ap-
pendix, Table S2).

To establish the relationship between birth order, birth spac-
ing, and child height, we begin by comparing the average HAZ
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A: HAZ by birth order only

B: HAZ by birth order, adjusted for preceding birth spacing
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Fig. 1.

Child height by birth order. The bars represent the mean HAZ for Indian children. (A) Plot of the mean HAZ by birth order only. (B) Split of the later-

born children [secondborn and third(+)-born] by length of PBS (PBS < 3y and PBS > 3y) and plot of the mean HAZ by order-spacing categories. The mean HAZ
is calculated over all children under 5 y living in rural and urban India. The confidence band is constructed at the 5% level of significance.

by birth order. Fig. 14 shows the change in HAZ by birth order,
pooling all children under 5 y, living in either rural or urban areas.

Moving from firstborns to higher-order births, we see that a
height deficit emerges, and this deficit increases sharply with
birth order; the height gap between third(+)-born and firstborns
is four times the gap between secondborns and firstborns. The
gap explains the negative effect of higher birth order. Fig. 1B
substantiates the key fact that underlies our analysis: Short PBS
largely explains the firstborn height advantage. Upon plotting
HAZ against the combined measure of birth order and PBS with
five categories, firstborn plus four interacted categories of later-
born children [secondborn and third(+)-born categories inter-
acted with two PBS categories], we observed that height has
greater reactivity to birth spacing, over birth order, leading to
worse HAZ outcomes for those born with PBS < 3y, but rela-
tively better outcomes for those with PBS > 3 y. For example, the
average HAZ deficit for secondborn, relative to firstborn, is 0.1
SD, without adjusting for PBS. After adjusting for spacing
length, the deficit more than doubles for secondborn with PBS <
3y, and changes sign to show a surplus of 0.1 SD for those with
PBS > 3 y.* A similar pattern of widening and shrinking height
deficit is observed with shorter and longer PBS, respectively, for
third(+)-born children, although the mean HAZ for third(+)-
born continues to be worse than firstborn across different PBS
categories. Thus, on average, the negative-order effects on HAZ
outcomes, as seen in Fig. 14, are largely seen for children with
PBS < 3y in Fig. 1B.

To establish how the relationship works in a regression ap-
proach, we first show the independent association between child
HAZ outcomes and birth order by estimating Eq. 1, below. As
poor height may result from a complex interaction of deep social,
economic, and political processes, as well as water quality, dis-
ease burdens, and sanitation, driving these intermediate out-
comes, we include several background variables and controls in
our regressions to rule out the possibility of spurious association.
The summary statistics on the relevant controls are presented in
SI Appendix, Table S1.

}]imd = ﬁl 2ndb0mimd + ﬁ23rd(+)bomimd + GA/imd + Eimd, [1]
where Y,,,; is the HAZ outcome for child i born to mother m in

district d; 1 ($»), commonly referred to as the birth-order gra-
dient, estimates the order effect, that is, the height gap between

*The deficits are obtained by subtracting the mean HAZ of firstborns from that of later-
born children.
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secondborn children [third(+) birth-order children] and the first-
born children (omitted birth order category); & is a vector of
coefficients for Xj,,,4, which is a matrix of controls for background
characteristics that affect children’s height outcomes.

Column 1 in Table 1 shows the coefficients of the linear re-
gression of HAZ for children below 5 y of age. The birth-order
effect persists when we control for a broad set of demographics
and socioeconomic and environmental predictors of child height,
although the magnitudes have changed slightly. Relative to being
born first, children born later have worse height outcomes. In
terms of magnitude, the height deficit is double in size for
third(+)-born (-0.22 SD) than secondborn (-0.11 SD), implying
the farther the rank of the child in the age-hierarchy of all its
siblings, the poorer the HAZ.

To document how the HAZ gap unfolds across different
lengths of birth spacing, we estimate Eq. 2, which expands the
later-born birth-order categories to include the length of PBS™

Yina = p112ndborn X PBS<3years;n  + B1,2ndborn X PBS
> 3yearsing + P,,3rd(+)born X PBS<3years;y,
+ By, 3rd(+)born X PBS
> 3yearsSima + 8Xima + Eima- [2]

By considering an interaction of birth order with PBS, we
disaggregate the height disadvantage by spacing length. Column
2 in Table 1 shows the regression coefficients obtained upon
replacing the birth-order variable in the previous model (column
1 in Table 1) with an interacted measure of birth order and birth
spacing. We find that the HAZ deficit for children of higher birth
order widens if they were born with a PBS < 3 y; secondborns are
0.16 SD shorter than firstborns, whereas the deficit for third(+)-
borns is 0.26 SD. Interestingly, with the recommended PBS >3y,
the deficit completely disappears for secondborns (0.01 SD) and
for third(+)-borns, although it remains weakly significant at 5%,
the deficit decreases considerably in magnitude (-0.06 SD).
Hence, consistent with the pattern previously observed in Fig. 1,
the strength and direction of the relationship between birth or-
der and child height vary by spacing length.

"The meaning of preceding birth spacing depends on the birth-order variable by con-
struction (spacing is valid or applicable only for later-born children). Hence, having birth
spacing as an interaction with birth order seems more appropriate. Conceptually, we see
birth order and spacing representing a classic case of nested designs, where spacing is a
nested factor and birth order is a nesting variable. In such models, having both factors
acting independently as well as interactively does not make sense.
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Table 1.

1 2

The effect of birth order on child HAZ, by preceding birth spacing

3

Secondborn
Third(+)-born
Secondborn x PBS < 3y

—0.11*** (0.01)
—0.22*** (0.01)
—0.16*** (0.01)

—-0.16*** (0.01)

—0.16*** (0.03)

—0.15*** (0.03)

—0.39*** (0.07)

Secondborn x PBS > 3y 0.01 (0.02) 0.01 (0.02) 0.02 (0.03) 0.03 (0.03) —0.18** (0.08)
Third(+)-born x PBS < 3y —0.26*** (0.02) —0.26*** (0.02) —0.25*** (0.03) —0.22*** (0.04) —0.65*** (0.08)
Third(+)-born x PBS > 3y —0.06*** (0.02) —0.05** (0.02) —0.04 (0.03) —-0.01 (0.04) —0.25*** (0.08)
Mean outcome of firstborn -1.35 -1.35 -1.35 -1.35 -1.35 -1.35

PSU FE No No Yes Yes Yes No
Mother’s FE No No No No No Yes
Gestation length No No No Yes Yes Yes
Previous pregnancy status No No No Yes Yes Yes
Sibling size No No No No Yes No
Observations 212,774 212,774 211,787 211,461 211,461 91,653

R? 0.165 0.165 0.324 0.325 0.325 0.676

Authors’ calculation using sample of children aged 0 to 60 mo with valid data on child height, birth order, and birth spacing, extracted from NFHS-4 (2015/
16). SEs appear in brackets and are clustered by mother in all regressions. Firstborn is an indicator for children whose birth order is 1 and is the omitted
category; secondborn is an indicator for children whose birth order is 2; third(+)-born is an indicator for children whose birth order is 3 or higher; PBS <3y is
an indicator for children who were born within 36 mo of the preceding birth to their mother; PBS > 3 y is an indicator for children who were born 36 or more
months after the preceding birth to their mother. Columns 1 and 2 include child-level variables: An indicator for child’s age (in months), gender and type of
pregnancy outcome (single or multiple); mother-level variables, such as mother’s age at birth, height (in centimeters), a measure of diet diversity, and
indicator variables for mother’s education, daily television viewing, reading of news weekly or more frequently, and low body mass index; household
controls, which include a measure for household wealth computed using International Wealth Index, the number of people living in the household, and
indicators for caste and religion of the head of the household head, access to safe handwashing facilities, access to piped water for drinking, open defecation,
following of safe stool disposal practices, and a measure of community-level availability of improved toilet and location-specific controls (rural or urban and
district dummies). Column 3 is the PSU FE and is on the sample of clusters with two or more children less than 5y old. Cluster in NFHS sampling refers to the
PSU, which is a village in rural India and a block or neighborhood in urban India. Column 4 is PSU FE + additional control for the confounding effect of
duration of pregnancy and outcome of previous pregnancy of the mother (alive, dead, or terminated); this is our preferred/main specification. Column 5
controls for the confounding effect of sibling size along with column 4 controls. Column 6 is a mother’s FE is on the sample of mothers with two or more
children less than 5 y of age. **P < 0.05, ***P < 0.01.

As mentioned earlier, DHS does not offer the ideal structure  village in rural India and a block or neighborhood in urban India.

to estimate the effect of birth spacing. There are endogeneity
concerns, which could potentially confound our estimates of in-
terest, and we have made several attempts to account for them
within the bounds imposed by the nature of the NFHS/DHS
data. The first confounding effect arises from unobserved
community-level heterogeneity (32). It is well established that
height outcomes in India differ substantially by location; it may
happen that fertility behavior is correlated within a community.
To overcome this, we ran a cluster-level fixed-effect (FE) re-
gression that accounts for time-invariant geographical differ-
ences that might affect child outcomes. This automatically
controls for rural and urban differences. Cluster in NFHS-4
sampling refers to the primary sampling unit (PSU), which is a

Column 3 of Table 1 reports the cluster-level FE (or PSU FE),
and we see there is no significant change in the magnitude of
coefficient estimates. The second important confounding effect
may arise from the definition of the birth spacing variable, as
highlighted in the child mortality literature [see, for example,
Winikoff (29)]. Some might argue that the interpregnancy in-
terval (i.e., the length of time between two conceptions) is a
better way to measure spacing length, as it also accounts for
terminated pregnancies. This can also be a cause of concern, as
the recommended level of spacing following a terminated preg-
nancy is different from that after a live birth. However, given that
reproductive history is based on recall, it is difficult to get at the
exact timing of conception of all births of women, and we use the

.03

—

Mean gap in height-for-age z-scores (HAZ)
1

-.04

Preceding birth spacing (PBS) -25
4 [ PBs<3
g years PBS 2 3 years
2nd Born 3rd+ Born

Fig. 2. Child height gap by birth order. The bars represent the mean gap in HAZ-scores between firstborn and later-born children [secondborn and
third(+)-born]. The gap is estimated for two lengths of PBS, i.e., with PBS < 3y and PBS > 3y. The confidence band is constructed at 5% level of significance.
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interbirth interval. To rule out the possibility of any bias, we
controlled for whether there were any terminated pregnancies in
between the two births considered to calculate the PBS, as well
as the approximate duration of pregnancy of the reference child.
In addition, we controlled for the living status of the elder sibling
of later born children, as literature has shown that for the same
spacing and order, a child whose previous sibling is surviving has
poor HAZ compared to a child with an elder sibling that has not
survived (33). Controlling for these factors in column 4 of Ta-
ble 1 does not change the pattern or magnitude of the coeffi-
cients attached with PBS < 3 y. Interestingly, for PBS > 3 y, we
saw that the coefficient on the interaction with third(+)-born
becomes insignificant, like that with secondborns, implying that
PBS of 3 or more years has the potential to completely offset the
firstborn height advantage, even for third and higher birth-order
children. We call this specification of covariates our main
specification.

To ascertain whether the spacing effect changes with birth
order, we plotted the coefficients for our main specification
(column 4 of Table 1) in Fig. 2: There was no significant HAZ
gap for PBS > 3 y. This can be seen from the yellow bars in in
Fig. 2, as they always include 0 in the confidence band. The
confidence band for secondborn and third(+)-born overlap, in-
dicating third(+)-born are as tall as secondborns as well as
firstborns. An interesting takeaway from this result is that the
positive effect of having a longer spacing is similar in each cat-
egory of later-born children. This can be seen by adding up the
coefficients in the blue and yellow bar (Fig. 2), -0.19 SD for
secondborn and -0.21 SD for third(+)-born. Our finding
strengthens the instrumental role that birth spacing plays in de-
fining birth-order effects. However, for PBS < 3y, it is important
to highlight that the HAZ gap increases with birth order, indi-
cating that negative-order effects emerge due to short spacing.

In column 8 of SI Appendix, Table S5, we report the results of
using the WHO recommendation of 33 mo as the cutoff to
classify PBS instead of 36 mo. On using this alternative criterion,
we continue to see a significant height deficit for third(+)-born
with PBS > 33 mo. This suggests that there are threshold effects
and justifies the usefulness of using the 36-mo criterion. Next, we
reran the model using a continuous variable in months for PBS
instead of using a 3-y cutoff and found similar patterns. The
results are presented in SI Appendix, Table S6 and Fig. S4.

A potential source of bias frequently highlighted in the birth-
order literature is the effect of “sibship size” (34). The height
difference between firstborns and later-born children might
emerge because later-born children come from larger families
and larger families are more likely to be poor, which in turn may
lead to poor child nutritional outcomes. We find that our esti-
mated patterns are robust to controlling for sibling size, as seen
in column 5 of Table 1. A common approach to handle the
sibling size issue is to estimate a “within-family FE” (or “mother
FE”) model that holds fixed the unobserved and observed
mother-level factors that are common among siblings. Thus,
eventual family size and genetic factors are controlled for by
construction, as they are same across siblings. This specification
also absorbs the unobserved heterogeneity at the household as
well as cluster level. However, the way in which NFHS data are
collected limits the appropriateness of the mother FE model for
our analysis. NFHS only collects anthropometry for children
born within 5 y preceding the survey. Since mother FE is re-
stricted to the subsample of mothers who have more than one
child, the subsample will primarily include children born with a
shorter birth spacing. We see the sample size is significantly
lower in column 6 of Table 1. We find that the coefficients for
interaction with PBS < 3 y are significantly larger (in absolute
terms) than those seen in column 4 of Table 1, across all birth-
order categories. Thus, HAZ outcomes are worse for second-
borns and worst for third(+)-born for PBS < 3y. The coefficients
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on the interaction with PBS > 3 y are smaller in comparison to
those with PBS < 3y, implying a similar pattern of reducing
deficits with longer spacing. However, they are not insignificant,
suggesting the firstborn height advantage persists. Because of the
limited sample in the category of PBS > 3y, we cannot establish the
effect of longer spacing length, and the mother FE can be criticized
on the basis that this subsample of women might not be repre-
sentative of all women. Nevertheless, the analysis helps in
strengthening the results with respect to the short length of spacing.

For many predictors of child health and nutrition, the NFHS
does not collect information for all children under 5 y. Two
useful predictors include prenatal and postnatal healthcare given
to the child and child-feeding practices adopted by the mother.
The prenatal and postnatal healthcare utilization information is
available for the youngest child below 5 y in the family, and in-
formation on child-feeding practices is available for the youngest
children between 6 and 24 mo in the family. SI Appendix, Table
S3 reports the results for these subsamples using the covariates
from our main specification, along with additional controls
available for them. Restricting our analysis to subsample with the
youngest child under 5 y (see column 1 of SI Appendix, Table S3),
we see a slight decrease in the magnitude of coefficients asso-
ciated with interaction with PBS < 3 y across birth orders, but
they remain significant and the pattern is similar to our main
specification. For the second subsample with children between
age 6 and 24 mo (child-feeding practices sample), there is a
significant decline in the magnitude as well as loss of significance
in the coefficients associated with interaction with PBS < 3y (see
column 2 of ST Appendix, Table S3). For interaction with PBS > 3
y, we see a height premium accorded to secondborns, over
firstborn, as the gradient is significantly positive; the interaction
for third(+)-born is insignificant, as before. We suspect that
differences in the results could be driven by demographic dif-
ferences rather than those on information related to feeding
practices.”

To understand these results better, we split our entire sample
of children into two age categories, one below 2 y and the other
between 2 and 5 y, and estimated our main specification by
subgroups of age. The results are reported in columns 3 and 4 of
SI Appendix, Table S3. For the between 2- and 5-y sample, we
observed the same pattern with similar magnitude and signifi-
cance as in the main analysis (column 3 of SI Appendix, Table
S3). For the 0- to 2-y sample, however, we noticed that the co-
efficient for interaction with PBS < 3y are lower in magnitude as
well as significance (column 4 of SI Appendix, Table S3). This
leads us to believe that significant and important changes happen
in the child’s body in the first 2 y of life and some factors may
take more time to manifest their true impact on child health.

Several studies have shown that young girls have better HAZ
outcomes compared to boys in India at a given point in time. In
SI Appendix, Table S4, we carry out a disaggregated analysis by
gender of the children to determine if there are any differences
in spacing order estimates. Column 1 of SI Appendix, Table S4,
shows that, indeed, girls have better outcomes than boys in terms
of HAZ. Firstborn girls are 0.12 SD taller than firstborn boys.
The advantage of girls in HAZ is seen across higher birth-order
categories, although the difference is insignificant at birth order
3 (or higher). Furthermore, to show whether the short birth
spacing is significant for the short stature of subsequent children
varied by the gender of the elder siblings, we split the spacing
order categories by the gender of the first child (column 2 of ST
Appendix, Table S4) and gender of the second child (column 3 of
SI Appendix, Table S4). We found no difference in the spacing-

*SI Appendix, Fig. S2 plots average HAZ by child’s age in months by birth-spacing cate-
gories (for other than firstborns). We find that the HAZ continuously decreases up to the
age of 20 mo for all PBS and stabilizes after the age of 20 mo.
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order estimates by the gender of the firstborn (column 2 of SI
Appendix, Table S4) and secondborn (column 3 of SI Appendix,
Table S4) siblings, except for third(+)-born children with PBS >
3y, which is weakly significant at the 10% level in column 2 of ST
Appendix, Table S4. In this case, third(+)-born children with
PBS > 3 y continue to experience a height disadvantage if the
firstborn sibling is a boy. However, the difference is insignificant
if the firstborn is a girl. The results do not vary when we account
for the gender of the second child.

Wide regional heterogeneity among Indian states in child
height outcomes, as well in key development indicators, is well
known. The same is also true for fertility patterns. In SI Ap-
pendix, Table S5, we estimate the spacing-order linkage for
children living in seven high-fertility states of Uttar Pradesh,
Bihar, Rajasthan, Madhya Pradesh, Chhattisgarh, Jharkhand,
and Assam. Interestingly, the magnitude of coefficients on the
interaction with PBS < 3y in high-fertility states (column 1 of ST
Appendix, Table S5) is not meaningfully different from the main
results observed in our main analysis, but the coefficients for
interaction with PBS > 3 y is significantly positive for second-
borns. This shows the potential of a height premium enjoyed by
secondborns once the fertility levels are reduced in high-fertility
states, which also happens to be the states with the worst
HAZ outcomes.

Finally, to find out whether short birth intervals have more
detrimental effects on illiterate vs. educated mothers and in
younger vs. older mothers, we carried out sensitivity analysis
based on mothers’ characteristics. In columns 2 to 4 of SI Ap-
pendix, Table S5, we compared our spacing-order estimates
across different mother’s education categories by dividing the
sample into three groups based on educational qualifications of
the mother—illiterate, below secondary, and secondary and
above—and reran the analysis. The only difference is seen in the
significance of coefficients for children born to mothers with
more than secondary education. The coefficients are insignifi-
cant across all birth-order (and spacing) categories. In columns 5
to 7 of SI Appendix, Table S5, we divided the sample into three
groups based on mother’s age at the time of birth: Age 24 y or
below, between 25 and 29, and age 30 or above. The coefficients
for the age groups below 24 y and between 25 and 29 are in line
with our main result: That is, that later-born children with PBS <
3y are at a disadvantage, compared to firstborns, but not if the
PBS > 3y. In fact, the coefficients associated with PBS > 3y are
significantly positive for children of higher birth order who wore
born to mothers 24 y old or younger. Given that Indian women
begin childbearing early, this result emphasizes the benefits and
importance of increasing spacing length for younger mothers and
advancing the age at birth. The coefficients for the sample of
children born to women age 30 and older are insignificant across
all spacing order categories, but this is mainly because of the very
low sample size observed for this set of children. The estimations
here demonstrate the consistently strong spacing order linkages
with child height outcomes across several specifications of
covariates and for different subsamples. In the next section, we
proceed with the implications of our results for policymaking.

Discussion

Maternal and child health and nutritional outcomes in devel-
oping countries are global health priorities. The United Nations’
Sustainable Development Goal 3, “Ensure healthy lives and
promote well-being for all at all ages,” sets targets to improve
maternal, child health, and nutritional outcomes in the lagging
regions by 2030. In this paper, we present some facts on India’s
fertility behavior and outline a coherent story of poor child
height outcomes consistent with the facts. Specifically, we dem-
onstrate that the firstborn height advantage is essentially an
outcome of short interbirth spacing. Later-born children tend to
be as tall as firstborns if spacing of at least 3 y is maintained
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between children. From a policy perspective, birth-order effects
are particularly interesting, as they are not systematically related
to genetic endowments, and thus, have biological or behavioral
underpinnings. A better understanding of how the length of birth
spacing drives the height outcomes of higher birth-order children
could inform policies aimed at improving the health and nutri-
tion status of the population.

This paper contributes to the research on child health and
nutrition in several ways. First, a range of predictors of poor
height outcomes in India have been documented in the litera-
ture. For example, Coffey and Spears (35) pointed out the high
rate of open defecation and disease environment as important
predictor of poor child height in India; Jayachandran and Pandi
(19) argued for intrahousehold gender dynamics as an explana-
tion of poor height; Headey et al. (36) highlighted low dietary
diversity and poor food systems in India; and Das Gupta et al.
(37) pointed to the inefficacy of India’s nutrition policy, showing
shortcomings of the nutritional programs. A recent study by
Nguyen et al. (38), using the same round of NFHS as our study,
showed that teen pregnancy is strongly related to child stunting
in India. Our paper focuses on the extent to which the spacing
between births influences height outcomes of young children, an
area on which the literature is more limited. Several studies in
the Indian context have used logistic regressions to link binary
indicators of child undernutrition with the length of birth spacing
(see, for example, refs. 39-41). We contribute to this literature
by demonstrating the importance of including birth spacing in
the ongoing debate on birth-order and child-stunting outcomes
in India, and identify patterns within the order effects. The
spacing effects continue to hold when we control for sibling size.
Second, unlike many other risk factors for child (and maternal)
undernutrition, such as socioeconomic status, women’s empow-
erment, or sanitation, the length of time between births is easily
modifiable—through improved access to family planning and
contraceptive counseling and services—making it an attractive
target for public health intervention. The results from the anal-
ysis help to develop an evidence base for effective interventions
to put optimal birth-spacing recommendations into practice
for India.

In India, the average number of children born to a woman
during her lifetime has been declining, though it still stands
slightly over the replacement level of 2.1. However, it is alarming
to see that there has not been any significant change in the
pattern of birth spacing observed over the years, despite birth
spacing being a key component of India’s Family Planning pro-
gram. In 2015, ~60% of women surveyed waited less than the
recommended level of at least 3 y before delivering their next
child, a drop of only 2% since 1992 to 1993 (NFHS-1). Ado-
lescent marriage and pregnancies continue to be a major chal-
lenge in India: 27% of adolescent girls reported to be married
before the legal age of 18 y, and 31% of these married girls had
delivered a child by age 18 y. These figures point to the dis-
proportionately large share of births occurring below the rec-
ommended levels of birth spacing, as well as age at which the
woman experience their first pregnancy. At the same time,
however, these figures highlight the potential for substantial in-
crease in spacing length and postponing of births to later ages,
and hence, reducing adverse maternal and child health and
nutritional outcomes.

While postponing marriage and childbirth is acknowledged as
an important measure for improving maternal outcomes in India,
the importance given to the benefits of healthy spacing in current
maternal and child nutritional policies and interventions is not
sufficient. Birth spacing is one of the components of family-
planning policies to limit fertility and lower population growth;
however, Indian women continue to bear children early in their
reproductive period. By the age of 27 y, the average Indian
woman has already given birth to 2.5 children, and 60% of these
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women reported no desire to have more children. This reflects
ineffective delivery of the birth-spacing component in family
planning. Recently, the Ministry of Health and Family Welfare
launched Mission Parivar Vikas in 145 high-fertility districts in
seven high-fertility states® to accelerate access to high-quality
family-planning choices, based on information, reliable ser-
vices, and supplies (42). Our results for these high-fertility states,
which coincides with states with relatively poor child HAZ,
shows that second-born children with PBS > 3 y, experience a
height premium over that of firstborns. Such support for family-
planning programs would contribute not only to reductions in
maternal and child mortality, but to improved child health and
overall development. Hence, there is a need to integrate family-
planning approaches with nutritional interventions.

Our results also provide necessary support for children to be
breastfed for extended time periods. Research from many de-
veloping countries have found adverse effects of suboptimal
breastfeeding and complementary feeding practices on child
undernutrition. The WHO and the United Nations Children’s
Fund (UNICEF) recommend exclusive breastfeeding for the first
6 mo of a baby’s life and continued breastfeeding for 2 or more
years, along with complementary feeding from 6 mo. If longer
birth spacing is maintained, it will allow for greater care time for
older children, including the possibility of longer breastfeeding,
which in turn has a profound impact on a child’s survival, health,
nutrition, and development, as well as health of mothers because
it helps reduce the risk of postpartum hemorrhage.

The accumulating evidence on causes of stunting has estab-
lished that it is a multidimensional problem. It is a problem of
the quality of diet, as well as knowledge of timely introduction of
complementary foods; of mother’s health at the time of preg-
nancy and lactation; of adequate breastfeeding; of frequent ill-
ness, poor care practices, and lack of access to health and other
social services; and of sanitation and the disease environment.
Stunting is preventable but requires a strong behavioral change,
which is possible by spreading awareness and knowledge. Hence,
education plays a very important role. Education in India is still
distributed differently by gender, with very high rates of illiteracy
among women. It is necessary to educate women about the
benefits of healthy fertility patterns. Since childbearing in India
starts early, and the interval between marriage and first birth is
small, it is important to introduce interventions that target girls
attending school. Furthermore, interventions cannot ignore the
important role that men play in deciding the number of children
to have and the time at which to have them. Women in India
have low social status, which limits their ability to be vocal about
their reproductive preferences or to do what they want. The
benefits from educating young girls and females about the im-
portance of healthy fertility behavior may not be a sufficient
intervention if their husbands do not allow such fertility changes
to be made. Hence, behavioral change interventions should
target all those who have direct or indirect influence on preg-
nancy decisions. Public interventions should focus on spreading
information on the risks associated with frequent pregnancies
that may affect the mother, fetus, and child using mass media
technology.

Data Description

The data used in this paper comes from the fourth round of the
National Family Health Survey (NFHS 2015/16). These data
provide a nationally representative sample on the health and
demography of the Indian population. The survey structure
corresponds to the typical structure of demographic and health
surveys conducted in several other countries; hence, the analysis

SThese include Uttar Pradesh, Bihar, Rajasthan, Madhya Pradesh, Chhattisgarh, Jhark-
hand, and Assam.
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can easily be replicated by other countries. The survey collects
separate rural and urban samples for each district in a state,
using a two-stage stratified random sampling design and relevant
sampling weights to select households. At the first stage, the
PSU, which are a village in rural areas and a census enumeration
block in urban areas, were selected using probability propor-
tional to size, and 22 households were then randomly sampled
from each PSU. All women in the age group of 15 to 49y in the
selected households were interviewed, and height and weight
biomarkers were collected for each one of them, as well as for
their children under 5 y. Our analytical sample is restricted to all
live births (single or multiple births) occurring within 5 y pre-
ceding the survey and for whom valid anthropometric data are
available.

For height outcomes, we focus on age-adjusted HAZ z-scores,
which express a child’s height outcomes relative to a reference
population of well-nourished children of the same age. These
z-scores are measured against WHO growth standards, as de-
scribed in de Onis et al. (43). HAZ is a cumulative measure of
child health; a HAZ less than 2 SDs below the reference group is
in indicator of stunting, which indicates that a child has been
unable to reach their full potential both physically and mentally
due to chronic malnutrition. The HAZ were converted to miss-
ing if they were less than —6 or greater than 6 SDs away from the
reference median (this conversion to missing occurred for ~8%
of cases).

We assessed how length of preceding birth spacing can alter
the birth-order effects on child HAZ. When assigning birth or-
der, we included all children born to a woman, living or dead.
Since children from multiple outcome pregnancies were assigned
the same rank, we dropped all but one living child from such
pregnancies. This was necessary because for many healthcare
and dietary intake variables, NFHS collected information only
for one and the youngest child born to the mother. Hence, each
child in the sample has a unique birth order. However, as chil-
dren born from a multiple-outcome pregnancy have a consider-
ably higher risk of mortality and poor health, compared to single
births, we controlled for multiple births in our analysis. The
control may also act as a proxy for child health at the time of
birth (44).

The birth interval has been defined in multiple ways in the
literature: Interpregnancy interval measures the interval between
the outcome of two consecutive pregnancies, irrespective of the
outcome. The birth-to-birth interval measures the interval be-
tween two live births and absorbs any terminated pregnancy in
between. The conception-to-birth interval differs from the pre-
ceding definition in treating the length of gestation, which is
counted as 9 mo when data for pregnancy duration do not exist.
We used the birth-to-birth interval definition since reproductive
history is collected using woman’s recall and it is difficult to get
at the exact timing of conception of pregnancies. However, we
took due care of its caveats. This classification also corresponds
to those commonly used in the mortality literature and those
considered in policy debate, and hence, facilitate comparisons.

As child undernutrition is a multifactorial phenomenon in-
cluding factors like lack of adequate, nutritious food, as well as
poor care practices and lack of access to health and other social
services, we controlled for basic, underlying, and immediate
causes, including socioeconomic and environmental conditions
of undernutrition, as first outlined in UNICEF’s conceptual
framework of child undernutrition almost three decades ago
(45). The framework has evolved to incorporate new knowledge
and evidence on the causes, consequences, and impacts of un-
dernutrition and we account for them to rule out the possibility
of spurious association. SI Appendix, Table S1 provides summary
statistics on the key variables used in the regression. The final
sample consists of 223,662 children, of which 170,559 children
are from rural India and 53,103 from urban India, after excluding
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19,506 (7.98%) observations because of invalid height data, and
a further 13,604 (5.64%) observations because of missing values
for the control variables.

Data Availability. All data used in this study are publicly available
from “The Demographic Health Survey Program’s” data distribution
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