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Abstract
Breastfeeding is negatively correlated with future fertility because nursing temporarily reduces fecundity and because mothers usually wean upon becoming pregnant
again. We model breastfeeding under son-biased fertility preferences and show that
breastfeeding duration increases with birth order, especially near target family size;
is lowest for daughters and children without older brothers because their parents try
again for a son; and exhibits the largest gender gap near target family size, when
gender is most predictive of subsequent fertility. Data from India confirm each prediction. Moreover, child survival exhibits similar patterns, especially in settings where the
alternatives to breastmilk are unsanitary.
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I.

Introduction

Medical and public health research has established that breastfeeding inhibits post-natal
fertility.1 In addition, the physical demands of another pregnancy often cause a mother to
stop nursing her current child.2 These two biological constraints induce a negative relationship between breastfeeding duration and future fertility, especially in developing countries
with limited access to artificial contraception.
In many developing countries such as India and China, son preference is common and
results in a stop-after-a-son fertility pattern: When a daughter is born, parents are more
likely to want to have more children to “try again” for a son (Das, 1987).
The central insight of this paper comes from relating these two results: If son preference
exists, girls will be weaned earlier than boys since parents want to try again for a son.
Given the large health benefits of breastfeeding in environments with contaminated food
and water (Feachem and Koblinsky, 1984; Palloni and Millman, 1986; Habicht, DaVanzo,
and Butz, 1988), such behavior can lead to gender disparities in child health. In contrast to
the standard explanation of gender health disparities—that parents actively invest more in
sons’ health—we show that if parents merely prefer to have sons, then mothers will breastfeed
daughters less, causing a gender gap in health even when parents equally value the health
of all their children. Our results highlight how health disparities can arise “passively” from
fertility preferences, and relate to earlier work (Yamaguchi, 1989; Clark, 2000; Jensen, 2003)
showing that a “try until you have a son” fertility rule results in girls, on average, having
more siblings and thus more competition for household resources.
The paper develops a dynamic programming model of breastfeeding that incorporates its
contraceptive properties and yields several predictions regarding when mothers wean their
children, including the above gender result. First, breastfeeding duration increases with birth
order, as demand for breastfeeding’s contraceptive properties should rise as couples approach
or exceed their ideal family size, and in fact should increase discontinuously once ideal family
size is met. Second, as explained above, as long as some son preference exists, girls are
breastfed less than boys. Third, by the same logic, children with older brothers are breastfed
more. Fourth, the gender effect is largest when a couple approaches its target family size
1

Research suggests that nursing suppresses the Gonadotropin-releasing hormone that regulates ovulation.
Nursing can also cause weight loss, which can disrupt ovulation (Blackburn, 2007). See the next section for
further discussion.
2
In our data, many women cite pregnancy as the reason they stopped nursing. As discussed in the next
section, there are many reasons for this effect, e.g., pregnancy can cause a decrease in breast-milk production
(Feldman, 2000).
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since, at that point, their decision to have another child is highly marginal and thus most
sensitive to sex composition; the effect is smallest for children whose birth order is either
significantly below or above ideal family size since couples will want to, respectively, wean
or nurse such children regardless of gender.
We confirm each prediction using data from the 1992, 1998 and 2005 waves of the National
Family Health Survey in India. Moreover, we find similar gender and birth-order patterns
for child survival as we do for breastfeeding, especially in households without piped water
where the health benefits of nursing are likely to be most important. These results suggest
that in India, the decision about when to wean a child depends heavily on whether or not the
mother wants to become pregnant again, and moreover, that this decision rule disadvantages
daughters as well as other children born to mothers whose demand for children is unmet.
These results have several implications for researchers and policymakers. First, they offer
a new mechanism for gender disparities in child health and thus may partly explain the
“missing girls” problem (Sen, 1990). Back-of-the-envelope calculations suggest that differences in breastfeeding could account for 8,000 to 21,000 missing girls each year in India,
explaining roughly nine percent of the gender gap in child mortality (deaths between ages
one and five).
Second, breastfeeding’s contraceptive effects coupled with its health benefits to children
living in unsanitary environments suggest a negative relationship between total fertility and
child health in developing countries. A mother who wants many children will wean her child
sooner in order to conceive again quickly, with negative consequences for the child’s health.
Conversely, a mother who uses breastfeeding to limit her family size will confer health benefits
to her children. Thus, breastfeeding represents a heretofore unexamined mechanism for the
quantity-quality tradeoff in fertility introduced by Becker (1960), Becker and Lewis (1973),
and Becker and Tomes (1976), and documented in India by Rosenzweig and Wolpin (1980),
among others.
Third, our results have potential policy implications related to modern contraception.
Expanding the availability of birth control could either increase or decrease breastfeeding.
If mothers rely on breastfeeding when more effective forms of contraception are unavailable,
then access to modern birth control might lead them to substitute away from breastfeeding.
Although the benefits of modern contraception may well swamp this potential cost, its introduction may need to be coupled with campaigns to encourage breastfeeding if policy makers
wish to prevent a decline in breastfeeding rates. Moreover, improving water quality may
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become a more urgent policy priority in communities with access to contraception, given the
possible declines in nursing. Conversely, modern contraception could increase breastfeeding
if, by giving mothers greater control over the timing and number of pregnancies, it reduces
their need to suspend breastfeeding due to a new pregnancy.
Section II provides background on the relationship between breastfeeding and fertility.
Section III presents the model, and Section IV describes the data. Section V tests the prediction that breastfeeding increases with birth order. Section VI tests the predictions that
breastfeeding depends on the sex composition of a mother’s children and that this effect
interacts with birth order. Section VII discusses the health effects related to these breastfeeding patterns. Section VIII discusses how access to modern contraception might affect
breastfeeding and offers concluding remarks.

II.
II.A.

Background on breastfeeding and subsequent fertility

Are women less fertile while they breastfeed?

The medical research suggests at least two mechanisms by which breastfeeding inhibits
fertility. First, nursing affects certain hormones that regulate ovulation. Breastfeeding appears to interrupt the release of the Gonadotropin-releasing hormone, which triggers the
pituitary gland to release high levels of luteinizing hormone (LH). This so-called “LH surge”
marks the beginning of ovulation. There is also some evidence that breastfeeding increases
levels of the hormone prolactin, which inhibits ovulation (Blackburn, 2007).
Second, nursing diverts calories from the mother to the infant. For mothers who consume
a limited number of calories, this diversion can lead to malnutrition, which shuts down
ovulation. This channel likely plays an important role in developing countries.
The degree to which fertility is suppressed depends on how many times a day the mother
breastfeeds and the intensity with which the child suckles (Rous, 2001). Furthermore, while
the World Health Organization counsels that breastfeeding reliably prevents pregnancy only
during the first sixth months after delivery, many studies argue that this window is considerably longer in developing countries. For example, Weis (1993) and Thapa (1987) find
that breastfeeding inhibits fertility for 12 to 24 months in Bangladesh and Nepal, respectively. The longer duration of postpartum infertility in developing countries is likely related
to mothers’ underlying malnutrition (Huffman et al., 1987).
For a mother to use breastfeeding as birth control, she first must know about breastfeeding’s contraceptive effects. Typically, a nursing mother does not menstruate (a phenomenon
3

known as “lactational amenorrhea”), which would presumably alert her to her temporary
inability to conceive. The NFHS survey we use directly asks non-pregnant women the reason
they are not using birth control. Excluding those who report they are currently trying to
conceive, 34% cite breastfeeding as their reason for not using contraception.
II.B.

Do women stop breastfeeding once they become pregnant again?

A related question is how subsequent conceptions or births affect the mother’s decision
to continue breastfeeding the current child. According to the American Academy of Family
Physicians (2008), there is no evidence that breastfeeding while pregnant is harmful to the
fetus, but some speculate that it could increase the likelihood of miscarriages (Verd, Moll,
and Villalonga, 2008). Similarly, the medical profession does not officially discourage breastfeeding two children at once (“tandem breastfeeding”), but research finds that infant weight
gain is slowed if a mother is simultaneously nursing an older sibling (Marquis et al., 2002).
There is also some evidence that breast milk production declines during pregnancy and the
taste of the milk changes, both of which might hasten weaning (Feldman, 2000). In developing countries, meeting the caloric requirements of tandem breastfeeding or breastfeeding
while pregnant is likely much more challenging than it would be for the mothers in the above
studies.
Of course, the relevant question for this paper is whether mothers choose to stop breastfeeding after a conception or birth, for whatever reason, e.g., the opportunity cost of their
time has risen. Indeed, in the NFHS, the most common reason women cite when they stop
nursing is “became pregnant” (over 32% of respondents cite this reason).
II.C.

Connecting fertility preferences, breastfeeding and child health

This paper examines the causal chain from desired fertility, and in particular son preference, to breastfeeding and, eventually, to child health and survival. While to our knowledge
we are the first to systematically look at this question either theoretically or empirically,
previous work has looked at parts of this causal chain.
First, several papers show empirically that in settings with son preference, a couple that
just had a son is more likely to stop having children (Das, 1987) or wait longer to have the next
child (Rindfuss et al. 1982; Trussell et al., 1985; Arnold, Choe, and Roy, 1998; Retherford
and Roy, 2003). Hemochandra, Singh, and Singh (2010) show that birth intervals are shorter
if parents have not reached their self-reported ideal number of sons. Second, Nemeth and
Bowling (1985) examine whether having no sons shortens the duration of breastfeeding.
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Third, a few papers on related topics discuss the mechanism that we focus on (or part of
it), though they do not test for it. Muhuri and Menken (1997) show that birth spacing and
the sex of older siblings affect mortality and state that shorter birth intervals after girls are
one potential cause of of excess female mortality. In unreported results, Arnold, Choe, and
Roy (1998) examine whether the gender gap in mortality in India is due to birth spacing;
they do not find evidence to support the hypothesis. Finally, Mutharayappa et al. (1997)
show that there is a gender gap in breastfeeding in India and conjecture that it is related to
son-biased fertility patterns.
We hope to advance this body of work by deriving a number of quite specific testable predictions of the fertility-breastfeeding hypothesis, and then using them to empirically separate
the causal chain we propose from alternative hypotheses.

III.

Model

In the appendix we present a simple dynamic model of a mother’s decision to breastfeed
and her future fertility. The model predicts that breastfeeding duration will have several
distinctive patterns with respect to children’s birth order, gender, and the gender composition
of older siblings. Here we give an overview of the model, focusing on the empirical predictions
that we will test in later sections.
III.A.

Assumptions of the model

The model relies on two main assumptions. First, breastfeeding inhibits fecundity. In
our model, the breastfeeding decision is, in essence, a fertility stopping decision, and the
predictions about breastfeeding we generate are fundamentally predictions about stopping
rules.3 Second, utility depends on both the quantity and the sex composition of one’s children.
Utility is increasing and then decreasing in quantity; mothers want some target number of
children and are worse off if they have more or fewer than this number, all else equal. In
addition, there is son preference: Conditional on the number of children, utility is increasing
in the number of sons at a diminishing rate. These preferences mean that at intermediate
3

The model, for simplicity, treats breastfeeding as perfectly inhibiting conception. Allowing mothers
to conceive while breastfeeding would reinforce the model’s predictions. Mothers who become pregnant
while nursing tend to wean the current child, which suggests a causal relationship from future fertility
to breastfeeding in addition to the causal relationship we model from breastfeeding to future fertility. Both
mechanisms predict a negative relationship between a mother’s tendency to breastfeed and her desired future
fertility. Another simplification is that we do not model breastfeeding being used to space births. The model’s
predictions would be the same if we allowed mothers who want to continue childbearing to breastfeed in
order to space births but assumed they still breastfeed less than mothers who want to stop having children
entirely.
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birth order, around the target family size, further childbearing entails a tradeoff between
disutility from having another child and positive utility from potentially having another son.
III.B.

Predictions of the model

The model makes several testable predictions. The fact that a mother’s desired future
fertility declines as she has more children gives us the following first result.
Proposition 1. Breastfeeding is increasing in birth order.
In addition to depending on birth order, breastfeeding also depends on gender.
Proposition 2. At any birth order, a child is more likely to be breastfed if, all else equal,
(i) the child is male; or
(ii) more of his or her older siblings are male.
In the model, breastfeeding does not enter the utility function through its effects on the
child who is nursed, so there is no difference in how much the mother values breastfeeding
her sons versus her daughters per se. Instead, the breastfeeding gender gap is caused by
fertility stopping preferences. Moreover, through this mechanism, not just the gender of the
child, but also the gender of his or her older siblings affects breastfeeding.
Perhaps the least obvious prediction is that the gender gap in breastfeeding depends
non-monotonically on birth order.
Proposition 3. The largest gap in breastfeeding of boys versus girls is at middle birth order.
In other words, the gap is increasing with birth order for sufficiently low birth order, and
decreasing in birth order for sufficiently high birth order.
The intuition behind this result is that at low birth order, mothers want to continue
having children regardless of the sex composition of their existing children since utility is
still increasing in the quantity of children. At high enough birth order, the net cost of
increasing family size becomes large enough that it outweighs any benefit of having another
son. A mother will breastfeed both a son or a daughter in this case. At intermediate birth
order, however, a mother who just had a daughter may find that the benefit of trying for a
son is larger than the cost of higher quantity; in contrast, for a mother who just had a son,
that benefit is smaller and, thus, less likely to outweigh the cost.4
4

While several papers have theoretically explored how fertility stopping rules depend on sex composition,
e.g., Leung (1991), to our knowledge, none has identified or tested this non-monotonic pattern.
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The model also predicts that breastfeeding patterns change non-linearly when a mother
reaches her “ideal” quantity of children. Ideal family size is an ambiguous concept, but we
use the following definition: the family size at which a mother would want to stop having
children if she had no son preference. Recall that the marginal utility from having more
children goes from positive to negative, so there is a well-defined ideal family size under this
definition. The following proposition describes how both breastfeeding and the gender gap
in breastfeeding depend on whether the mother’s number of children is below or above her
ideal family size.
Proposition 4.
(i) Breastfeeding is constant for birth order below the ideal family size and can strictly
increase in birth order only after the ideal family size has been reached.
(ii) There is no gender gap in breastfeeding for birth order below the ideal family size. The
gender gap in breastfeeding only arises after the ideal family size has been reached.
To summarize, the negative relationship between breastfeeding and future fertility generates several distinct empirical predictions. Other theories might predict that breastfeeding
depends on birth order (e.g., learning-by-doing models) or gender (e.g., mothers place more
value on the health of sons). However, alternative hypotheses would also have to explain why
breastfeeding depends on older siblings’ gender and why the breastfeeding gender gap has
an inverted-u shape with respect to birth order. Similarly, alternative hypotheses would have
to explain why breastfeeding sharply increases once mothers reach their ideal family size,
and why the male breastfeeding advantage also increases just at this point.5 Thus, we feel
that evidence of these effects would collectively provide strong support for our claim that
women’s preferences over future fertility affect the decision of when to wean their children.

IV.

Data

Our empirical analysis uses the 1992, 1998 and 2005 waves of the National Fertility and
Health Survey (NFHS) of India, a repeated cross-sectional data set based on the Demographic
and Health Survey. The NFHS surveys a representative sample of ever-married women ages
15 to 49 across India.
5

Alternative hypotheses might predict an interaction of gender and birth order. For example, the mother
might have less time to breastfeed as she has more children and, on the margin, allocate more time to
breastfeed sons. However, such hypotheses generally do not naturally predict the non-monotonicity or the
non-linearity when ideal family size is reached (and, moreover, this particular alternative story is at odds
with breastfeeding increasing with birth order.)
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The main advantage of the data set for our purposes is the large sample of children for
which mothers report breastfeeding duration. Additionally, because basic demographic information is recorded for every child born to a survey mother, we can calculate birth order
and the sex composition of siblings for each child. The survey also includes a variety of information on desired fertility, contraception, and child health, as well as standard demographic
and household characteristics.
We make several sampling restrictions. First, we exclude observations with missing values
for duration of nursing, which restricts the survey to relatively recent births since the survey
does not collect retrospective breastfeeding information for older children; the data were
collected for children up to age four for the first wave, age three for the second wave, and
age five for the third wave. (Because the duration of breastfeeding is censored at 36 months
in the second wave, we top-code the variable at 36 months for all waves.) In addition, for
about one percent of children whose breastfeeding information should have been solicited,
the data are missing.
Second, we exclude mothers who have eight or more children (the 95th percentile for this
variable) to reduce composition bias from mothers with unusually large family size. Third,
we exclude multiple births (e.g., twins) since their birth order is less well-defined and how
long they are breastfed might systematically differ by virtue of their not being a singleton.
Finally, for the breastfeeding analysis, we exclude children who have died, as otherwise the
nursing period would be censored in a manner that does not reflect mothers’ preferences
regarding breastfeeding; this restriction results in a loss of about five percent of remaining
observations.6 Our final sample includes just over 110,000 observations.
Summary statistics for the sample used in the breastfeeding analysis are presented in
Table I. Note that the breastfeeding durations reported in the table do not account for
censoring of children still being breastfed at the time of the survey. The average observed
breastfeeding duration in our sample—which includes both children still being breastfed
and children already weaned—is 14.8 months, whereas adjusting for censoring via a hazard
estimation indicates that children in the sample will be breastfed for 22.8 months on average.
Similarly, the mean of birth order in our sample is 2.6, but many women we observe have
not completed their fertility. We cannot calculate total fertility in our data, but based on
6

We estimate both OLS and hazard models, as described in the next section. In the hazard models, one
can include children who have died and model the observed breastfeeding duration as censored at the child’s
age at death. In Online Appendix Table A.1, we show that our hazard model specifications are robust to
including the children who have died. Our results are also robust to including mothers with more than eight
children or multiple births (or both); results available upon request.
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Indian Census data, total fertility conditional on having at least one child (the population
from which our sample is drawn) is roughly four children per mother for the cohorts in our
data.7
The descriptive statistics in Table I compare low versus high birth-order children and also
boys versus girls. High birth-order children are born into larger families, on average. Thus,
not surprisingly, characteristics associated with family size such as rurality and mother’s
education differ by birth order. In contrast, the family background variables are very similar
for boys and girls in the sample. Accordingly, in our empirical analysis, specifications with
only birth order will be sensitive to the inclusion of covariates, but specifications focusing
on gender or its interaction with birth order will not be.

V.
V.A.

Empirical analysis: Breastfeeding as a function of birth order
Estimation strategy

Our first prediction relates breastfeeding duration to a child’s birth order. We test the hypothesis that breastfeeding is a positive function of the mother’s desire to cease childbearing,
which increases with birth order.
We begin by imposing as little structure as possible, allowing birth order to enter nonparametrically as a vector of dummy variables. We estimate the following OLS model:
Breastf eedi =

X

βk · 1(BirthOrderi = k) + Xi · γ + ai + εi .

(1)

k

Breastf eedi is the number of months a mother reports having breastfed child i, who may or
may not still be breastfeeding at the time of the survey; ai is a vector of age-in-months fixed
effects up to 36 months (the maximum value of the outcome); X is a vector of covariates and
ε is an error term. We add age-in-month fixed effects to address the fact that the duration
of breastfeeding is censored; if a nine-month-old child is still being nursed at the time of the
survey, his duration of breastfeeding is censored at nine months. Note that the regression still
estimates observed breastfeeding duration (mean = 14.8) and not completed breastfeeding
duration (mean = 22.8), but by only making comparisons among children who are the same
age, it does not mistakenly include the effect of age when estimating the effect of birth order
on observed breastfeeding duration.
While the OLS model has the advantage that the coefficients are easy to interpret, we
7

In the 1991 Census, mothers age 50-54 had a mean total fertility of 4.8. We assume fertility is falling at
one percent a year. Disaggregated fertility data for the 2001 Census are not yet publicly available.
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also estimate a proportional hazard model, which accounts for the censoring of completed
breastfeeding duration due to the fact that many children in our sample are still being
nursed, imposes no conditions on the baseline hazard function h0 (t), and models independent
variables as having a proportional effect on the hazard rate:
hi (t) = h0 (t) ∗ exp

X

βk · 1(BirthOrderi = k) + Xi · γ + εi

!
.

(2)

k

We show the results from these and related estimations in the following graphs and tables.
V.B.

Results on birth order

Figure I plots birth order on the horizontal axis and the estimated coefficients on the
birth-order dummy variables on the vertical axis. We show the coefficients from both an
OLS and a hazard model. To make the coefficients comparable, the hazard coefficients are
for “survival” rather than “failure;” a larger coefficient implies that the variable is associated
with a longer duration of breastfeeding. As the figure shows, the pattern of coefficients is similar regardless of which specification is used: Breastfeeding duration increases monotonically
with birth order.
The first three columns of Table II report regression results that summarize the effect
of birth order on breastfeeding duration. The first column shows the linear coefficient on
birth order from an OLS regression with no other covariates, which suggests that a one-unit
increase in birth order is associated with a 0.46 month increase in breastfeeding duration.
Higher birth-order children are born to older mothers, are born more recently, and belong
to a larger family. If breastfeeding has been trending over time or if mothers with higher
fertility differ in their propensity to breastfeed, for example because they are less attached
to the labor force, then the coefficient on birth order could suffer from omitted variable bias.
Thus, column (2) includes what we will generally use as our “standard” set of covariates: a
linear control for mother’s years of education, a linear and quadratic control for her age, a
linear and quadratic control for the child’s birth year, and dummy variables for the survey
wave, state of residence, urban/rural, and sex of the child. These covariates directly address
mother’s age and time trends as confounding factors and also include proxies for likely total
fertility, such as mother’s education. With the controls added, the estimated coefficient falls
to 0.21. Column (3) is the hazard estimation analogue to column (2) and suggests that a
one-unit increase in birth order is associated with a six-percent decrease in the probability
of being weaned in any given month.
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The sensitivity of the birth-order coefficient to including mother characteristics suggests
that it might be useful to estimate a mother fixed-effects model, in which the identification
comes from differences across siblings; however, sample selection bias would plague this
estimation. Recall that the survey only records breastfeeding duration for a look-back period
of three to five years. Using the three-year look-back period as an example, a youngest child
born, say, 24 months before the survey date must have a sibling no more than 12 months
older than him in order to be in the sample. But, according to our hypothesis, selecting for
sibling pairs in which the older child is followed quickly by a subsequent birth is equivalent to
selecting for sibling pairs in which the older child was weaned early. Thus, there would be a
positive correlation between birth order and breastfeeding duration in the mother-fixed-effect
sample even in the absence of any such relationship in the general population.8
Thus, while the results on birth order are consistent with the hypothesis that future
fertility determines breastfeeding, concerns about omitted variables remain. In addition, even
compelling evidence of a causal effect of birth order on breastfeeding would not disprove
alternative hypotheses such as a “learning by doing” model in which a mother’s cost of
breastfeeding declines as she gains experience with each subsequent birth. For all of these
reasons, while it is reassuring that the basic birth-order results fit the model’s prediction, we
consider the results presented in the remainder of this section and in the next section to be
much stronger tests of the model.
V.C.

Results on “distance from ideal family size”

Our model makes predictions regarding not only a child’s birth order but his birth order
relative to his mother’s ideal family size. Specifically, the model implies that breastfeeding
is constant for birth order below the ideal family size and increases in birth order only
after the ideal family size has been reached (Proposition 4(i)). Fortunately, our data set
includes each mother’s self-reported ideal family size.9 From this measure we generate a
variable that measures the current distance from the mother’s ideal family size: ∆Idealij =
BirthOrderij − Idealj (where BirthOrderij is the birth order of mother j’s ith child and
Idealj is mother j’s ideal family size).
Before describing our estimation strategy and results, we highlight some potential problems with the “ideal” family size measure. First, the concept of ideal family size is not
8
Indeed, mother fixed-effect estimations yield a positive coefficient on birth order that is far larger than
those in Table II, but the magnitude cannot be interpreted as causal given the sample selection problem.
9
The survey question is, “If you could go back to the time you did not have any children and could choose
exactly the number of children to have your whole life, how many would that be?”
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well-defined without reference to sex composition. For example, a mother with no children
might say her ideal family size is two, thinking her first two children would be boys; if she
knew she would have two girls first, then her ideal family size might be larger.
Second, to avoid cognitive dissonance, mothers might self-report their “ideal” fertility
preference to match their actual fertility outcome, and thus the variable might not reflect
their preferences at the time they gave birth and made breastfeeding choices. However, we
suspect that such ex-post rationalization is limited. Table I indicates that actual fertility
systematically exceeds self-reported ideal fertility; ideal family size is on average 2.7, but
based on the Census, total fertility is about four for these cohorts. Furthermore, the histogram
in Figure II shows that many children are born to mothers who have already reached their
ideal family size (i.e., ∆Ideal > 0).10
Figure II plots the estimated coefficients on the ∆Ideal dummy variables from a regression analogous to equation (1) that replaces BirthOrder with ∆Ideal. The point estimates
display a similar increasing pattern as those for birth order, which is not surprising as ∆Ideal
is increasing in birth order (though not merely a linear transformation, as Idealj varies for
each mother). The figure also shows a jump in the level of breastfeeding once ideal family
size is reached (∆Ideal = 0), as predicted by the model.11
The last four columns of Table II show results from regressions relating breastfeeding
duration and ∆Ideal. We specify the ∆Ideal effect as a level increase once mothers reach
their ideal fertility. Column (4) of Table II shows the coefficient on an indicator variable for
∆Ideal ≥ 0 when no other covariates are included; once mothers reach their ideal fertility they breastfeed subsequent children an extra 1.07 months. Adding our standard set of
covariates in column (5) yields a coefficient of 0.88 (an 18% drop).
The more exacting specification, though, is to test for a discrete increase in breastfeeding
at ∆Ideal = 0 while allowing for a linear effect of ∆Ideal that is allowed to vary on either
side of ∆Ideal = 0.12 We estimate the following equation, where again the variable of interest
is the indicator for ∆Ideal ≥ 0:
10
Two thirds of mothers in our sample age 35 years or older have more children than their ideal number;
these older mothers are more likely to have completed their fertility, but even they might continue having
more children.
11
To explore more rigorously the discrete jump in breastfeeding when a mother reaches her desired number
of children, we create a series of dummy variables corresponding to the conditions ∆Ideal ≥ x and then run
separate regressions of breastfeeding on each dummy variable (as well the standard covariates). Indeed, the
regression using the variable ∆Ideal ≥ 0 yields the largest t-statistic and R2 . Results available upon request.
12
In Online Appendix Table A.2, we show that the results are similar if we omit the spline in ∆Ideal, i.e.,
the regressor ∆Ideal × 1(∆Ideal ≥ 0).
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Breastf eedij = δ · 1(∆Idealij ≥ 0) + λ · ∆Idealij + φ · ∆Idealij × 1(∆Idealij ≥ 0)
+Xi · γ + ai + εij .

(3)

Column (6) shows the results without our standard set of covariates included. Once mothers
reach their ideal fertility, the duration they breastfeed subsequent children increases by 0.77
months. With covariates included, we find that above and beyond a flexible linear effect of
∆Ideal, breastfeeding duration increases by 0.40 months once a mother reaches her ideal
family size.
V.D.

Discussion

There appears to be a strong positive correlation between breastfeeding and birth order,
consistent with the model’s prediction. As the average mother has about four children, the
last child would be breastfed about 0.6 months longer than his oldest sibling. Similarly,
children born once their mother has reached her ideal family size are breastfed 0.4 months
longer than older siblings.
While we have already discussed potential biases in our estimates, especially those regarding birth order, several pieces of evidence from this section point to a causal relationship
between desired fertility and breastfeeding. First, while composition bias may indeed affect
the coefficient on birth order in Table II, such bias alone cannot explain our finding in Figure
I that breastfeeding increases between birth order one and two, since almost all mothers in
India have at least two children. Moreover, the marked increase in breastfeeding just at the
point when mothers reach their ideal family size suggests that they take into account their
fertility preferences when deciding when to wean their children.
We now turn to testing our model’s predictions regarding how the child’s sex, the sex
composition of existing children, birth order, and desired fertility interact to predict breastfeeding duration.

VI.

Breastfeeding as a function of gender and birth order

There are many reasons a mother may decide to breastfeed sons longer than daughters.
Daughters might simply be harder to nurse, or sons might be harder to wean. Alternatively,
parents in India may choose to allocate more resources to sons (Das Gupta, 1987; Pande,
2003; Mishra, Roy, and Retherford, 2004; Oster, 2009). If mothers perceive breastfeeding as
superior to alternatives such as infant formula or solid food, then by this logic they will nurse
sons longer.
13

Our model offers a different explanation, namely that a preference for having a future
son causes a gender gap in breastfeeding the current child. Demand for an additional child
is higher after the birth of a girl and thus mothers wean daughters sooner in the hopes
of conceiving a son (Proposition 2(i)). However, this prediction alone does not allow us to
distinguish our hypothesis from the explanation that mothers value the health of sons more
than daughters, or that sons simply “take to the breast” more easily than do daughters. In
the next subsection, we discuss the predictions of the model that allow greater separation of
our hypothesis from these alternatives.
VI.A.

Testing our hypothesis

First, since parents’ preference for another son depends on the gender composition of all
previous children and not just the last one, there should be a separate effect on breastfeeding
of variables such as “already has a son” and “percent of children that are male” (Proposition
2(ii)). These variables should exhibit a separate effect in our model but not in other models
of breastfeeding in which, say, mothers simply value the health of sons more than the health
of daughters.
Second, the model suggests that the effect of a child’s gender and other sex-composition
variables are strongest at intermediate birth order (Proposition 3 ). At very low (high) birth
order, mothers want to continue (stop) having children regardless of sex composition. Any
confounding variable would have to cause a similar, non-monotonic gender differential with
respect to birth order.
Third, our model predicts that the male breastfeeding advantage should become most
pronounced once mothers reach their ideal family size (Proposition 4(ii)). Again, potential
confounding variables would have to conform to this specific pattern.
VI.B.

Results on breastfeeding as a function of gender and sex composition

Figure III plots breastfeeding duration (the survival function) separately for boys and
girls. The heaping of observations at multiples of six months (which likely reflects both
rounding error in reporting and an actual propensity to breastfeed up to focal point) makes
it difficult to see the differences across gender at those points, but elsewhere the gender
differences are clearly visible. There is no apparent gender gap for the first few months of
life, but then a gender gap opens up and persists through age 36 months. The gender gap is
statistically significant at the one-percent level at age seven months, and remains so through
age 36 months (see Online Appendix Table A.3).
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The mean duration of completed breastfeeding is 22.33 months for girls and 23.26 months
for boys.13 Note that this gender gap of 0.93 months in completed breastfeeding is over twice
as large as the gender gap in observed breastfeeding reported in Table I. This difference is
due to the fact that almost all children under age six months at the time of the survey will
exhibit no current gender gap, even though many of the boys in that group will eventually
be breastfed longer than the girls.
The gender gap can also be quantified in terms of the percentage point gap in the likelihood of being breastfed. Over the age range of 12 to 36 months, where the gender gap is
most pronounced, girls on average are 3.7 percentage points less likely to be breastfed in any
given month. This effect size is consistent with, for example, 3.7% of girls being weaned at
age 12 months who, had they been boys, would have been weaned at age 36 months or later,
and all other girls experiencing no differential treatment during this period.
We next use regression analysis to estimate the gender gap in mean breastfeeding duration between boys and girls. Table III shows the effect of the child’s sex and of the sex
composition of existing children. The first column indicates that sons receive an additional
0.37 months of breastfeeding relative to daughters. This point estimate refers to the difference in observed breastfeeding (as reported in Table I) and not to the difference in expected
completed breastfeeding (as shown in Figure III). As OLS estimates are much easier to interpret, we will mainly focus on the differences in observed breastfeeding, though one should
keep in mind that differences in completed breastfeeding are generally more relevant for child
health, which we examine in Section VII.
Column (2) shows that the M ale effect size barely moves (increasing to 0.39 months) after
adding our standard set of covariates from Table II plus birth-order fixed effects. Column
(3), the hazard-model analogue of column (2), suggests that sons have a ten percent lower
probability of being weaned in any given month relative to daughters.
In the next two columns we examine whether the sex composition of siblings has an
independent effect on breastfeeding even after accounting for the sex of the current child.
Column (4) shows that a mother already having at least one son increases the current child’s
breastfeeding duration by 0.28 months. In other words, the breastfeeding gap between two
girls, one of whom has an older brother and the other of whom does not, is almost as large
13

This mean is calculated assuming that no child is breastfed beyond the top-coded value of 36 months,
but there is in fact still a gender gap at 36 months. If the survival curve is exponentially extended to zero for
observations censored at 36 months, the male and female means are, respectively, 23.94 and 22.88, yielding
a gender gap of 1.06 instead of 0.93 months.
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as the breastfeeding gap between boys and girls. Similarly, mothers breastfeed a child longer
when the male share of her other children is higher. Thus, there is strong evidence that the
gender composition of past births affects the breastfeeding of the current child—a pattern
not easily predicted by theories that assume mothers prefer to breastfeed sons or that sons
“take to the breast” better than daughters.
Finally, the last column of Table III re-estimates the specification in column (2), allowing
the male coefficient to vary by survey wave. The male-wave interactions are imprecisely
estimated, but the point estimates suggest that the gender gap in breastfeeding was 0.31
months in the first wave, 0.39 months in the second wave, and 0.46 months in the most
recent wave.
VI.C.

Gender effects as a function of birth order

We now examine how the gender differences seen in the previous subsection vary with
birth order. The prediction is that the gender effects are small for both high and low birth
order. Moreover, for the population as a whole, the peak effect of these variables should
occur between the average ideal family size (around three) and average total completed
fertility (around four).14 Therefore, our model not only predicts that the gender effect takes
an inverted-u shape with respect to birth order but also specifies the birth-order interval at
which it peaks.
We first estimate the following equation:
Breastf eedi = αM ale +

X

βk 1(BirthOrderi = k)

k

+

X

δk M ale × 1(BirthOrderi = k) + ai + Xi · γ + εi .

(4)

k

The key variables are the vector of M ale × BirthOrder dummy variables, which allow each
combination of gender and birth order to have its own fixed effect.
Figure IV plots the estimated breastfeeding durations by birth order and gender from
the above estimation without the additional control variables in X. Sons are breastfed more
than girls at every birth order, but the difference is not constant across birth order. The gap
14

Recall the two mechanisms underlying the breastfeeding-fertility relationship. If the relationship depended entirely on women using breastfeeding as contraception, then the population-average effect would
peak at the average ideal fertility. If the relationship depends entirely on subsequent pregnancies causing
women to stop nursing the current child, then the effect would peak at the average completed fertility. As
both channels appear to operate in our data, we predict the effect to peak somewhere between these two
values.
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is increasing until birth order four, and then decreasing after that, in line with the model’s
prediction. The male-female difference by birth order is also plotted to show the inverted-u
shape more clearly.
Based on the evidence in Figure IV, we specify the gender effect parametrically as a
quadratic function of birth order. These regression results are reported in the first three
columns of Table IV. Column (1) shows the OLS estimate, excluding the control variables
X. The coefficients for the quadratic terms suggest that sons’ breastfeeding advantage peaks
when birth order equals roughly 4.1. Cols. (2) and (3) show that this peak is robust to adding
in the control variables or using a hazard model.
Figure V plots breastfeeding duration by gender, but this time against ∆Ideal, the distance between the birth order of the current child and the mother’s ideal family size (recall
that the variable ∆Idealij = BirthOrderij − Idealj , where BirthOrderij is the birth order
of mother j ’s i th child and Idealj is mother j ’s ideal family size). Except for ∆Ideal = −3
(and recall from Figure II that almost all the density of the ∆Ideal distribution falls above
this point), the male-female difference appears to increase just as mothers reach their ideal
family size and then slowly narrows. Indeed, allowing a level increase once ∆Ideal reaches
zero is the specification most favored by the data. We read this evidence as consistent with
our prediction that gender preferences will have the largest effect on breastfeeding when the
mother’s decision to have another child is most marginal.
The final two columns of Table IV present the regression analogue to Figure V. Even after
controlling for our standard covariates and allowing for an interaction of M ale and ∆Ideal,
there is a discrete jump in the male breastfeeding advantage just when mothers reach their
ideal family size. The effect size is 0.55 months without covariates and is relatively unchanged
(increases to 0.59) when covariates are added to the regression.15
VI.D.

Heterogeneity in son preference

We next test whether gender patterns in breastfeeding vary with the intensity of the
mother’s son preference. Our first measure of son preference is the male-to-female ratio of
births in the respondent’s state (using data from 2001, the most recent census year), which
15

As discussed in Section III, our breastfeeding predictions are essentially fertility-stopping predictions.
In Online Appendix Table A.4, we verify that when an indicator variable for having no younger siblings
is used in place of breastfeeding duration as the dependent variable, we find the same coefficient patterns
with respect to birth order, distance from ideal family size, gender and their interactions. Because we have
a mother’s complete fertility history instead of data for only a limited look-back, we also are able to run
mother fixed-effects models when using this dependent variable, and in Online Appendix Table A.5, we show
that the results are similar with and without mother fixed effects. We also show in Online Appendix Table
A.6 that we find the same patterns for mothers’ self-reported desire to not have any more children.
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has a sample average of 1.07. Given sex-selective abortion, this statistic should be positively
correlated with the average degree of of son preference in the state, and indeed we find that
it is systematically lower in south India, where son preference is recognized to be less intense
(Bhatia, 1978; Basu, 1992).
Table V, column (1) shows that the son advantage in breastfeeding is significantly larger
in states with stronger son preference. The estimates imply that in states such as Kerala
with sex ratios near one, mothers breastfeed sons only 0.2 months longer than daughters;
in places such as Haryana or Punjab where the sex ratio is about 1.16, boys are breastfed
0.6 months longer. Note that this result is consistent with both a stop-after-a-boy fertility
preference and with parents caring more about sons’ health.
We next examine how much the breastfeeding gap increases when the mother reaches
her ideal family size, which is a more distinctive prediction of son-biased stopping rules.
As seen in column (2), our predicted patterns are stronger in states where the sex ratio is
higher. That is, in states where having sons is especially valued, the mother’s decision to
continue having children beyond her ideal number, and thus her decision about how long to
breastfeed, depends more heavily on the gender of her children.
Another measure of son preference is how many sons the mother says she ideally would
like to have. The survey asked the mother to break down her ideal number of children into her
ideal number of sons (sample mean of 1.4), ideal number of daughters (mean of 1.0) and ideal
number for which she was indifferent about their gender (mean of 0.3). The first prediction
we test is that, just as a mother is more likely to stop having children once she reaches her
ideal family size, she is more likely to stop once she reaches her ideal number of sons. We
construct a variable ∆IdealSons that is analogous to ∆Ideal; ∆IdealSons is the mother’s
current number of sons (inclusive of the child himself) minus her ideal number of sons. As seen
in column (3), the duration of breastfeeding increases by 0.41 months once the mother reaches
her ideal number of sons. Parallel to our earlier ∆Ideal specifications, the specification allows
for a linear effect of IdealSons that varies on either side of ∆IdealSons = 0. This increase
at ∆IdealSons = 0 is above and beyond the increase at ∆Ideal = 0; when a mother has
reached both her ideal number of sons and her ideal family size, her children are breastfed
0.74 months longer.
We next test a second prediction about IdealSons. The scenario in which a child’s gender
is most pivotal to the breastfeeding-cum-fertility decision is when the mother, by giving birth
to a son, has just reached her ideal number of sons. Because the child was male, her son
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preference is satisfied; had she given birth to a girl instead, her son preference would not have
been met. Thus, empirically, the male advantage in breastfeeding should be most pronounced
when the mother has exactly reached her ideal number of sons, compared to when she has
either fewer or more than her ideal number of sons. As seen in column (4), we find precisely
this pattern: relative to all other values of ∆IdealSons, the case where ∆IdealSons = 0 is
when boys are breastfed most relative to girls. In short, we find strong evidence that the
son advantage in breastfeeding varies as predicted with heterogeneity across regions in son
preference, and breastfeeding duration varies across mothers who differ in their ideal number
of sons, with quite specific predictions born out in the data.
VI.E.

Decomposing the male breastfeeding advantage

Thus far, we have provided a variety of evidence that boys are breastfed longer than girls,
and that the gender interactions with birth order and ideal family size are consistent with
distinct predictions of our model in which mothers decide how long to breastfeed based on
their future fertility. These predictions allow us to separate our mechanism from the more
standard son-preference explanation that mothers simply give fewer resources—including
breast milk—to daughters.
However, we have yet to calculate just what share of the male breastfeeding advantage
our hypothesis explains. Overall, there is a 0.39-month male breastfeeding differential (Table
III, column 2), which could be driven by our hypothesis, the more standard “feed the boys,
starve the girls” explanation, or something else. One approach to gauging the importance of
our mechanism is to assume that it does not arise until mothers reach their ideal family size.
This estimate is provided by the coefficient on M ale×∆Ideal ≥ 0 in column (5) of Table IV,
which is 0.59. As the mean of ∆Ideal ≥ 0 is 0.55, we estimate that our mechanism explains
0.32 months (0.59*0.55) or 82% (0.32/0.39) of the male breastfeeding advantage. Another
approach is to quantify the “feed the boys” effect and all other explanations besides ours as
the male coefficient conditional on the mother’s total number of children and total number
of sons; in our model, these variables (n and s) fully determine breastfeeding. In unreported
results, we find the male coefficient is then 0.15, suggesting that our hypothesized mechanism
explains 62% (1 - 0.15/0.39) of the breastfeeding gender gap.
As further evidence that the conventional son-preference story is unlikely to explain our
results, we find no evidence that vaccinations or doctor visits exhibit the same distinct
patterns we find for breastfeeding. Table VI shows the results for our main specifications
when “total number of vaccinations child received” serves as the dependent variable. While
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there is indeed a strong male advantage, none of the other patterns found for breastfeeding
hold. For example, column (1) shows vaccinations are in fact decreasing with birth order.
Column (3) shows that the sex of older siblings does not affect vaccinations, and column (5)
shows that the male advantage does not increase after the mother reaches her ideal family
size. We find similar results, which are reported in Online Appendix Tables A.7, A.8 and
A.9, using, respectively, whether the child received any vaccine, received medical treatment
conditional on having a cough or fever, or received medical treatment conditional on having
diarrhea as the dependent variable.16
VI.F.

Discussion

In this section we have presented evidence in support of the more demanding predictions
of our hypothesis that future fertility affects breastfeeding duration. First, not only is the
average boy breastfed longer than the average girl (a result consistent with mothers valuing
boys’ health more than girls’ health or simply wanting to be more loving toward sons), but
the gender of older children affects the breastfeeding duration of the current child. Second,
this gender effect takes an inverted-u shape: it is smallest at low birth order when a mother
wants to continue having children (limit breastfeeding) regardless of her children’s gender
and at high birth order when she wants to stop having children (prolong breastfeeding)
regardless of gender. Third, the peak gender effect occurs at a birth order between average
ideal family size in our sample and realized family size in the Indian census; at these values
of birth order, mothers’ decisions to conceive again are the most marginal. Fourth, the male
breastfeeding advantage displays a discrete increase once mothers reach their self-reported
ideal family size.
We also show that the gender patterns in breastfeeding depend on the mother’s degree
of son preference in the way that theory would predict. Finally, we find that other inputs
to child health such as vaccinations or doctor visits also show a son advantage, but they
exhibit none of the more distinct patterns we find for breastfeeding that are predicted by
16

We also assessed whether sex-selective abortion could somehow be driving our results. Because no question on the topic is included in the NFHS, we instead examined how consistent our coefficient estimates
are across the 1992, 1998 and 2005 waves of our data, which cover a period when sex-selective abortion
became increasingly common in India (Arnold, Kishor, and Roy, 2002; Jha et al., 2006). As shown in Online
Appendix Tables A.10, A.11 and A.12, our results are quite stable across wave, suggesting that our findings
are not an artifact of sex-selective abortion; if they were, one would expect muted effects in the first wave.
Speculatively, the gender gap in breastfeeding, just like other types of gender discrimination, could become
less pronounced when sex-selective abortion becomes more widely used because girls are then born into families with less son preference. However, our by-wave analysis shows no evidence of this hypothesized trend,
at least between 1992 and 2005.
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our model. Parents wanting to provide more health inputs to sons no doubt plays a key role
in children’s health outcomes in India. However, we estimate it accounts for only about a
third of the gender differential in breastfeeding.

VII.

Breastfeeding and child health patterns in India

In this section, we examine the implications of our results for child health in India. We
first discuss the medical evidence on the health benefits of breastfeeding. We then review the
patterns for child mortality across gender and birth order documented by past researchers to
determine whether they appear plausibly related to the patterns we find for breastfeeding.
Finally, we use our NFHS sample to directly test whether child survival exhibits the same
relationships with gender, birth order and ideal family size as does breastfeeding duration.
VII.A.

Breastfeeding and infant and child health in developing countries

Medical and public health researchers have suggested several mechanisms through which
breastfeeding promotes health for infants and young children in developing countries. First,
human milk has immunological benefits; for example, it contains glycans that are believed
to play an anti-infective role in the gastrointestinal tract (Morrow et al., 2005). Second,
breastfeeding allows infants to avoid contaminated food and water, a mechanism that can
play an especially important role in environments with poor sanitation (Habicht, DaVanzo,
and Butz, 1988). The mother’s digestive tract inactivates pathogens, so even if she ingests
contaminated food and water, her breast milk is not contaminated (Isaacs, 2005).
Betran et al. (1987) find that breastfeeding is associated with lower rates of infant mortality from diarrheal disease and acute respiratory infection in Latin America, and Chen,
Yu, and Li (1988) find similar results in China. Retherford et al. (1989) find that controlling
for breastfeeding largely eliminates the negative correlation between infant mortality and
subsequent birth spacing in Nepal.
Of particular interest are the studies in south Asia that examine how breastfeeding beyond
infancy affects mortality. Even past the age of exclusive breastfeeding, partially breastfed
children consume less contaminated food and water, which lowers their risk of diarrheal
disease and other water- and food-borne diseases (Prentice, 1991). Briend, Wojtyniak, and
Rowland (1988) report that in Bangladesh children between the ages of 18 and 36 months
who have been weaned have three times the mortality rate of those still being breastfed;
they attribute one third of the deaths in this age range to lack of breastfeeding. The World
Health Organization (2000) estimates that in developing countries, mortality risk between
21

ages one and two is twice as high if a child is not being breastfed.17
VII.B.

Documented variation in child health across birth order and gender

Child health patterns with respect to birth order
Previous work on the relationship between birth order and child health appears to undermine our prediction that higher birth-order children, by virtue of nursing longer, enjoy better
health outcomes. There are some proposed mechanisms that favor higher birth-order children (e.g., negative effects on first-borns from higher levels of intrauterine estrogen levels),
but the medical literature primarily has identified mechanisms that favor lower birth-order
children (Arad et al., 2001).
Many of the mechanisms cited by researchers relate to resource allocation. For example,
Behrman (1988) uses food consumption data to show that parents favor lower birth-order
children in India. Our own results from Table VI suggest that parents vaccinate lower birthorder children significantly more than later children. Finally, the mechanical positive correlation between birth order and family size may impart a health advantage to low-birth-order
children. Thus, the favorable circumstances of low-birth-order children in terms of resource
allocation and family size may swamp any breastfeeding effects.
Child health patterns with respect to gender
Several of the breastfeeding patterns we have documented coincide with previously established features of gender differentials in mortality in India. A distinctive feature of the
missing women problem in India is that the sex ratio (the ratio of boys to girls) increases
considerably in childhood; in China, by contrast, the problem is almost fully realized at or
shortly after birth (Das Gupta, 2005). In India, girls have a forty percent higher mortality
rate, relative to boys, between the ages of one and five but an equal mortality rate before
age one (Acharya, 2004). This pattern coincides with our finding that most of the gender
gap in breastfeeding does not arise until about one year after birth (Figure III).
Furthermore, researchers have documented that in India excess female mortality is muted
17

HIV can be transmitted from a mother to her child through breastfeeding. If antiretrovirals are unavailable, HIV-positive mothers are encouraged to wean their child after six months, as the risk of HIV
transmission could outweigh the potential benefits of prolonged breastfeeding (World Health Organization,
2010). In addition, if the food a child would consume in lieu of breast milk if he or she were weaned is
more nutritious then breast milk, then weaning could be beneficial to a child. The literature suggests that
breastfeeding could either increase or decrease a child’s calorie consumption and nutrient intake (Jelliffe and
Jelliffe, 1978; Motarjemi et al., 1993). The positive association between prolonged breastfeeding and child
survival suggests that, on average, prolonged breastfeeding is beneficial to child health in the context we
study.
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for first births (Das Gupta, 1987; Retherford and Roy, 2003). In line with this fact, we find
relatively little gender difference in breastfeeding for first-born children (Figure IV).
VII.C.

Testing for a mortality-breastfeeding relationship in our sample

Empirical strategy
While the results from the existing literature are consistent with breastfeeding contributing to observed child mortality patterns, we can also directly test whether the breastfeeding patterns we found in the previous sections correspond to mortality differentials in the
NFHS. The survey records mortality data for all children ever born to the mother, and we
test whether the same gender, birth-order and ideal-family-size interactions that predicted
breastfeeding duration in the previous sections also predict child survival.
Figure III showed the age range where breastfeeding differences are largest and thus
any related mortality differences should be largest.18 The gender gap in breastfeeding is
concentrated between the ages of 12 and 36 months. As discussed in Section VI and shown in
detail in Online Appendix Table A.3, there is no statistically significant gender gap during the
first six months of the child’s life. Hence, we test for breastfeeding effects on the probability
a child dies between 12 and 36 months after birth and use mortality between one and six
months as a placebo test.19
Furthermore, as the medical literature stresses breastfeeding’s benefits in the presence of
unsanitary water, we test whether the mortality patterns are most pronounced in households
without piped water, which helps shed light on the mechanism behind any health effects.
The more important reason for this comparison is that it helps us to separate the effects of
breastfeeding from other factors associated with future fertility. For example, higher future
fertility implies a larger family size and more competition for the mother’s time and energy,
which could be detrimental to child survival (Palloni and Tienda, 1986; Yamaguchi, 1989;
Clark, 2000; Jensen, 2003). However, these other channels are not predicted to vary with
water quality.20
18

There may also be long-term effects on the child’s health which lead to mortality at later ages; in essence
we test only for contemporaneous effects.
19
We use one to six months rather than zero to six months since mortality in the first month of life is
typically due to genetic defects rather than health inputs; to wit, neonatal mortality for boys is higher than
for girls in our sample. Online Appendix Table A.13 shows that we also do not find the breastfeeding-related
patterns when mortality between zero and six months is the outcome.
20
The comparison between households with and without piped water also helps isolate the biological effect
of breastfeeding from other potential effects of breastfeeding. For example, a mother who is nursing might
supply less labor, leading to an income effect, but such an effect should exist in both types of households.
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Mortality data from the NFHS
Because we relate mortality to the gender, birth-order and ∆Ideal interactions that
predict breastfeeding and not to breastfeeding itself, we do not need breastfeeding variables
in this estimation and are thus no longer restricted to children under the age of five.21
However, we might still want to exclude children born, say, fifteen years before the survey
date as their mortality information may suffer from recall bias (Byass et al., 2007).
Although we do not claim to eliminate recall bias, we try to hold it roughly constant in all
the regressions we run. Specifically, when we examine mortality rates between 1 and 6 months,
we include children such that survey date − birth date > 6 months and survey date −
birth date ≤ 66 months. In this case, all observations would have been fully “at risk” for the
mortality window and the recall period is five years (66−6 = 60 months). Similarly, when we
examine mortality between 12 and 36 months, we use observations satisfying survey date −
birth date > 36 months and survey date − birth date ≤ 96 months (as well as conditioning
on being alive at twelve months; otherwise the outcome is not defined). This approach also
ensures that we have similar sample sizes for both the 12-to-36-month mortality rate and
the 1-to-6-month mortality rate that we use as a placebo test.22
The sample for the 12-to-36-month-mortality regressions has about 161,000 observations
and a 12-to-36-month mortality rate of 0.0205. Twenty-two percent of the sample has piped
water in their dwelling or on their plot, which we use as a proxy for access to clean water.
The sample for the 1-to-6-month-mortality regressions is roughly the same size, with a 1-to6-month mortality rate of 0.0153.
Results
Consistent with past research, we find birth-order effects that go against our breastfeeding
hypothesis (results available upon request). We tentatively conclude that the resource advantage of low-birth-order children documented in past work and in our Table VI outweighs
the health benefits that high-birth-order children receive via breast milk. Furthermore, birth
order is mechanically linked to family size and, as children from larger families tend to
have worse outcomes, composition bias works against finding any breastfeeding benefit for
high-birth-order children.
21

We do not regress mortality on breastfeeding duration because breastfeeding duration is censored at the
age when the child dies and the results would suffer from reverse causality.
22
The results are robust to using the same sample for the two analyses, i.e., using the 12-to-36-monthmortality sample for the 1-to-6-month-mortality analysis. Note that we cannot use the 1-to-6-monthmortality sample for the 12-to-36-month mortality regressions since 12-to-36-month mortality is undefined
for those who die before age 12 months.
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The remainder of this section examines the effects on child mortality of gender and its
interactions with birth order and ideal family size. Table VII shows the results when mortality
between the ages of 12 and 36 months serves as the dependent variable, with the first three
columns focusing on households without piped water. Column (1) indicates that sons are
0.85 percentage points less likely to die between 12 and 36 months, which is consistent with a
breastfeeding survival advantage since boys are breastfed more than girls. The point estimates
in the second column is suggestive that the male survival advantage, like the breastfeeding
advantage estimated in the previous section, has an inverted-u shape with respect to birth
order, although the quadratic term is not significant and the implied peak in the mortality
gender gap is at birth order 6.5, which is higher than we found for breastfeeding. Column
(3) is suggestive that once mothers reach their ideal number of children, the male advantage
with respect to child mortality increases discontinuously.
To help distinguish breastfeeding’s effect from the effects of confounding variables, we
estimate the same regressions as in cols. (1) to (3) but this time use households with piped
water. For these households, the mortality effects of breastfeeding should not be as strong,
so the mortality patterns with respect to gender, birth order, and desired fertility that we
examine should be muted. As seen in cols. (4) through (6), the coefficients of interest are all
smaller in magnitude or wrong-signed.
We formally test for the equality of the coefficients by estimating three fully-interacted
models (i.e., every variable, not merely variables of interest, is interacted with U npiped) that
are equivalent to jointly estimating columns 1 and 4, columns 2 and 5, and columns 3 and
6. For the first specification, the male coefficients for the piped and unpiped households are
statistically different from each other with a p-value less than 0.001. For the second specification, the relevant coefficients are the linear and quadratic birth-order terms interacted with
the male dummy; they differ between the two types of households with a p-value of 0.05. For
the last specification, which tests for a discrete increase in the survival advantage of boys
once the ideal family size is reached, the coefficients for the male dummy interacted with
∆Ideal ≥ 0 differ with a p-value of 0.06. Thus, relative to other households, in households
where breastfeeding should matter more for child health, the mortality patterns correspond
more closely to the breastfeeding patterns we document earlier in the paper.
As a placebo test, we use mortality for young infants as the outcome. Since there is no
gender differential in breastfeeding in the first few months of life, finding the same patterns as
we do in Table VII would suggest that something correlated with breastfeeding duration, and
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not breastfeeding duration itself, is driving those results. Appendix Table A.1 is the exact
analogue to Table VII with the exception that mortality between ages 1 and 6 months serves
as the dependent variable. The male coefficient in column (1) is statistically insignificant and
an order of magnitude smaller than we found for 12-to-36-month mortality. The quadratic in
birth order for households without piped water is statistically insignificant (though this was
also the case for for 12-to-36-month mortality). In column (3), the point estimate suggests a
male survival disadvantage emerging in households without piped water once mothers reach
their ideal family size. Comparing the households without piped water to those with piped
water, the basic male advantage in mortality differs based on the water source with a pvalue of 0.06, but unlike in our 12-to-36-month mortality results, one cannot reject that the
coefficients of interest are the same in households with and without piped water for the next
two specifications.23
Of course, whether a household has piped water could be correlated with other factors
that affect gender-specific mortality patterns. We thus also estimate regressions in which
every variable is also interacted with an indicator variable for whether the household is in
a rural area. The first three columns in Online Appendix Table A.16 show the differences
between households with and without piped water for 12-to-36 month mortality. The magnitude of the coefficients falls in some cases, suggesting some role for omitted variables bias.
For example, the difference in the male coefficient between unpiped and piped households
was -0.00465 without the rural interactions (see Table VII, column 1) and is -0.00328 with
the rural interactions. However, even with the rural interactions, it remains statistically significant with a p-value of 0.03. The final three columns of Appendix Table A.1 show that for
mortality between age one and six months (the main placebo test), the gender differences
between households with and without piped water are again not significant and in some
cases wrong-signed.
In summary, where breastfeeding should play an especially important role in child health
23

This robustness check is somewhat conservative because, while the breastfeeding gender gap is not
statistically significant before seven months, the point estimate is non-trivial as early as five months. Given
the large health benefits of breastfeeding in the first six months of life, one might thus expect to see some
mortality effects for this placebo group. We therefore have also run placebo tests using mortality between the
ages of one and three months (where there is no evidence of a breastfeeding gender gap), as well as mortality
between 37 and 60 months (where there is little evidence of either a gender gap in breastfeeding or large
health benefits of breastfeeding). As shown in Online Appendix Tables A.14 and A.15, for these outcomes we
also do not find any of the distinctive patterns associated with 12-to-36-month mortality. These alternative
age ranges are arguably more appropriate placebo tests. However, because the mortality rate is somewhat
lower for these ages, there is also less statistical power, so we use one-to-six-month mortality as our main
placebo test.
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(households without piped water) and where breastfeeding gender gaps are most pronounced
(between the ages of one and three years), the variation in mortality with respect to gender,
birth order and ∆Ideal is similar to the variation in breastfeeding with respect to these same
variables. In settings where breastfeeding should play less of a role in child survival or where
there is no breastfeeding gender gap, these mortality patterns are weaker or do not emerge
at all.
VII.D.

Breastfeeding and “missing girls”

Using our results from Section VI and estimates of the health benefits of breastfeeding
from the medical and public health literature, we present back-of-the-envelope calculations
of how much breastfeeding contributes to the gender gap in child mortality in India.
Our first calculation uses the gender gap in breastfeeding that we estimated, combined
with estimates from the medical literature on the effect of breastfeeding on mortality. Based
on the literature, we assume that lack of breastfeeding between the ages of 12 and 36 month
increases the probability the child dies during this age interval by a factor of 2.5.24 About
48.1% of the children aged 12 to 36 months in our sample are being breastfed, as seen in
Figure III, and about 2.05% die during this age interval. Thus, the implied mortality rate
for breastfed children solves the equation 0.481x + 2.5(1 − 0.481)x = 2.05. This calculation
yields a mortality rate of 1.15% for breastfed children and 2.88% (1.15 ∗ 2.5 = 2.88) for
non-breastfed children in this age interval. In other words, not being breastfed throughout
the age range of 12 to 36 months increases the likelihood of dying by 1.73 percentage points
(2.88 − 1.15 = 1.73).
The breastfeeding survival curves (Figure III) show that, on average, the gender gap in
breastfeeding between the ages of 12 and 36 months is 3.67 percentage points. Therefore,
if breastfeeding differences were the only source of mortality variation, the mortality gap
would equal 0.064 percentage points (0.0367 ∗ 1.73 = 0.064). Given that each year about
13.2 million girls survive to age one in India, this mortality gap corresponds to about 8,400
(13, 200, 000 ∗ 0.00064) excess female deaths per year. The excess female mortality between
ages 12 and 36 months in our sample is 0.75 percentage points (2.44% for girls versus 1.69
for boys), so breastfeeding differences explain 8.5% (0.064/0.75 = 0.085) of this mortality
24

The factor of 2.5 is the midpoint of the estimates from two studies that examine the relevant age range
in developing countries. First, breastfeeding between the ages of 18 and 36 months was found to reduce
mortality risk by two thirds in Bangladesh (implying a factor of 3) (Briend, Wojtyniak, and Rowland, 1988).
Second, breastfeeding between ages one and two was found to reduce mortality risk in developing countries
by one half (implying a factor of 2) (World Health Organization, 2000).
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gender gap.
Note that this calculation could underestimate or overestimate the excess female mortality due to breastfeeding. On the one hand, the calculation does not count the deaths caused
by the breastfeeding gap between age 7 months and 12 months, and at these younger ages,
breastfeeding likely confers an even larger survival advantage. On the other hand, the estimates from the literature on the mortality effects of breastfeeding are correlations and may
overestimate the causal effect of breastfeeding on child survival.25
Our second calculation uses our mortality results from the previous subsection. To be
conservative, we assume, first, that breastfeeding only affects survival in households without
piped water. Then the relevant mortality gap is the difference-in-difference coefficient of 0.00465 from Table VII, column (1). Second, we subtract the corresponding coefficient for
our placebo group, which is -0.00257 (Appendix Table A.1, column 1). Differencing out the
piped-unpiped gender gap in mortality for the placebo group helps address the concern that
other omitted variables are correlated with whether the household has piped water; our
hypothesis is that the actual effect of piped water on excess female mortality should only
emerge after age 6 months. Under these two assumptions, the breastfeeding gap accounts
for 0.208 percentage points (0.465 − 0.257 = 0.208) of excess female mortality in households
without piped water. As 78% of the sample lacks piped water, the breastfeeding gender gap
appears to explain 0.208 ∗ 0.78 = 0.163 percentage points (22%) of excess female mortality
between the ages of one and three, or about 0.00163 ∗ 13, 200, 000 = 21, 500 missing girls per
year.
In summary, we find that the gender gap in breastfeeding accounts for somewhere between
8,400 and 21,500 excess female deaths each year. Using the midpoint of this range—15,000
missing girls—the breastfeeding differential explains 15% of the excess female mortality between the ages of one and three in India, or 9% of excess female child mortality, defined as
deaths between ages one and five.26
These estimates have important caveats that are worth reiterating. The differential gender
gap in mortality in households with unclean water may not be fully due to breastfeeding.
25

For example, if the absence of breastfeeding increases mortality risk by a factor of 2.5 between age 12 to
24 months, but the literature is incorrect and there is no health benefit of breastfeeding after age 24 months,
then the number of excess deaths would be thirty percent smaller: The average gender gap in breastfeeding
between age 12 and 24 months is .0336 (91% of the average 12-to-36 month gap), and mortality between age
12 and 24 months is 1.58 percentage points (76% of mortality between age 12 and 36 months).
26
The gender gap in child mortality is 1.2 percentage points (Pandey et al., 1998). The midpoint of our
range (15,000 deaths) is equivalent to 0.113 percentage points of excess female mortality, and 0.113/1.2 =
9.4%.
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In addition, our estimate of 15,000 missing girls is the middle of a range, and the endpoints
of our range themselves have wide confidence intervals because of sampling error and the
assumptions that the calculations require.

VIII.

Conclusion

This paper began by noting that the duration of breastfeeding negatively correlates with
the mother’s likelihood of a subsequent birth. There are at least two mechanisms underlying
this relationship. First, for physiological reasons, breastfeeding lowers a woman’s fertility.
Second, women typically wean a child if they become pregnant again.
We then develop a model of fertility decisions that incorporates this negative covariance
between breastfeeding duration and subsequent conception. The model makes a number of
very specific predictions regarding how long children will be breastfed. First, breastfeeding
increases with birth order. As mothers reach their “ideal” family size, their demand for
contraception grows. They either breastfeed longer to suppress fertility or use other forms of
birth control that allow them to continue breastfeeding without being interrupted by another
pregnancy. For the same reasons, breastfeeding increases discretely once women reach their
ideal family size.
Second, if parents have a preference for sons, then boys are breastfed more than girls:
after the birth of a girl, parents are more likely to continue having children (and thus limit
breastfeeding) in order to try for a boy. Third, by the same logic, children with older brothers
are breastfed more. Fourth, these gender effects are smallest for high and low values of
birth order. For low (high) birth-order children, mothers will want to continue (stop) having
children regardless of the sex of their children and thus breastfeed boys and girls equally.
Finally, the peak gender effect for the population should occur at a birth order somewhere
between the average ideal family size (which is 2.7 in our data) and the average realized family
size (about 4 for our sample). For birth order values in this range, a mother’s joint decision
about breastfeeding and further childbearing is highly marginal and thus most dependent
on considerations such as sex composition.
Using data from the National Family Health Survey in India, we find strong support
for each of these predictions. Breastfeeding duration increases with birth order, and this
effect is largely driven by a discrete increase once mothers reach their ideal family size. Sons
are breastfed 0.9 months longer than daughters, and having older brothers also significantly
increases how long a child is breastfed. The son advantage is small for low and high birth
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order and peaks around a birth order value of four; it also displays a discrete jump when
mothers reach their ideal family size.
Parents valuing sons’ health more than daughters’ health is not the main explanation for
these results. Instead, about two thirds of the son advantage in breastfeeding is due to the
value parents place on having future sons, according to our estimates. As further support
for this interpretation, we find that while other inputs to child health such as vaccinations
show a son advantage, they exhibit none of the more distinct patterns our model predicts
for breastfeeding.
Given the well-documented health benefits of breastfeeding for children in developing
countries, we test whether mortality patterns with respect to gender, birth order and ideal
family size mirror the breastfeeding patterns. Indeed, boys, especially those of intermediate
birth order and those born to mothers who have reached their ideal family size, appear to
have a lower mortality rate between the ages of 12 and 36 months, the age range where
we find a gender gap in breastfeeding. These results are driven by children in households
without piped water, for whom weaning means possible exposure to contaminated water. As
an additional check, we find that these patterns do not hold for mortality within the first
six months, when no gender gap in breastfeeding exists.
We calculate that the gender gap in breastfeeding accounts for roughly nine percent of
excess female child mortality (deaths between the ages of one and five years) in India. In other
words, mothers breastfeeding daughters less than sons leads to about 8,000 to 21,000 “missing
girls” each year. Unlike many other proposed factors causing missing girls, the channel we
highlight does not require that parents value girls’ health less than boys’. Instead, excess
female mortality arises as an unintended consequence of parents’ desire to have more sons
rather than from an explicit decision to allocate fewer resources to daughters.
The relationship between breastfeeding and access to birth control poses an interesting direction for future research. This relationship is theoretically ambiguous. As we documented
earlier, two phenomena underlie the negative relationship between breastfeeding duration
and subsequent fertility: breastfeeding the current child helps prevent or delay a subsequent
pregnancy, and a subsequent (perhaps unwanted) pregnancy often causes mothers to wean
the current child. The first channel suggests that by providing an alternative form of contraception, modern birth control would substitute for breastfeeding; the second suggests that
by more reliably preventing or delaying pregnancies, modern birth control might prolong the
period over which a mother can nurse her current child.
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If contraception crowds out breastfeeding, then policy makers might consider pairing
contraceptive campaigns with promotion of breastfeeding or improvements in water quality.
Conversely, if contraception enables a mother to breastfeed her children longer because she
can space them further apart, then policies that expand access to contraception might have an
added benefit of encouraging breastfeeding. We hope researchers investigating birth-control
access, whether through randomized controlled trials, ethnographic investigations, or other
research designs, will consider breastfeeding as an outcome of interest.

STANFORD UNIVERSITY AND NATIONAL BUREAU OF ECONOMIC RESEARCH
PRINCETON UNIVERSITY AND NATIONAL BUREAU OF ECONOMIC RESEARCH
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Appendix: Model
Overview
We assume that a mother has a per-period utility determined by the current number and
sex composition of her children. After each birth, she must decide whether to breastfeed the
child. If she does not breastfeed, she will have another child in the next period. If she does
breastfeed, she will not have another child in the next period. She makes this decision in
order to maximize the infinite sum of discounted per-period expected utility.
In the online appendix, we discuss in greater detail many of the assumptions underlying
this simple framework, but highlight one here: We assume that breastfeeding’s only function
is contraception, and thus ignore any health benefits it might provide the child. Doing so
allows us to demonstrate that our model can generate gender differentials in breastfeeding
even when mothers value the health of daughters and sons equally. Introducing a health
benefit would increase the magnitude of the male breastfeeding advantage our model generates but would not qualitatively change its other, more distinct predictions, for example
regarding the interaction of gender and birth order.
Setup of the model
In this section, we lay out the key assumptions of the model. Some of these assumptions
are discussed in further detail in the Online Appendix.
A mother’s utility depends on the number of children n and the number of sons s she
has. Her period utility is u(n, s), and she has an infinite horizon with a discount rate β.
Time periods are denoted by t. In each period, a woman gives birth to either one child or
no children.
A mother who gives birth in period t decides whether to breastfeed the child, bt ∈ {0, 1}.
We assume breastfeeding perfectly inhibits fertility in the subsequent period but has no
ancillary costs or benefits. If bt = 1, then nt+1 = nt and st+1 = st . If bt = 0, then nt+1 = nt +1
and, since the next child is equally likely to be a boy or a girl, st+1 = st + 1 or st+1 = st ,
each with probability 1/2. For the remainder of this section, we suppress the time subscript.
The breastfeeding decision, in essence, acts as a fertility stopping decision. For a mother
who currently has n children of which s are sons, one option is not to breastfeed (continue
having children), in which case she receives u(n, s) this period and the discounted expected
value function over subsequent periods. The value function in the next period is V (n + 1, s)
or V (n + 1, s + 1), with equal probability. The other option is to breastfeed (stop having
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children) and receive u(n, s) in this and each of the infinite subsequent periods (giving a
future lifetime discounted utility of u(n, s) + β u(n,s)
=
1−β

u(n,s)
).
1−β

We also assume that mothers

have access to sterilization, but that even if they choose to get sterilized, they breastfeed
their last child. The purpose of including the sterilization option is so that a mother can
prevent further pregnancies after her last child is past the age of breastfeeding (one period
in the model).27
The decision problem is therefore:
V (n, s) = max{V

b=1

,V

b=0


} = max

u(n, s)
, u(n, s) + β
1−β



V (n + 1, s) + V (n + 1, s + 1)
2


.

We specify the period utility function as
u(n, s) = φf (n) − c(n) +λg(s).
{z
}
|
≡q(n)

The term q(n) ≡ φf (n) − c(n) captures the net benefits (benefits, φf (n), minus costs, c(n))
of having n children, with φ > 0 parameterizing the demand for children. We assume that
f 00 < 0 and c00 > 0, so q 00 < 0, for all n, and further that limn→∞ q 0 (n) = −∞. In other words,
with respect to the number of children n, the marginal net benefit of an additional child is
strictly decreasing (and falls without bound) and the total net benefit displays an inverted-u
shape.
The term λg(s) represents the additional utility from sons, with λ ≥ 0 measuring the
degree of son preference. We assume g 0 > 0 and g 00 < 0 for all s. Note that for convenience
we consider smooth f , c, and g defined over R+ , despite the fact that in a woman’s choice
set, n and s only take on integer values.
A useful quantity to define is the value of n up to which a mother would choose to have
another child regardless of her son preference or the sex composition of her children. We call
this quantity n
b.
Definition. Let n
b = max{n | q(n + 1) − q(n) ≥ 0}.
Son preference factors into the breastfeeding decision once n > n
b. Intuitively, mothers unambiguously gain from having up to n
b children, after which point they weigh the net cost of
27

Our assumption that mothers choose to breastfeed after their last birth instead of relying completely on
sterilization does not seem unreasonable as mothers may still wish to pass on potential health benefits of
breastfeeding. Alternatively, they may wish to delay their decision about sterilization given its irreversible
effect and thus rely as long as possible on the contraceptive effects of breastfeeding.
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having more children (which grows unboundedly) against the value of trying for more sons.
Predictions of the model
We now turn to the predictions of the model.
Proposition 1. Breastfeeding is increasing in birth order.
Proof. A mother who stops at n children will have breastfed her nth child but not breastfed
her first n−1 children. This follows from the equation of motion for n. Once a mother chooses
to stop having children, she will not resume having children: suppose she did; she could
increase her lifetime utility by shifting her childbearing earlier given her positive discount
rate.
In addition to depending (weakly) on birth order, breastfeeding also depends on gender.
Proposition 2. At any birth order, a child is more likely to be breastfed if, all else equal,
(i) the child is male; or
(ii) more of his or her older siblings are male.
Proof.
(i) By Lemma 1, a mother will breastfeed if and only if u(n, s) ≥

u(n+1,s)+u(n+1,s+1)
.
2

Dropping the terms in the utility function that do not depend on s, we have that the
decision to breastfeed is increasing in g(s) − g(s + 1), which is increasing in s since
g 00 < 0. Holding the sex of the first n − 1 children fixed, s is higher when the nth child is
a boy, so a son is more likely to be breastfed than a daughter. For sufficiently large λ,
there exist integer values of n and s ≤ n for which the mother will choose to breastfeed
a son but not a daughter.
(ii) From the proof to part (i), breastfeeding is increasing in s. Holding the sex of the nth
child fixed, s is increasing in the number of boys among the first n−1 children, so an nth
child with more brothers among his or her siblings is more likely to be breastfed. For
sufficiently large λ, there exist integer values of n and s ≤ n for which the proposition
holds strictly.
In the model, breastfeeding does not enter the utility function through its effects on the
child who is nursed, so there is no difference in how much the mother values breastfeeding
her sons versus her daughters per se. Instead, the breastfeeding gender gap is caused by
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fertility stopping preferences. Moreover, through this mechanism, not just the gender of the
child, but also the gender of his or her older siblings affects breastfeeding.
The gender gap in breastfeeding also varies with birth order.
Proposition 3. The largest gap in breastfeeding of boys versus girls is at middle birth order.
In other words, the gap is increasing with birth order for sufficiently low birth order, and
decreasing in birth order for sufficiently high birth order.
Proof. At sufficiently low birth order, breastfeeding is the same for sons and daughters:
Lemma 2 establishes that mothers never breastfeed any child before their n
bth . At sufficiently
high birth order, breastfeeding is again the same for sons and daughters: by Lemma 3,
mothers eventually breastfeed because they eventually want to stop having children. By
Proposition 2(i), the only form of gender gap that can obtain is when a mother would
breastfeed a son but not a daughter. If a mother’s preferences are such that this would never
obtain, the proposition holds trivially. If there are some birth orders (and gender compositions
of older siblings) for which a mother would breastfeed a son but not a daughter, the gender
gap increases when the first such child is born and decreases when the last such child is born.

The intuition behind this result is that at low n, mothers want to continue having children
regardless of the sex composition of their existing children since φf (n)−c(n) is still increasing
in n. Therefore they will breastfeed neither sons nor daughters. At high enough n, the net
cost of increasing n becomes large enough that it outweighs any benefit of having another
son. A mother will breastfeed both a son or a daughter in this case. When weighing the costs
of higher quantity with the benefit of having (in expectation) more sons at intermediate
values of n, however, a mother may want to stop having children if and only if her nth child
is male, and will therefore breastfeed a son but not a daughter.
Predictions regarding “ideal family size”
The model also predicts that breastfeeding patterns can change abruptly when n reaches
n
b. While a mother’s “ideal” quantity of children is ill-defined in the presence of son preference,
one can think of n
b as one measure of the mother’s preferred quantity: it is the quantity
at which she would want to stop having children if she had no son preference (λ = 0).
Empirically, we will use survey questions on ideal family size to test the predictions below,
and we refer to n
b as “ideal family size.”
Proposition 4.
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(i) Breastfeeding is constant for birth order below the ideal family size and can strictly
increase in birth order only after the ideal family size has been reached.
(ii) There is no gender gap in breastfeeding for birth order below the ideal family size. The
gender gap in breastfeeding only arises after the ideal family size has been reached.
The proof of Proposition 4 as well as of the following lemmas, which are used above, are
in the online appendix.
Lemma 1. A mother will choose to breastfeed if and only if u(n, s) ≥

u(n+1,s)+u(n+1,s+1)
2

(assuming she breaks indifference in favor of breastfeeding rather than childbearing).
Lemma 2. n
b exists, and n
b > 0. For all n < n
b, a mother will have the (n + 1)st child
regardless of sex preference λ and regardless of the sex composition of existing children.
Lemma 3. The total number of children that a mother gives birth to is bounded above; that
is, there exists n such that she never has more than n children, regardless of sex composition.
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Appendix Table A.1: Child mortality between one and six months (main placebo test)
Household lacks piped water
Male

Household has piped water

(1)
(2)
(3)
(4)
∗∗
-0.00115 0.00642
-0.00392 0.00142
[0.000742] [0.00263] [0.00253] [0.00101]

(5)
0.00229
[0.00366]

Male x Birth order

-0.00415∗∗
[0.00185]

-0.000335
[0.00296]

Male x Birth order2

0.000367
[0.000268]

-0.0000180
[0.000481]

Male x (∆Ideal ≥ 0)
Covariates
β̂ unpiped −β̂ piped ,
coeff(s) of interest
F -test of above coeff
difference(s) (p-value)
Observations
R-squared

Yes
-0.00257

Yes
-0.00381
0.000386

0.0403
122942
0.00394

0.259
122942
0.00407

0.000997
[0.00286]
Yes
-0.00735

0.162
114997
0.00434

(6)
-0.00786∗
[0.00415]

Yes

Yes

0.00835∗
[0.00441]
Yes

34142
0.00400

34142
0.00401

33011
0.00458

Notes: Standard errors, in brackets, are adjusted for clustering by mother. This table is identical to Table
VII except that mortality between one and six months serves as the dependent variable and only children
born between 7 and 66 months of the survey date are included. ∗ p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
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Figure I: Breastfeeding duration, by birth order

Notes: The figure plots the coefficients for birth-order dummies from a regression with breastfeeding duration
in months as the dependent variable. The OLS model includes age-in-month fixed effects; no other control
variables are included. The omitted category is birth order 1, for which the coefficient is normalized to zero.
For the hazard rate, the coefficients are negated for comparability with the OLS coefficients; thus, the hazard
coefficients represent “survival” in breastfeeding rather than exit from breastfeeding. The histogram of birth
order for the sample is also displayed.

42

Figure II: Breastfeeding duration, by distance from ideal family size

Notes: The figure plots the coefficients for “distance from ideal family size” dummies from a regression with
breastfeeding duration in months as the dependent variable. Distance from ideal family size is defined as
the child’s birth order minus the mother’s ideal family size. The omitted category is distance from ideal
family size = -4, for which the coefficient is normalized to zero. The regression includes age-in-month fixed
effects and no other control variables. The histogram of the “distance from ideal family size” variable is also
displayed.
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Figure III: Survival function for breastfeeding, by gender

Notes: The figure plots the proportion of children, by gender, who are still being breastfed at the duration
(age) given on the horizontal axis. Both the plot and the reported means account for censoring of the
breastfeeding duration variable for children who are still being breastfed at the time of the survey. The
means listed in the figure are calculated assuming that all observations that report having 36 months of
breastfeeding (the top-coded value) have exactly 36 months of breastfeeding. If instead we exponentially
extend the survival curve to zero for those observations, the male and female means are, respectively, 23.94
and 22.88, yielding a gender gap of 1.06 instead of 0.93 months. The survival curves are later used to calculate
statistics used in the mortality calculation in Section VII. For example, the probability that a girl is breastfed
between the ages of 12 and 36 months is the average height of the female survival curve in this age range, or
0.4597. The same probability for boys is 0.4964, yielding a gender gap of 3.67 percentage points. The average
probability of being breastfed between 12 and 36 months, also needed in the mortality calculation, can be
similarly calculated from the combined survival curve (not plotted), and is 0.481.
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Figure IV: Gender differences in breastfeeding duration, by birth order

Notes: The solid lines plot the gender-specific coefficients for birth-order dummies from a regression with
breastfeeding duration as the dependent variable, with the coefficient for birth order one for females normalized to zero. The regression includes age-in-month fixed effects and no other control variables. The dashed
line is the difference between the male and female coefficients.
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Figure V: Gender difference in breastfeeding duration, by “distance from ideal family size”

The solid lines plot the gender-specific coefficients for “distance from ideal family size” (birth order
minus ideal family size) dummies from a regression with breastfeeding duration in months as the
dependent variable. The coefficient for males for distance from ideal family size = -4 is normalized to
zero. The regression includes age-in-month fixed effects and no other control variables. The dashed
line is the difference between the male and female coefficients.
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Table I: Summary statistics
Birth order ≤ 2
14.24
[8.739]

Birth order > 2
15.54
[9.287]

Birth order

1.469
[0.499]

4.109
[1.220]

2.579
[1.571]

2.550
[1.563]

Ideal no. of children

2.404
[0.861]

3.164
[1.195]

2.687
[1.067]

2.739
[1.085]

Birth order minus ideal no. children

-0.915
[0.894]

0.882
[1.354]

-0.156
[1.402]

-0.226
[1.422]

Male

0.513
[0.500]

0.522
[0.500]

1
[0]

0
[0]

Mother has at least one son

0.631
[0.483]

0.915
[0.279]

1
[0]

0.481
[0.500]

Child has no younger sibling

0.769
[0.422]

0.833
[0.373]

0.811
[0.391]

0.779
[0.415]

Total number of vaccinations

3.972
[2.345]

3.090
[2.457]

3.689
[2.412]

3.520
[2.449]

Age of child

1.950
[1.262]

1.920
[1.252]

1.939
[1.255]

1.936
[1.261]

Age of mother

23.72
[4.228]

28.64
[4.816]

25.81
[5.097]

25.71
[5.096]

Rural

0.637
[0.481]

0.743
[0.437]

0.677
[0.467]

0.684
[0.465]

Mother’s years of schooling

5.597
[5.144]
64,439

2.429
[3.767]
45,744

4.333
[4.904]
56,896

4.227
[4.852]
53,287

Months of breastfeeding

Observations

Sons Daughters
14.99
14.56
[9.093]
[8.880]

Notes: Data drawn from 1992, 1998 and 2005 waves of the National Family Health Survey for India. We
include children for whom breastfeeding information is recorded (i.e., all children under the age of three, four
or five, depending on the wave), who were alive at the time of the survey, whose mother has had no more
than eight children, and who are singletons. The 1992, 1998 and 2005 waves account for 36.9%, 24.6%, and
38.5% of the observations, respectively. Breastfeeding duration is not adjusted for censoring due to children
still being breastfed; the unadjusted sample mean (standard deviation) is 14.8 (9.0) months. “Male share of
mother’s children” and “Mother has at least one son” include the child him or herself. “Total vaccinations”
is the sum of six indicator variables for whether the child received each of the polio 1, polio 2, polio 3, DPT
(diphtheria/pertussis/tetanus) 2, DPT3, and measles vaccines.
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Table II: Effect of children’s birth-order on the length of time they are breastfed
OLS
(2)
0.210∗∗∗
[0.0179]

(3)
-0.0612∗∗∗
[0.00421]

OLS
(4)

(5)

(6)

(7)

1.072∗∗∗
[0.0399]

0.876∗∗∗
[0.0454]

0.773∗∗∗
[0.0745]

0.399∗∗∗
[0.0742]

∆Ideal

-0.0242
[0.0426]

0.320∗∗∗
[0.0436]

∆Ideal x (∆Ideal ≥ 0)

0.441∗∗∗
[0.0502]

-0.215∗∗∗
[0.0515]

Birth order

(1)
0.464∗∗∗
[0.0124]

Hazard

∆Ideal ≥ 0
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Male

0.391∗∗∗
[0.0373]

-0.105∗∗∗
[0.00866]

0.375∗∗∗
[0.0385]

0.374∗∗∗
[0.0385]

Mother’s years of schooling

-0.121∗∗∗
[0.00503]

0.0289∗∗∗
[0.00112]

-0.136∗∗∗
[0.00479]

-0.135∗∗∗
[0.00489]

Rural

0.806∗∗∗
[0.0478]
Yes
110183
0.527

-0.181∗∗∗
[0.0102]
Yes
108616

0.834∗∗∗
[0.0489]
Yes
104456
0.524

0.839∗∗∗
[0.0490]
Yes
104456
0.524

Covariates
Observations
R-squared

No
110183
0.503

No
104456
0.496

No
104456
0.497

Notes: The unit of observation is the child and we cluster standard errors (in brackets) by mother to account for mothers who have more than one child
in the sample. The variable Ideal is the response of the child’s mother to the question: “What is your ideal number of children?” We define ∆Ideal as
Birth order − Ideal. The specifications in columns 2, 3, 5, and 7 include linear and quadratic controls for mother’s age and child’s year of birth and
a linear control for mother’s years of education, as well as dummy variables corresponding to the year of the survey wave and the state of residence.
The breastfeeding-duration variable ranges from 0 to 36 so we include child-age-in-months dummy variables up to 36 months in all OLS regressions
to account for the fact that some children are still being breastfed at the time of the survey (see text for fuller explanation). The hazard estimation
automatically accounts for such right-censoring. Note that the hazard regressions estimates the probability of being weaned at time t conditional on
still being breastfed at time t − 1 and thus the coefficient estimates should have the opposite sign of those of the OLS regressions. The reason the
number of observations is not constant across specifications is that (a) hazard estimations drop observations that immediately exit (i.e., duration of
breastfeeding = 0) and (b) we exclude observations where ∆Ideal is missing or not in the interval [-4, 4] in cols. 4 to 7. ∗ p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01

Table III: Effect of gender and sibling sex composition on breastfeeding duration
OLS
Male

(1)
0.368∗∗∗
[0.0384]

Hazard
(2)
0.389∗∗∗
[0.0373]

(3)
-0.103∗∗∗
[0.00867]

OLS
(4)
0.244∗∗∗
[0.0486]

(5)
0.262∗∗∗
[0.0546]

(6)
0.458∗∗∗
[0.0675]

0.280∗∗∗
[0.0623]

Mother has at least one son

0.231∗∗∗
[0.0751]

Male share of mother’s children

-0.144
[0.0895]

Male x Second survey wave

-0.0654
[0.0929]
Yes
110183
0.527
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Male x First survey wave

Covariates
Observations
R-squared

No
110183
0.497

Yes
110183
0.527

Yes
108616

Yes
110183
0.527

Yes
110183
0.527

Notes: The unit of observation is the child and we cluster standard errors (in brackets) by mother to account for mothers who have more than one
child in the sample. The specifications in columns 2-6 include linear and quadratic controls for mother’s age and child’s year of birth and a linear
control for mother’s years of education, as well as dummy variables corresponding to the year of the survey wave, the state of residence, and the
child’s birth order. The breastfeeding-duration variable ranges from 0 to 36 so we include child-age-in-months dummy variables up to 36 months in
all OLS regressions to account for the fact that some children are still being breastfed at the time of the survey (see text for fuller explanation). The
hazard estimation automatically accounts for such right-censoring. Note that the hazard regressions estimates the probability of being weaned at time
t conditional on still being breastfed at time t − 1 and thus coefficient estimates should have the opposite sign of those of the OLS regressions. The
reason the number of observations is not constant across specifications is that the hazard estimations drop observations that immediately exit (i.e.,
duration of breastfeeding = 0). ∗ p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01

Table IV: Effect of gender and birth-order interactions on breastfeeding duration
OLS

Hazard

(1)
-0.0839
[0.135]

(2)
-0.0661
[0.131]

(3)
0.0203
[0.0301]

Male x Birth order

0.299∗∗∗
[0.0944]

0.311∗∗∗
[0.0923]

-0.0847∗∗∗
[0.0216]

Male x Birth order2

-0.0365∗∗∗
[0.0135]

-0.0381∗∗∗
[0.0132]

0.00997∗∗∗
[0.00316]

OLS
(4)
-0.00614
[0.134]

(5)
-0.0188
[0.130]

Male x (∆Ideal ≥ 0)

0.548∗∗∗
[0.150]

0.590∗∗∗
[0.146]

Male x ∆Ideal

-0.0827
[0.0846]

-0.102
[0.0820]

Male x ∆Ideal x (∆Ideal ≥ 0)

0.0665
[0.0991]
No

0.113
[0.0962]
Yes

N/A
104456
0.498

N/A
104456
0.524

Male

Covariates
Max effect of male
at birth order...
Observations
R-squared

No

Yes

Yes

4.09
110183
0.504

4.09
110183
0.527

4.25
108616

Notes: Standard errors, in brackets, are adjusted for clustering by mother. See notes to previous tables for all
variable definitions. The maximal effect is calculated by setting the derivative of the predicting equation with
respect to birth order to zero and solving for birth order. Cols. 1 to 3 include birth-order fixed effects and
columns 4 and 5 include fixed effects for each value of ∆Ideal. The remaining covariates and age-in-month
controls are as in Tables II and III . ∗ p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table V: Effect of son preference on duration of breastfeeding

Male

Male x State sex ratio

Regional variation in son pref.

Individual var. in son pref.

(1)
-1.922∗∗
[0.842]

(2)
1.750
[1.892]

(3)
0.260∗∗∗
[0.0456]

2.145∗∗∗
[0.781]

-1.648
[1.760]

(4)
0.366∗
[0.202]

6.218∗∗
[2.529]

Male x (∆Ideal ≥ 0) x Sex ratio
∆IdealSons ≥ 0

0.408∗∗∗
[0.0890]

∆Ideal ≥ 0

0.328∗∗∗
[0.0779]

Male x (∆IdealSons = 0)

0.205∗∗
[0.0956]

Male x (∆IdealSons > 0)

-0.0603
[0.129]
Yes
105054
0.525

Covariates
Observations
R-squared

Yes
110183
0.527

Yes
104456
0.525

Yes
104333
0.524

Notes: Standard errors, in brackets, are adjusted for clustering by mother. State sex ratio comes from the
2001 Indian Census. We define IdealSons as the mother’s answer to the question, “What is your ideal
number of sons?” We define ∆IdealSons as T otal number of sons − Ideal number of sons. All regressions
include the standard set of covariates and age-in-month fixed effects included in previous tables (see the notes
to Table III for a list). In addition, column 2 includes the two-way interactions of M ale, ∆Ideal ≥ 0, and
Sex ratio and fixed effects for ∆Ideal; column 3 includes ∆IdealSons, ∆IdealSons × (∆IdealSons ≥ 0),
∆Ideal, and ∆Ideal × (∆Ideal ≥ 0); and column 4 includes fixed effects for ∆IdealSons. The results
in columns 3 and 4 are essentially identical if we also include fixed effects for the total number of sons.
∗
p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table VI: Vaccinations as a function of gender, birth order, and ideal fertility
Dep. var.: Total number of vaccinations
Male

Birth order

(1)
0.127∗∗∗
[0.0115]

(2)
0.131∗∗∗
[0.0117]

(3)
0.143∗∗∗
[0.0157]

(4)
0.0123
[0.0391]

-0.146∗∗∗
[0.00600]

∆Ideal ≥ 0

-0.0235
[0.0178]

Mother has at least one son

-0.0323
[0.0202]

Male x Birth order

0.0549∗
[0.0291]

Male x Birth order2

-0.00291
[0.00432]

Male x (∆Ideal ≥ 0)
Covariates
Additional fixed effects
Observations
R-squared

(5)
0.0631
[0.0412]

Yes
None
107212
0.406

Yes
None
101684
0.403

Yes
Birth order
107212
0.406

Yes
Birth order
107212
0.406

0.0305
[0.0455]
Yes
∆Ideal
101684
0.406

Notes: Standard errors, in brackets, are adjusted for clustering by mother. T otal vaccinations is the sum of
six indicator variables for whether the child received each of the polio 1, polio 2, polio 3, DPT (diphtheria/pertussis/tetanus) 2, DPT3, and measles vaccines; these are the six vaccines for which data are collected
in each of the three waves. See notes to previous tables for all other variable definitions. All regressions
include the standard set of covariates in previous tables (see the notes to Table III for a list), in addition
to those listed. Column 5 also includes the variables M ale × ∆Ideal and M ale × ∆Ideal × (∆Ideal ≥ 0).
∗
p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
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Table VII: Child mortality between 12 and 36 months
Household lacks piped water
Male

(1)
-0.00851∗∗∗
[0.000866]

(2)
0.00369
[0.00291]

Household has piped water

(3)
(4)
(5)
(6)
∗
∗∗∗
-0.00522 -0.00388
0.000131 -0.00828∗
[0.00285] [0.00103] [0.00376] [0.00437]

Male x Birth order

-0.00619∗∗∗
[0.00220]

-0.00272
[0.00316]

Male x Birth order2

0.000476
[0.000331]

0.000313
[0.000529]

Male x (∆Ideal ≥ 0)
Covariates
β̂ unpiped −β̂ piped ,
coeff(s) of interest
F -test of above coeff
difference(s) (p-value)
Observations
R-squared

Yes
-0.00465

Yes
-0.00350
0.000168

0.000560
125857
0.00965

0.0497
125857
0.00992

-0.00485
[0.00324]
Yes
-0.0106

0.0600
116957
0.00912

Yes

Yes

0.00581
[0.00462]
Yes

35164
0.00749

35164
0.00754

33850
0.00782

Notes: Standard errors, in brackets, are adjusted for clustering by mother. All regressions are estimated by
OLS and control for the standard set of covariates in previous tables (see the notes to Table III for a list).
In columns 1, 2, 4, and 5, birth-order dummies are included. In columns 3 and 6, dummies for each value of
∆Ideal are included, as well as controls for M ale × ∆Ideal and M ale × (∆Ideal ≥ 0) × ∆Ideal. The sample
includes children born between 37 and 96 months before the survey date. The lower bound accounts for the
fact that children younger than 37 months do not have a well-defined value for the dependent variable. The
upper bound excludes children born far before the survey date in order to limit recall bias (see discussion in
Section VII). The F -test results reported test for the equality of the coefficients of interest between households
with and without piped water. They are based on fully interacted models equivalent to jointly estimating
columns 1 and 4 (where the p-value is for M ale); columns 2 and 5 (where the p-value is for the joint test
of the linear and quadratic terms); and columns 3 and 6 (where the p-value is for M ale × (∆Ideal ≥ 0)).
∗
p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
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