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A B S T R A C T

In this study, we use matched mother-child data from the National Longitudinal Surveys to study the
effects of family size on child health. Focusing on excess body weight indicators as children’s health
outcome of interest, we examine the effects of exogenous variations in family size generated by twin
births and parental preference for mixed sex composition of their children. We find no significant
empirical support in favor of the quantity-quality trade-off theory in instrumental variable regression
analysis. This result is further substantiated when we make use of the panel aspects of the data to study
child health outcomes of arrival of younger siblings at later parities. Specifically, when we employ child
fixed effects analysis, results suggest that birth of a younger sibling is related to a decline in the likelihood
of being overweight by 4 percentage points and a drop in the probability of illness by approximately 5
percentage points.
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1. Introduction

The primary objective of this study is to investigate the effects
of family size on child health. Family size effects on children’s
human capital outcomes have been studied extensively in the
economic literature following the quantity-quality trade-off
theory developed by Becker and his co-authors (Becker, 1960;
Becker and Lewis, 1973; Willis, 1973; Becker and Tomes, 1976). The
theory predicts a negative relationship between child quantity and
quality as individual allocation of fixed parental resources declines
with additional children. In this study, we present a comprehen-
sive empirical analysis of how a change in family size affects child
health, as measured by excess body weight indicators (overweight
and obesity). To the best of our knowledge, this is the first paper to
utilize a US-based sample to evaluate child health outcomes of
variations in family size.

Empirical literature on family size effects tends to specifically
focus on children’s educational outcomes, future labor market
performance, and parental investments in childhood development
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(Rosenzweig and Wolpin, 1980; Blake, 1981; Hanushek, 1992;
Black et al., 2005, 2010; Cáceres-Delpiano, 2006; Lee, 2008; Li
et al., 2008; Angrist et al., 2010; De Haan, 2010; Ponczek and Souza,
2012; Juhn et al., 2015). Despite the extensive empirical support
provided by the majority of existing studies, validity of the
quantity-quality trade-off argument is likely to vary by social
structure and extent of economic development of the regions
studied (Sudha, 1997; Buchmann and Hannum, 2001; Li et al.,
2008; Maralani, 2008). For example, generous welfare and
institutional support systems, commonly observed in economical-
ly advanced countries, can mitigate parents’ financial burden
imposed by an expansion in family size. On the other hand, families
in economically disadvantaged societies are more likely to observe
a trade-off between child quantity and quality (Li et al., 2008;
Maralani, 2008).

Compared to children’s cognitive abilities, child health, an
important indicator of child quality, has not received much
research attention in the family size literature. Furthermore, the
limited number of studies that have explored a causal link between
family size and child health are primarily based on developing
regions (Rosenzweig and Zhang, 2009; Millimet and Wang, 2011;
Peters et al., 2014; Zhong, 2017). Our analysis therefore fills a
substantial gap in the existing literature by empirically testing the
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quantity-quality trade-off theory with respect to child health in the
context of a developed economy.

Child body weight is an important health indicator. In the US in
particular, childhood obesity is a large health-related concern, as
excess body weight during childhood increases the risk of being
exposed to serious long-term health conditions (Lobstein et al.,
2004; Leonard et al., 2008; Reilly and Kelly, 2011; Fryar and Ogden,
2014; Ogden et al., 2016). This has prompted researchers across
various academic disciplines to identify social and family-level
determinants of childhood obesity and to analyze effectiveness of
social policies aimed at addressing the health concern (Dietz,1998;
Cawley et al., 2007a, 2007b; Clark et al., 2007; Cawley, 2010). Based
on the quantity-quality trade-off hypothesis, an increase in family
size could potentially elevate the risk of having excess weight
among children. Given the numerous health-related problems
associated with childhood obesity, it is important to understand
the validity of the quantity-quality hypothesis in the context of a
developed country like the US.

For our analysis, we match mothers’ information from the
original cohort of the National Longitudinal Survey of Youth (NLSY,
1979) to their children’s data in the NLSY Child and Young Adult
surveys (NLSY, CYA). We estimate children’s body mass index (BMI)
using objective measurements of children’s height and weight.
Using these estimates of BMI, we construct excess weight
indicators. In particular, we refer to the age- and sex-specific
body weight standards (BMI-for-age) of Centers for Disease
Control’s (CDC) growth charts1 to construct binary indicators for
being overweight and obese. Further, we estimate the effects of
family size on binary health indicators of underweight and
incidence of child illness (that requires medical attention).

The identification of family size effects relies on exogenous
variation in quantity of children triggered by twin births and
parental preference for a mixed sex composition of their children.
Regression estimates from our instrumental variable (IV) regres-
sions do not provide evidence of a trade-off between child quantity
and health quality. Our cross-sectional regression estimates are
robust to multiple sensitivity checks.

In addition, we make use of the longitudinal format of the NLSY
mother-child data to study how birth of a younger sibling affects
older children’s health outcomes. Controlling for unobserved
child-specific time-invariant characteristics, we find that birth of a
younger sibling leads to a decrease in children’s probability of
being overweight by 4 percentage points and a decrease in the
likelihood of being ill by 5 percentage points. In general, our fixed
effects regressions provide additional support to the findings
obtained from the IV regression analyses.

The paper is organized as follows: in Section 2, we review
existing theories and empirical findings in related literature to
explore the underlying mechanisms that can explain a causal link
between family size and child health. In Section 3, we describe the
NLSY mother-child data used for our empirical analysis. In
Section 4, we discuss the empirical strategies employed in our
analysis. In Section 5, we present our findings from cross-sectional
and longitudinal regression analyses. Finally, in Section 6, we
provide brief concluding remarks.
1 See https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm; Retrieved
on November, 12, 2016.
2. Literature review

2.1. Child quantity and health quality trade-off – a theoretical
framework

The quantity-quality trade-off theory postulates that given a
budget constraint, an increase in the number of children increases
the marginal cost of family investments, which influence child
quality (Becker, 1960; Becker and Lewis, 1973; Becker and Tomes,
1976). This is because having additional children requires parental
resources to be allocated across a larger number of siblings. In this
context, an increase in the quantity of children is expected to
adversely affect each child’s physical well-being, assuming child
health depends on limited parental resources (e.g. market-based
goods including food, nutrition, and medical inputs and parental
time).

Millimet and Wang (2011) present a simplified extension of
Becker & Tomes’s (1976) quantity-quality trade-off model by
considering health-related resources and health endowment as
inputs of child quality. Households’ objective is to maximize their
utility U given by the function U = U (n, q, c), where n represents
child quantity, q represents child quality, and c is consumption.
Further, child quality q is a function of market-based health inputs
w and child’s health endowment u. In particular, child quality is
represented by the production function: q = q (w, u), where q is
positively related to both w and u (qw> 0 and qu> 0).

Households maximize their utility subject to a budget
constraint given by2:

c:pc þ n:pn þ wn:pw ¼ I ð1Þ
where I denotes household income, pc is the unit price of
consumption, pn is the cost per child, and pw represents price of
market-purchased health inputs.

The equilibrium condition is:

@U
@c

¼ lpc ¼ lpc

@U
@q

¼ l
pw

@q=@w
n ¼ lpq ð2Þ

@U
@n

¼ l wpw þ pnð Þ ¼ lpn

In the above equations, pc, pq, and pn are the shadow prices of
consumption, child quality, and child quantity, respectively.3 The
equilibrium condition suggests that an unplanned or exogenous
increase in the number of children increases the shadow price of
child quality, and a rise in child quality increases the shadow price
of child quantity. In other words, it is costlier for parents to
improve child health quality if there are a large number of children
in the household, and it is costlier to have additional children if
child quality is high.

Additionally, effects of family size on child health outcomes
may depend on children’s birth spacing and birth order. In
particular, closely-spaced younger siblings tend to involve higher
parental engagement, thereby subjecting older children to reduced
2 Millimet and Wang (2011) also include children’s sex ratio in their model
assuming that having more children belonging to the same sex can provide certain
cost advantages to households (discussed later). However, to provide a basic
understanding of the quantity-quality trade-off, it is not required to account for sex
ratio in the main model.

3 l in Eq. (2) represents the Lagrange multiplier of the optimization problem.

https://www.cdc.gov/growthcharts/html_charts/bmiagerev.htm;


44 K. Dasgupta, K.T. Solomon / Economics and Human Biology 29 (2018) 42–55
parental attention (Zajonc, 1976; Black et al., 2005; Angrist et al.,
2010; De Haan, 2010). Moreover, smaller childbearing intervals can
have adverse impacts on maternal health and pregnancy outcomes
(Dewey and Cohen, 2007; Conde-Agudelo et al., 2012a, 2012b). Not
surprisingly, empirical evidence provided in related literature
indicates that siblings’ birth interval is positively related to child
health and cognitive abilities (Huttly et al., 1992; Dewey and
Cohen, 2007; Buckles and Munnich, 2012; Conde-Agudelo et al.,
2012a, 2012b).

In addition, many previous studies stress the importance of
birth order and its role in influencing child outcomes (Hanushek,
1992; Black et al., 2005; Price, 2008). However, there is some level
of ambiguity in the existing literature regarding the impact of birth
order on children’s well-being and development. While a few
studies hypothesize that later-born children might benefit from
parents’ prior child-rearing experiences and increased life cycle
earnings, the majority of empirical studies argue that children born
earlier benefit more from a greater share of parental attention
(Hanushek, 1992; Price, 2008; Booth and Kee, 2009; De Haan,
2010).

2.2. Role of family in childhood obesity

Extreme body weight conditions during childhood can have
major health implications. Excess body weight increases the risk of
long-term health conditions including diabetes, heart disorders,
hypertension, and cancer (Must et al., 1992; Power et al., 1997;
Lobstein et al., 2004; Leonard et al., 2008; Reilly and Kelly, 2011).
Conversely, stunted growth during childhood, primarily resulting
from malnourishment and undernutrition, can elevate the risk of
mortality (by weakening immunity) and affect children’s cognitive
development (Walker et al., 2000; De Onis et al., 2004; Victora
et al., 2008).

It is important to recognize that the prevalence of children
being underweight or obese varies markedly across countries. In
general, the likelihood of children being underweight is relatively
more common in the developing economies of Asia and Africa,
whereas the proportions of children with excess weight are much
higher in industrialized regions (Wang et al., 2002a, 2002b; Bloss
et al., 2004; De Onis et al., 2004, Janssen et al., 2005; Wang and
Lobstein, 2006; Wang and Lim, 2012; De Onis et al., 2010).
Consistent with the international evidence, recent US-based
estimates show that American children are more likely to suffer
from obesity than they are from being underweight.4

In developed economies, one of the important factors to
consider is family’s socio-economic status, which appears to have a
strong inverse relationship with risk of childhood obesity (Baum
and Ruhm, 2009; Murasko, 2009; Wang and Lim, 2012; Alviola
et al., 2014; Walsh and Cullinan, 2015; Antelo et al., 2017). In
particular, incidence of childhood obesity is found to be greater in
families that are characterized by lower levels of household
income and parental education (Baum and Ruhm, 2009; Antelo
et al., 2017). Such high prevalence of obesity in economically
disadvantaged families is likely due to food insecurity, sedentary
lifestyle, and unhealthy dietary practices, e.g. consumption of
high-caloric fast foods and beverages (Smoyer-Tomic et al., 2008;
Drewnowski, 2009; Murasko, 2009; Walsh and Cullinan, 2015;
Antelo et al., 2017). In addition, maternal employment may also
increase child risk of having excess weight (Anderson et al., 2003;
Bauer et al., 2012). A number of studies have found a positive
4 National Health and Nutrition Survey’s recent estimates suggest that
prevalence of childhood obesity in the US was 17% in 2011–2012 and prevalence
of childhood underweight was 3.5% in 2011–2012 (Fryar & Ogden 2014; Ogden et al.,
2016)
association between mother’s labor market involvement and
childhood obesity, postulating that working longer hours reduces
parental involvement in health-promoting childcare activities
such as preparing homemade meals and performing physical
activities with children (Bauer et al., 2012; Cawley and Liu, 2012).

2.3. Existing evidence on child health outcomes of increase in family
size

As noted earlier, the few empirical studies on effects of family
size on child health outcomes have primarily focused on
developing regions (such as Bangladesh, China, and Indonesia).
Peters et al. (2014) examine family size effects on child health in
rural Bangladesh. Using multiple health outcomes (including
diarrhoea, respiratory infections, eye infections, and colds), the
authors do not find any empirical evidence in support of the
quantity-quality trade-off argument. On the other hand, using data
on Chinese children, Rosenzweig and Zhang (2009); Zhong (2017)
find a significant negative relationship between family size and
child health.5 However, in a cross-sectional survey across middle-
school children in eastern China, Hesketh et al. (2003) show that
children in one-child families are more likely to be overweight and
tend to visit doctors and dentists more frequently due to poor
health. Millimet and Wang (2011) employ data from the
Indonesian Family Life Survey to study the relationship between
family size and child health. The authors find mixed results for
family size effects on height-for-age and BMI-for-age indicators. In
particular, their results support the quantity-quality trade-off
theory, but only at select quantiles of BMI distribution of the child
sample used.

The only empirical evidence on a potential causal link between
family size and child health in a developed economy’s context is
offered by Lundborg et al. (2015). Using Swedish data on the male
population from 1965 to 1978 birth cohorts, the analysis indicates
that an exogenous increase in family size is positively related to
children’s height.

Research from an alternative strand of child health literature
suggests that children in larger families tend to have better health
outcomes. The positive association between family size and child
health is in line with the hygiene hypothesis proposed by Strachan
(1989). The hygiene hypothesis argues that compared to smaller
families, children in large families develop stronger immune
system as they are more likely to be exposed to various diseases
during the early years of their childhood. A number of studies in
child health research have corroborated the hygiene hypothesis,
showing that children in large families are less likely to have excess
body weight (Edwards and Grossman, 1979; Kruger et al., 2006).
Moreover, some studies indicate that children in large families are
also less prone to suffer from diseases and medical conditions, such
as diarrhoea, respiratory infection, hay fever, asthma, and allergy
(Strachan, 1989, 1997; Rona et al., 1997; Ponsonby et al., 1999;
Jensen and Ahlburg, 2002).

The above empirical evidence indicates that it is possible that
the combination of health benefits of a large sibship size (such as
development of immunity) and the presence of a generous social
safety net could offset the negative health impacts of resource
constraints imposed by a rise in family size. Furthermore, a higher
level of sibling interactions in large families may promote
children’s physical activities, and thereby reduce the risk of
childhood obesity (Hallal et al., 2006; Hohepa et al., 2007).

Finally, studies by Angrist and Evans (1998); Cáceres-Delpiano
5 Both studies utilize China’s one-child policy to construct an IV for exogenous
variations in family size. Health outcomes in the studies are measured by children’s
self-assessed health, BMI measures, and height-for-age Z-scores.



6 At least 73% of US children resided with their parents up to year 2000. In the
NLSY CYA sample used in our analysis, 97.3% of children were born prior to the year
2000. See http://www.pewsocialtrends.org/2015/12/17/1-the-american-family-to-
day/; Retrieved on February 22, 2017.

7 NLSY CYA includes information on child’s usual residence and whether child’s
father lives in her/his household. We also perform regressions using an unrestricted
child sample that includes all children who reside with their mothers, while their
fathers’ presence in households may vary (due to various reasons such as mother’s
marital status or parents’ occupational choices). Controlling for mother’s marital
status in regressions using unrestricted child sample, results are qualitatively
consistent with our main findings.

K. Dasgupta, K.T. Solomon / Economics and Human Biology 29 (2018) 42–55 45
(2006) predict that exogenous increases in family size reduce
mothers’ labor market activities (labor supply and labor force
participation). Although their results tend to provide empirical
support in favor of the quantity-quality trade-off theory, a mother's
decision to reduce her labor market participation may result from
her intention to take an active role in childcare. Therefore, the
existing research evidence (discussed in the previous section) of a
positive association between maternal employment and childhood
obesity may implicitly point towards the presence of an inverse
relationship between family size and the risk of childhood obesity.

2.4. Exogenous variation in family size

Family size is endogenously determined by parents. Therefore,
family size is likely to be related to unobserved parental
characteristics (such as parental ability) that may affect child
outcomes. In order to isolate the true causal effect of family size,
empirical analyses have extensively relied on twin births and
parental preference for a mixed sex composition of their children
as sources of exogenous variation in family size (some important
studies include Angrist et al., 2010; Black et al., 2005; Black et al.,
2010; De Haan, 2010).

Rosenzweig and Wolpin (1980) are the first authors to use twin
births as a natural experiment for an exogenous increase in family
size. Angrist and Evans (1998) considered sex composition of
children born earlier in a family as an important determining factor
for sibling size. They argued that parents with children of the same
sex are more likely to have an additional child in order to have a
mixed sex-composition of their children. An important consider-
ation for the validity of their instrumental variable is that
children’s sex is randomly determined.

However, it is important to note, that the local average
treatment effects (LATE) of family size may vary by the nature
of interventions generated by the two IV’s (Black et al., 2010). In
families where the first two children are of the same sex, the
decision to have an additional child varies by parental preference
for variety in the sex composition of their children. On the other
hand, twin births are usually unplanned in nature and involve
almost perfect compliance with respect to increase in family size
(Angrist et al., 2010; Black et al., 2010). However, estimation of
family size effects using multiple sources of exogenous variation
allows researchers to compare and ensure robustness of their
findings across various model specifications (Angrist et al., 2010;
Black et al., 2010; De Haan, 2010).

Recent empirical literature has discussed some possibilities
that demonstrate how both twin births and sibling sex compo-
sitions are likely to be correlated with unobserved heterogeneities
that can affect child outcomes (Rosenzweig and Zhang, 2009; Black
et al., 2010; Angrist et al., 2010; De Haan, 2010). For example,
following from the evidence on potential impacts of children’s
birth spacing, twin births can adversely affect older siblings’ health
outcomes (see Angrist et al., 2010; Black et al., 2010). On the other
hand, children’s sex composition may involve economies of scale in
child-rearing process such as sharing of room, clothes, and other
resources among same sex siblings (Rosenzweig and Zhang, 2009;
Angrist et al., 2010). To test the legitimacy of these concerns in our
analysis, we perform additional robustness checks similar to
methods adopted by Black et al. (2010); De Haan (2010).

3. Data: the NLSY sample

We match mothers’ data from the original NLSY 79 cohort with
their children from the NLSY CYA. Children in NLSY CYA are
surveyed biennially from 1986 (ongoing). We apply a few
conditions to the matched mother-child data to obtain a relevant
sample for the purpose of our empirical analyses. First, we restrict
the NLSY data to families with at least two children (Black et al.,
2005; Angrist et al., 2010). Second, since our objective is to analyze
effects of family size on children’s health, we limit our sample to
children aged 2–17.

Further, children who grow up in households with both
biological parents tend to exhibit better cognitive, behavioral,
and health outcomes than children in non-traditional households,
e.g. single parent or step-parent households (Amato Paul and Keith,
1991; Brown, 2004; Brown et al., 2015). In this regard, variations in
family structure may have a confounding influence on the
estimated relationship between family size and child health. To
address this empirical concern, our study focuses on children who
reside with both their parents.6,7 This results in a sample in which,
for approximately 95% of the observations, mothers are reported to
be married. Although, we do not control for mothers’ marital status
(due to lack of variation), inclusion of their marital information
does not affect our regression analysis.

Finally, height and weight information reported by children and
their mothers in NLSY CYA may suffer from reporting errors
(Gunnell et al., 2000; Cawley et al., 2015). For example, while
overweight people may understate their true weight, smaller
people are likely to over-report their actual height and/or weight.
Therefore, in order to ensure precision of our child health
indicators, we restrict our regression sample to objective measure-
ments (scale and tape-measured information) rather than relying
on self-reported data.

The above steps result in a sample of 7342 observations, which
includes 3052 children from 1540 families (full sample). For our IV
regression analyses, the full sample is subjected to further
modifications depending on the nature of the IV employed in
our estimated regressions. We discuss these modifications in the
next section.

We provide descriptive information of all the variables used in
our analysis in Table 1. Using estimated BMI (computed from NLSY
CYA height and weight information), we construct children’s body
weight indicators. Based on the age- and sex-specific BMI-for-age
distribution from 2000 CDC Growth Charts for the United States
(Kuczmarski et al., 2000), we create binary indicators for being
overweight, obese, and underweight (see Cawley et al., 2010, 2013).
In particular, BMI values greater than or equal to 85th and 95th
percentile of the age- and sex-specific BMI distribution are
classified as overweight and obese, respectively. BMI values less
than or equal to 5th percentile of the distribution are classified as
underweight.

In the full sample, 28% of the sample is overweight and almost
half of the overweight observations can be classified as obese.
Focusing on additional child health measures, while 11% of the full
sample is underweight, 35% of the sample is reported (by mothers)
to have suffered from illness that required medical attention in the
year prior to the survey. On average, households are comprised of
approximately three non-adult members in the full sample
(explanatory variable of interest).

Our cross-sectional regression analyses incorporate a number
of relevant child-, mother-, and family-specific characteristics.

http://www.pewsocialtrends.org/2015/12/17/1-the-american-family-today/;
http://www.pewsocialtrends.org/2015/12/17/1-the-american-family-today/;


Table 1
Descriptive information of regression sample from NLSY’s (1986–2012).

Variables Mean/Proportion (SD)

Child characteristics
Body Mass Index (BMI) 18.083 (5.675)
Overweight 0.277 (0.448)
Obese 0.140 (0.347)
Underweight 0.114 (0.318)
Incidence of child illness (Illness) 0.346 (0.476)
Household Size (under 18 years) 2.712 (1.100)
Hispanic 0.199 (0.399)
White 0.613 (0.487)
Females 0.491 (0.500)
Age 8.460 (3.366)
Weight at birth (in ounces) 120.085 (23.962)

Mother Characteristics
Highest grade completed (HGCM) 13.364 (2.641)
AFQT Scores 48466.200 (28772.720)
Rotter Scale 8.632 (2.361)
Body Mass Index 26.666 (6.036)
Age at child birth 28.057 (4.705)

Age 36.544 (4.723)
Family and birth-order characteristics
Poverty status 0.117 (0.321)
First child 0.323 (0.467)
Second child 0.382 (0.486)
Third child 0.192 (0.394)
Fourth child 0.066 (0.248)
Fifth (or more) child 0.038 (0.191)

IV information
Family with twins (later births) 0.004 (0.062)
First two children of same sex 0.470 (0.499)
First two children are girls 0.222 (0.416)
First two children are boys 0.247 (0.432)
Number of families (full sample) 1540
Number of children (full sample) 3052
Full sample size 7342
Twin IV regression sample size 7057
Same-sex IV sample size (first two children only) 5041

Note: The mean (standard deviation) of the variables used in regression analyses are
based on mother-child sample used in full sample regression analyses. The
summary statistics of the variables in our IV regression samples are similar. The IV
information in the above table are with respect to respective samples used. The
proportions of same-sex children (same sex, both girls, and both boys) are based on
child sample of first two children of families with at least two children. The mean
value of HGCM represents that on average, mothers have at least one year of college
education. The IV information are based on respective IV samples used in regression
analyses.

8 NLSY 79 also provides information on annual net family income. However, since
the income measures are likely to be in nominal terms, we use family’s poverty
status as an indicator of family's economic well-being. However, further estimation
of regression models by controlling for family income (or real measures of family
income by using annual average CPI values in the US) provides consistent findings
with our main analysis.

9 See https://www.nlsinfo.org/content/cohorts/nlsy79/topical-guide/income/
poverty-status-public-assistance-support-sources; Retrieved on August 23, 2017.
10 For our cross-sectional regression analysis, based on the specific NLSY CYA
information, we are able to look at the effects of number of household members
who may not be child’s immediate family. Hence, to describe our results in
Section 5.1, we use the term ‘household size’ instead of ‘family size’. The effects of
family size variations are more precisely captured in section 5.3.
11 Likelihood of multiple births may increase with number of deliveries
(Rosenzweig & Wolpin 2000; Li et al. 2008). In this context, Li et al. (2008)
employ binary twin indicators for having a twin birth at the nth delivery (as IV) and
perform separate IV regressions on samples of families with at least n births (n = 1,2,
and 3). However, the limited number of observations and lack of sufficient number
of twins in NLSY CYA (only 1% of the overall child sample) restrict us from adopting
similar empirical strategy as the regression estimates may not be reliable. However,
using Black et al.’s (2010) exact approach (which uses similar strategy as Li et al.
(2008) but corrects for sample selection by excluding children born after ‘n’ births),
we find that the family size effects are qualitatively similar to relationships
estimated in our primary analysis. Results are available upon request.
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Child-specific controls include information on birth weight (in
pounds), age, sex, race, and ethnicity. With respect to children’s
demographic characteristics, 20% belong to the Hispanic ethnicity,
while 61% of our sample is White.

Following from our earlier discussion, we also control for
children’s birth order in our models using separate dummies for
the second child, the third child, the fourth child, and for the fifth
(or more) child (see Table 1). The first child is the excluded
category.

We also include mothers’ information on schooling (highest
grade completed), Armed Forces Qualification Test raw scores
(AFQT scores), and scores on Rotter’s scale (locus of control
measure) to control for mothers’ academic achievement, cognitive
ability, and non-cognitive characteristics, respectively. Additional
maternal controls include mothers’ age (as of survey years) and
mothers’ body mass index (as a measure of maternal health). On
average, in the full sample, mothers tend to have childbirth at the
age of 28.

Finally, since family’s socio-economic status is an important
determinant of children’s health outcomes (see Section 2.2), we
control for family’s poverty status in our regression models as an
indicator of socio-economic conditions.8 Approximately 11% of the
full sample is classified as poor.9

4. Empirical strategy

4.1. Cross-sectional analysis using instrumental variables

Our cross-sectional analyses employ IV regressions to isolate
causal effects of household size10 on child health. The IV regression
model is-

Yi ¼ b0 þ b1
^HHSIZEi þ Xi

0b2 þ ei ð3Þ

HHSIZEi ¼ a0 þ a1Zi þ Xi
0a2 þ vi ð4Þ

where Yi represents child i’s health outcome (BMI and binary
health indicators). HHSIZEi denotes the number of non-adult
members in i’s household. Xi is a vector of child-, mother-, and
family-specific controls related to child i. b1 captures child health
effects of changes in household size.

Eq. (4) represents first stage of our IV regression analysis, where
Zi is treated as an instrumental variable for exogenous variation in
household size. As mentioned earlier, we use two sources of
exogenous variation in household size: twin births and parental
preference for mixed sex composition of their children.

First, utilizing the full sample, we allow for household size to be
endogenously determined by unobserved family characteristics
and estimate regression models similar to Eq. (3). We perform
ordinary least squares regression (OLS) for BMI (continuous
measure) and probit regressions for our binary health indicators.

In the regression analysis using twin births as an instrumental
variable, Zi is a binary indicator for the presence of a twin in child i’s
family (twin IV). The indicator is constructed by comparing survey
years with twin birth years. In the twin IV regression sample, we
select only non-twin children from our full sample. Further, in
families with twins, we restrict our sample to children who were
born prior to twin births (Black et al., 2010; Juhn et al., 2015).11 This
further limits the analysis sample to 7057 observations.

In regression models where we use sibling sex composition of a
family’s first two children as a source of exogenous variation in
household size, Zi is a binary indicator that equals 1 when the first
two siblings in i’s family are of the same sex (same-sex IV). The
same-sex IV is likely to generate exogenous changes in household

https://www.nlsinfo.org/content/cohorts/nlsy79/topical-guide/income/poverty-status-public-assistance-support-sources;
https://www.nlsinfo.org/content/cohorts/nlsy79/topical-guide/income/poverty-status-public-assistance-support-sources;
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size for the first two siblings. Therefore, we limit our analysis to a
sample of the first two children from non-twin families. Causal
effects of family size are estimated by the difference between
health outcomes of the first two children in same-sex siblings’
families and families where the first two children are of different
sex (Black et al., 2005; Angrist et al., 2010; De Haan, 2010). The
same-sex IV sample includes 5041 observations.

With respect to our IV estimation, the binary indicator of sibling
sex composition identifies a LATE from increasing the number of
children from two to three. In comparison, the binary indicator for
twin births is constructed in a way such that the LATE identified by
the IV depends on the birth parity of the twins.

Finally, we employ both the twin and same-sex IV’s (combined
IV) together in our regression models to perform Sargan-Hansen
test of overidentifying restrictions to empirically evaluate the
validity of our instruments using the same-sex IV regression
sample. A statistically insignificant x2 value (Sargan-Hansen J
statistic) shall support the statistical validity of the exclusion
restriction assumption of the IV’s. We also employ additional
robustness tests to verify whether younger siblings’ birth intervals
(test for twin-IV’s validity) and siblings’ sex composition (test for
same-sex IV’s validity) have any potential effect on the child health
outcomes of interest.

For our IV regression analyses, we estimate a two-stage least
squares (2-SLS) model where child BMI is the dependent variable
and probit regressions in the second stage for our binary health
indicators. The standard errors in all our regressions are corrected
for clustering at the family-level.

4.2. Longitudinal regression analysis

An additional empirical concern may arise from the possibility
that the effects of an increase in family size for large families may
differ from the effects of having an additional member in smaller
Table 2
Relationship between household size and child body mass index (BMI).

Full sample Twin IV sample 

OLS
(1)

OLS 

(2) 

BMI S.M. = 18.083 S.M. = 18.110 

Household size �0.289*** �0.289***

(0.100) (0.103) 

Birth weight 0.013*** 0.013***

(0.004) (0.004) 

2nd child 0.059 0.069 

(0.161) (0.165) 

3rd child 0.515** 0.520**

(0.253) (0.263) 

4th child 1.001** 1.223**

(0.469) (0.510) 

5th (or more) child 0.823* 0.829*

(0.476) (0.505) 

First stage- twin IV 

First stage- Same-sex 

Partial F-statistic 1st stage 

Sargan statistic (p-value) 

Sample size 7342 7057 

Note: Linear regression coefficients are reported in the above table. We estimate two-sta
for clustering at the family-level and are provided in parentheses. Child controls include in
include BMI, AFQT scores, Rotter’s scale, highest grade completed, and current age. Fam
sample includes children who reside with both their parents. Full sample (column 1) incl
sample (columns (2) and (3)) includes non-twin children in families with at least two chil
children in families with at least two children. P-value of Sargan-Hansen statistic (overide
analysis.
S.M. � Sample mean. *** p < .01, ** p < .05, * p < .1.
families. However, the cross-sectional analyses discussed in the
previous section do not address this potential selection issue.
Furthermore, the cross-sectional study incorporates NLSY’s
information on number of (non-adult) household members as
an explanatory variable, which may include individuals who are
not part of the children’s immediate family. To address these
issues, we take advantage of the longitudinal format of the NLSY
data to perform child fixed effects regression analysis. The fixed
effects regressions capture how child health outcomes vary with
the arrival of younger siblings by controlling for child-specific
time-invariant characteristics that may be correlated with family
size and also affect child health outcomes (Juhn et al., 2015). In this
context, it is important to note that the average treatment effects
estimated in the longitudinal analysis is not comparable to the IV
regression estimates due to variation in the treatments assessed
across regression model specifications. Nonetheless, the purpose
of this additional empirical exercise is to further understand the
relevance of the quantity-quality trade-off theory with respect to
child health. Our baseline fixed effects regression model is-

Yijt ¼ g0 þ g11:faftergijt þ H
0
itg2 þ ai þ uijt ð5Þ

where Yijt is the health outcome of child i with a younger sibling j
(i’s immediate next sibling) at time t. Hit is a vector of time-varying
controls. ai represents child fixed effects. The sample for estimation
of Eq. (5) includes children whose mothers gave birth to at least
one younger sibling during the study period. 1.{after}ijt is a binary
indicator constructed by comparing birth year of younger sibling j
with NLSY CYA survey years such that it equals 1 for survey years
greater than or equal to j’s birth year. g1 captures the impact of
having an additional sibling on the children’s health outcome.

Further, the NLSY child sample allows us to capture changes in
child health outcomes across successive births of younger siblings.
In particular, we modify Eq. (5) by introducing multiple indicators
for successive births of younger siblings. The estimated child fixed
Same-sex IV sample

IV OLS Same-sex IV Combined IV
(3) (4) (5) (6)

S.M. = 18.024
�0.305 �0.237** 0.818 0.184
(0.769) (0.099) (1.534) (0.699)
0.013*** 0.010** 0.008* 0.009**

(0.004) (0.005) (0.005) (0.004)
0.073 0.109 �0.109 0.022
(0.234) (0.167) (0.350) (0.203)
0.534
(0.702)
1.247
(1.266)
0.867
(1.909)
1.067*** 1.135***

(0.259) (0.175)
0.125*** 0.124***

(0.045) (0.022)
49.15 16.04 37.10

0.47
7057 5041 5041 5041

ge least squares models for our IV regression analysis. Standard errors are corrected
formation on birth weight (in ounce), age, sex, race, and birth order. Mother controls
ily control includes family’s poverty status. The mother-child matched regression
udes children in families with at least two children (discussed in Section 3). Twin IV
dren. Same-sex IV sample (columns (4), (5) and (6)) includes only first two non-twin
ntification test) indicates the empirical validity of the IV’s used in our cross-sectional
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effects regression model is-

Yikt ¼ r0 þ
XN

k¼1

ljl:faftergikt þ H
0
itr1 þ ai þ eikt ð6Þ

In Eq. (6), for each child i we capture variation in i’s health
outcomes across births of younger siblings from the first, up to the
Nth parity (N being the total number of i’s younger siblings
captured in the study period for each family). For example, for a
firstborn child, Eq. (6) will estimate the effects of birth of the
second child up to the Nth younger sibling on the firstborn child’s
health outcome. Each 1.{after}ikt is a binary indicator that equals 1
from the time of arrival of a younger sibling until the next sibling is
born. lj’s are the estimates of the effects of the birth of younger
siblings. Since Eq. (6) is a modified version of Eq. (5), variables Hit,

and ai have similar interpretations. Given our limited sample size,
especially at higher birth parities, we restrict our analysis to
estimating the effects of younger siblings’ arrival at the first, up to
the third (or more) parity.
Table 3
Relationship between household size and likelihood of having excess body weight.

Full sample Twin IV sample 

Probit Probit 

(1) (2) 

Overweight S.M. = 0.277 S.M. = 0.280 

Household size �0.015* �0.015*

(0.008) (0.008) 

Birth weight 0.001** 0.001**

(0.000) (0.000) 

2nd child �0.004 �0.002 

(0.016) (0.016) 

3rd child 0.025 0.025 

(0.022) (0.023) 

4th child 0.042 0.058 

(0.032) (0.034) 

5th (or more) child 0.047 0.052 

(0.042) (0.044) 

Sargan statistic (p-value) 

Obesity S.M. = 0.140 S.M. = 0.142 

Household size �0.016** �0.017**

(0.006) (0.007) 

Birth weight 0.001** 0.001***

(0.000) (0.000) 

2nd child 0.001 0.004 

(0.013) (0.013) 

3rd child 0.032* 0.036**

(0.018 (0.018) 

4th child 0.036 0.051**

(0.024) (0.025) 

5th (or more) child 0.059* 0.066 

(0.031) (0.033) 

First stage- twin IV 

First stage- Same-sex 

Partial F-statistic first stage 

Sargan statistic (p-value) 

Sample size 7342 7057 

Note: We report marginal effects from our probit regressions (second-stage in IV regressio
in parentheses. Child controls include information on birth weight (in ounce), age, sex, ra
grade completed, and current age. Family control includes family’s poverty status. The mo
parents. Full sample (column 1) includes children in families with at least two children
children in families with at least two children. Same-sex IV sample (columns (4), (5) and
P-value of Sargan-Hansen statistic (overidentification test) indicates the empirical vali
S.M. � Sample mean. *** p < .01, ** p < .05, * p < .1.
5. Results

5.1. IV regression analysis

In Table 2, we report OLS and IV (2-SLS) regression estimates of
the impact of household size on children’s BMI. Our OLS regression
result (using the full sample) suggests that an increase in
household size has a strongly significant and negative association
with child BMI. In particular, an increase in household size by an
additional member is related to a decrease in child’s BMI by 0.29
units (column 1), which is equivalent to 1.7% of the relevant sample
mean. This finding contrasts with our IV results, which shows that
exogenous variations in household size do not have any significant
impact on child BMI (columns 3 and 5). Household size and BMI are
negatively related when increase in household size is triggered by
twin births (column 3). However, in regressions using the same-
sex sibling IV, the regression coefficient on household size is
positive (column 5). We also estimate the OLS specification for the
respective IV regression samples (see columns 2 and 4).

The first stage regression coefficients in Table 2 are strongly
significant for both the IV’s. Twin birth leads to an increase in
Same-sex IV sample

IV Probit Same-sex IV Combined IV
(3) (4) (5) (6)

S.M. = 0.264
�0.004 �0.014 �0.095 �0.048
(0.109) (0.009) (0.134) (0.064)
0.001** 0.001 0.001 0.001*

(0.000) (0.000) (0.000) (0.000)
�0.004 �0.005 0.012 0.003
(0.029) (0.017) (0.032) (0.019)
0.015
(0.096)
0.041
(0.172)
0.025
(0.267)

0.48

S.M. = 0.127
�0.046 �0.016** �0.035 �0.021
(0.051) (0.007) (0.107) (0.048)
0.001** 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000)
0.010 0.001 0.006 0.004
(0.017) (0.013) (0.026) (0.014)
0.061
(0.047)
0.096
(0.082)
0.137
(0.127)
1.067*** 1.135***

(0.259) (0.175)
0.125*** 0.124***

(0.045) (0.022)
49.15 16.04 37.10

0.88
7057 5041 5041 5037

ns). Standard errors are corrected for clustering at the family-level and are provided
ce, and birth order. Mother controls include BMI, AFQT scores, Rotter’s scale, highest
ther-child matched regression sample includes children who reside with both their

 (discussed in Section 3). Twin IV sample (columns (2) and (3)) includes non-twin
 (6)) includes only first two non-twin children in families with at least two children.
dity of the IV’s used in our cross-sectional analysis.
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household size by an additional member (regression coefficient
equals 1.1; see column 3). The effects of twin births on household
size are similar to estimates found in recent US-based literature
(De Haan, 2010 (0.9); Juhn et al., 2015 (1.8)). On the other hand, the
first stage regression coefficient on same-sex IV (0.13, see column
5) is marginally higher than estimates found in recent studies
(coefficients in studies by Angrist et al., 2010, Black et al., 2005, and
De Haan, 2010 vary between 0.07 and 0.11). It is useful to note,
however, that the 95% confidence intervals around our point
estimate ([0.06, 0.19]) are within the range of coefficient values
obtained in the aforementioned international literature. Empirical
validity of both the IV’s is partially supported by large F-values in
the first stage regressions.

The BMI threshold for having a healthy body weight varies by
child’s age. Therefore, the regression estimates in Table 2 do not
directly indicate whether changes in household size affect
children’s likelihood of having unhealthy body weight. For more
explicit evidence on child health outcomes of family size
variations, we focus on excess body weight indicators. In Table 3,
we report the estimated marginal effects from probit and IV
regressions with respect to the binary indicators for being
overweight and obese. Probit regression results (using the full
sample) suggest that an increase in household size by an additional
member is associated with a decrease in the probability of being
overweight and the probability of being obese by approximately 2
percentage points each (column 1). The effects are statistically
significant at the 10% level for the overweight indicator and at the
5% level for the obesity indicator. In our IV regressions, although
household size appears to be negatively related to the likelihood of
having excess body weight (columns 3 and 5), the marginal effects
are not statistically significant.

Additionally, we examine the relationship between household
size and binary child health indicators of underweight and illness
that requires medical attention. Estimating household size’s effects
on incidence of child illness shall provide useful insights into the
validity of the hygiene theory. Prior to running any regressions, we
utilize the full sample data to observe age-specific trends in
incidence of child illness across households with different sibling
size. In particular, we compare children with no siblings to
firstborn children in a multiple-sibling household. In Fig. 1, we find
that in both the household types, children are more likely to fall ill
during the early childhood years followed by a declining trend in
the incidence of illness. Interestingly, we find that after reaching a
Fig. 1. Age-specific trends in incidence of child illness by sibling size.
Note: The above graph compares proportion of firstborn children falling ill (that
requires medical attention) in the year prior to survey (as reported by mothers) in
households with two or more siblings with proportion of children falling ill in the
year prior to survey in one-child households.
maximum (at age one), the trend in incidence of illness for children
with at least one sibling consistently lies below the line
representing trend for children with no sibling, until the age of
17. The observed trends in incidence of illness by sibling size
appears to support the hygiene theory.

In Table 4, we report the marginal effects from the regression
analysis using binary indicators of underweight and child illness. In
our full-sample probit regression, we find no evidence of a
significant association between household size and probability of
being underweight. However, household size is associated with a
2-percentage point decrease (6.6% relative to sample mean) in the
probability of illness (see column 1). Turning to the IV regression
estimates, we find that variation in household size does not have
any significant effect on the likelihood of being underweight or
suffering from illness (columns 3 and 5).

To summarize, the full sample probit regression analyses show
that an increase in household size is associated with better child
health outcomes. However, controlling for endogeneity in house-
hold size, we do not find any significant relationship between a
change in the number of children in a household and child health
outcomes. Simply put, the IV regression results do not provide any
empirical support in favor of the quantity-quality trade-off theory.
Further, the statistically insignificant IV regression estimates
support the assumption that potential health benefits associated
with a large sibship size (as discussed earlier) are likely to weaken
the negative impact on child health quality due to resource
constraints, as highlighted by the quantity-quality trade-off theory.

5.2. Additional robustness analysis

We perform additional tests to verify the statistical validity of
our IV’s. First, we use the same-sex IV regression sample to
estimate IV regressions using both twin and same-sex IV’s together
(combined analysis). In the sample used for the combined analysis,
twin births generate exogenous household size variations from the
third delivery onwards. Using both the IV’s allows us to test for
overidentifying restrictions (Sargan, 1958). The joint null hypoth-
esis in the Sargan-Hansen overidentification test considers the
possibility that the excluded instruments are uncorrelated with
the error term in the estimated model. We report the p-values of
the Sargan-Hansen statistic estimated from the combined IV
regression analysis in column 6 of Tables 2–4. We find that the x2-
value is statistically insignificant across all child health measures.

Second, we use Black et al.’s (2005) methodology to study if
birth spacing of younger siblings is related to older siblings’
probability of having excess weight. For our analysis, we consider a
sample of firstborn children from non-twin families with three or
more siblings. Next, we construct a binary indicator for the first
child that equals 1 if the time between the birth of the second and
the third sibling is less than eighteen months.12 Regressing excess
body weight indicators on the binary indicator of birth space
between the second and the third sibling indicate that closely-
spaced younger siblings are not related to the older children’s
probability of having excess body weight (see Table 5; Panel A).

Finally, we follow De Haan’s (2010) approach to verify if
children’s sex composition has any significant relationship with
the child health outcomes of interest (excess body weight
indicators). In particular, we regress the excess body weight
indicators (of being overweight and obese) on two dummy
variables representing whether all the siblings in a family are
boys (‘all boys’) and whether all the siblings are girls (‘all girls’) by
12 Black et al. (2005) also look at younger siblings (second and third siblings)
whose births are less than a year apart. However, the lack of sufficient data in our
analysis sample restricts us from performing further analysis.



Table 4
Relationship between household size and likelihood of being underweight and ill.

Full sample Twin IV sample Same-sex IV sample

Probit Probit IV Probit Same-sex IV Combined IV
(1) (2) (3) (4) (5) (6)

Underweight S.M. = 0.114 S.M. = 0.113 S.M. = 0.112
Household size 0.003 0.004 0.037 0.001 0.002 0.004

(0.005) (0.005) (0.065) (0.006) (0.085) (0.046)
Birth weight �0.001*** �0.001*** �0.001*** �0.001*** �0.001*** 0.001***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
2nd child �0.006 �0.005 �0.012 �0.005 �0.005 �0.004

(0.010) (0.011) (0.018) (0.011) (0.020) (0.013)
3rd child 0.000 0.001 �0.026

(0.014) (0.014) (0.057)
4th child �0.014 �0.027 �0.078

(0.019) (0.021) (0.103)
5th (or more) child �0.019 �0.018 �0.096

(0.028) (0.028) (0.158)
First stage- twin IV 1.067*** 1.135***

(0.259) (0.175)
First stage- Same-sex 0.125*** 0.124***

(0.045) (0.022)
Partial F-statistic first stage 49.15 16.04 37.10
Sargan statistic (p-value) 0.97
Sample size 7342 7057 7057 5041 5041 5037

Illness S.M. = 0.346 S.M. = 0.345 S.M. = 0.359
Household size �0.023*** �0.021*** 0.004 �0.018 0.134 0.040

(0.009) (0.009) (0.146) (0.012) (0.124) (0.070)
Birth weight �0.000 �0.000 �0.000 �0.000 �0.000 �0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
2nd child �0.002 �0.000 �0.005 �0.007 �0.037 �0.020

(0.013) (0.013) (0.035) (0.014) (0.027) (0.020)
3rd child �0.014 �0.010 �0.031

(0.020) (0.021) (0.126)
4th child 0.024 0.016 �0.023

(0.029) (0.031) (0.228)
5th (or more) child 0.032 0.027 �0.033

(0.042) (0.044) (0.354)
First stage- twin IV 1.066***

(0.259)
First stage- Same-sex 0.125***

(0.045)
Partial F-statistic first stage 49.02 16.20 37.10
Sargan statistic (p-value) 0.17
Sample size 7348 7063 7063 5048 5048 5044

Note: We report marginal effects from our probit regressions (second-stage in IV regressions). Standard errors are corrected for clustering at the family-level and are provided
in parentheses. Notes related to controls and methods utilised, as described in Table 3, apply here. *** p < .01, ** p < .05, * p < .1.

Table 5
Testing importance of birth spacing and sex composition in risks of having excess weight.

Overweight Obese

(1) (2) (3) (4)

S.M. = 0.235 S.M. = 0.277 S.M. = 0.105 S.M. = 0.140
Panel A
Birth spacing < = 18 months (between 2nd and 3rd child) 0.037 �0.008

(0.064) (0.040)
Sample size 901 901
Panel B
All girls 0.001 0.007

(0.020) (0.015)
All boys �0.013 0.003

(0.021) (0.015)
Sample size 7362 7362

Note: Marginal effects from probit regressions are reported in the above Table. Standard errors are corrected for clustering at the family-level and are provided in parentheses.
Child controls include information on birth weight (in ounce), age, sex, race, and birth order (for all girls and all boys regressions only). Mother controls include BMI, AFQT
scores, Rotter’s scale, highest grade completed, and current age. Family control includes family’s poverty status. Panel A results are based on all firstborn children in non-twin
families with at least three children. Panel B results are based on full sample. All marginal effects are statistically insignificant.
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Table 6
Effects of birth of a younger sibling on child health using child fixed effects.

BMI Overweight Obese Underweight Illness

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

S.M. = 17.841 S.M. = 0.271 S.M. = 0.156 S.M. = 0.091 S.M. = 0.330
After birth of younger sibling �0.343 �0.044* �0.017 0.001 �0.049*

(0.307) (0.024) (0.019) (0.021) (0.027)
Short-term (0–3 years) �0.337 �0.043* �0.016 0.000 �0.044

(0.307) (0.024) (0.019) (0.021) (0.027)
Long-term (3+ years) �0.357 �0.048* �0.021 �0.003 �0.063**

(0.341) (0.027) (0.022) (0.023) (0.032)

Note: Linear child fixed effect regression coefficients are reported in the above Table. Standard errors are corrected for clustering at the family-level and reported in
parentheses. The models control for time-varying characteristics including child age, mother’s age, mother’s BMI, and family’s poverty status. The above regression analyses
include 10611 observations.

* p < .1.
** p < .05.
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including controls used in our full-sample regressions (Eq. (3)). The
estimated marginal effects of ‘all boys’ and ‘all girls’ for both the
health outcomes of interest are statistically insignificant, suggest-
ing that children’s sex composition does not have a direct
association with the health outcomes of interest in our sample
(see Table 5; Panel B). However, it is important to note that the
regression estimates (reported in Table 5) obtained from the
additional empirical tests do not represent causal relations.

5.3. Health effects of arrival of younger siblings using fixed effects
regressions

Table 6 presents our linear child fixed effects regression
estimates of the impact of the birth of a younger sibling on the
older sibling’s health outcomes. Controlling for time-invariant
child fixed effects, we estimate regression models represented by
Eq. (5). We find that the arrival of a younger sibling is related to a 4-
percentage point decline in the probability of being overweight
and a 5-percentage point drop in the likelihood of suffering from
Table 7
Effects of birth of a younger sibling on child health using family fixed effects.

BMI Overweight 

(1) (2) (3) (4) 

After birth of younger sibling 0.032 0.002 

(0.169) (0.013) 

Short-term (0–3 years) �0.043 0.003 

(0.181) (0.014) 

Long-term (3+ years) 0.077 0.001 

(0.186) (0.014) 

Note: Linear family fixed effect regression coefficients are reported in the above Table
parentheses. The models control for time-varying characteristics including child age, mo
include 10611 observations. All regression coefficients are statistically insignificant.

Table 8
Effects of birth of additional siblings on older children’s health outcomes (using child 

Arrival of younger sibling at: BMI Overweight 

(1) (2) 

First parity �0.321 �0.043*

(0.306) (0.023) 

Second parity �0.748 �0.044 

(0.541) (0.035) 

Third (or more) parity �0.677 �0.025 

(0.557) (0.052) 

Note: Linear child fixed effect regression coefficients are reported in the above Table
parentheses. The models control for time-varying characteristics including child age, mot
we perform regressions using sample of first-born children only. The above regression

* p < .1.
** p < .05.
illness (columns 3 and 9). The effects are statistically significant at
the 10% level.

Further, we estimate the short-term and long-term impacts of
the birth of a younger sibling on children’s health measures. To
perform our analysis, we incorporate two binary indicators in
Eq. (5) to capture a short-term effect (for 0 to 3 years after younger
sibling j is born in child i’s family) and a long-term effect (for 3+
years). Our results suggest that the negative relationship between
the arrival of a younger sibling and the probability of being
overweight and falling ill is greater in the long-term (columns 4
and 10).

Additionally, we estimate fixed effects regression by controlling
for family fixed effects as childbirth and child health quality
depend on parental decisions. We report our family fixed effects
linear regression results in Table 7. We do not find any significant
relationship between birth of a younger sibling and older
children’s health outcomes.

Finally, we study how birth of younger siblings at successive
parities affect older siblings’ health outcomes (see Eq. (6)). The
Obese Underweight Illness

(5) (6) (7) (8) (9) (10)

�0.004 �0.011 �0.007
(0.011) (0.010) (0.012)

�0.003 �0.006 �0.008
(0.011) (0.013) (0.015)
�0.005 �0.013 �0.006
(0.013) (0.010) (0.013)

. Standard errors are corrected for clustering at the family-level and reported in
ther’s age, mother’s BMI, and family’s poverty status. The above regression analyses

fixed effects).

Obese Underweight Illness
(3) (4) (5)

�0.015 0.001 �0.043
(0.017) (0.021) (0.027)
�0.042 0.020 �0.094**

(0.027) (0.031) (0.043)
�0.030 0.028 �0.009
(0.043) (0.040) (0.064)

. Standard errors are corrected for clustering at the family-level and reported in
her’s age, mother’s BMI, and family’s poverty status. The results are consistent when

 analyses include 10611 observations.



Table 9
Effects of birth of additional siblings on older children’s health outcomes (using family fixed effects).

Arrival of younger sibling at: BMI Overweight Obese Underweight Illness
(1) (2) (3) (4) (5)

First parity 0.044 0.003 �0.002 �0.010 �0.005
(0.167) (0.013) (0.010) (0.010) (0.012)

Second parity �0.368 �0.016 �0.029 �0.010 �0.007
(0.313) (0.022) (0.017) (0.015) (0.019)

Third (or more) parity �0.134 0.011 0.010 �0.010 �0.011
(0.347) (0.035) (0.027) (0.021) (0.030)

Note: Linear family fixed effect regression coefficients are reported in the above Table. Standard errors are corrected for clustering at the family-level and reported in
parentheses. The models control for time-varying characteristics including child age, mother’s age, mother’s BMI, and family’s poverty status. The results are consistent when
we perform regressions using sample of first-born children only. The above regression analyses include 10611 observations. All regression coefficients are statistically
insignificant.

52 K. Dasgupta, K.T. Solomon / Economics and Human Biology 29 (2018) 42–55
estimated regression coefficients reported in Table 8 suggest that
the birth of a younger sibling at the first parity is related to a 4-
percentage point decrease in the probability of being overweight
(column 2). Further, the birth of a younger sibling at the second
parity is related to a 9 percentage-point drop in the likelihood of
falling ill (column 5). In general, when we control for child fixed
effects, the negative effect between increase in family size and
children’s health problems are relatively large when a younger
sibling is born at the second parity. The results from a similar
analysis of family fixed effects are reported in Table 9, where we
find that all of the estimated coefficients are statistically
insignificant.

The fixed effects analyses show that the arrival of a younger
sibling is unrelated to a decline in child health quality. Moreover,
when controlling for child fixed effects, we find that the arrival of a
younger sibling at the first parity is related to better health
outcomes of the older child. It is important to note here that
depending on the model specifications, the IV estimation and fixed
effects regressions identify the effects of a change in family size at
different margins. The discrepancies between our cross-sectional
and panel-data analyses can likely be attributed to the way the
models are classified. Nonetheless, the additional longitudinal
analysis corroborates our cross-sectional findings. Overall, we do
not find any evidence of a quantity-quality trade-off between
family size and child health.
Table 10
Event study to explore trends in children’s body weight before and after birth of an ad

Time relative to younger sibling’s birth BMI Over
(1) (2) 

4+ years before 0.755 �0.0
(0.622) (0.05

3 years before 0. 573 0.010
(0.692) (0.06

2 years before �0.255 �0.0
(0.482) (0.04

1 year before �0.070 �0.0
(0.611) (0.05

1 year after �0.715 �0.0
(0.545) (0.04

2 years after �1.153** �0.0
(0.566) (0.03

3 years after �1.361** �0.0
(0.536) (0.03

4 years after �1.617*** �0.0
(0.589) (0.03

5+ years after �1.416*** �0.0
(0.534) (0.03

F of dlead1 + dlead2 + dlead3 + dlead4 = 0 F = 0.24 F = 0.
p = 0.63 p = 0

Note: Linear child fixed effect regression coefficients are reported in the above Table
parentheses. The models control for time-varying characteristics including child age, m
observations. *** p < .01, ** p < .05, * p < .1.
5.4. Event study – test for endogenous changes in family size

Children’s health outcomes may affect parental decisions to
have an additional childbirth. For example, healthy children may
incentivize parents to conceive more children. This may lead to
reverse causality concerns that could bias our fixed effects
regression coefficients. Hence, using children’s birth year informa-
tion, we perform an event study to see if there is any evidence of
endogenous birth timing (Juhn et al., 2015). We estimate-

Yijt ¼ u0 þ
X�1

r¼�4

drT
r
ijtþ

X5

r¼1

drT
r
ijt þ X

0
itu2 þ ai þ mit ð7Þ

where Trijt is a dummy variable that equals 1 for year t when t is r
years relative to the year of birth of the next younger sibling j. To
account for anticipatory effects, we create dummies for up to 4
years prior to a younger sibling’s birth year. For post-treatment
effects (where childbirth is the treatment), we create dummies for
up to 5 years after the younger sibling’s birth keeping the birth year
as the excluded category.

Controlling for child fixed effects, the results of our event study
are reported in Table 10. The point estimates for body weight
indicators for years prior to younger siblings’ birth are statistically
insignificant. However, we find a statistically significant increase in
the probability of suffering from illness during the year prior to
birth of a younger sibling. Nonetheless, the F-values associated
ditional sibling birth (using child fixed effects).

weight Obese Underweight Illness
(3) (4) (5)

29 0.059 �0.006 0.004
7) (0.051) (0.049) (0.063)

 0.034 0.002 0.080
1) (0.051) (0.051) (0.084)
63 �0.027 �0.061* 0.063
8) (0.043) (0.033) (0.053)
25 �0.020 �0.001 0.115**

2) (0.041) (0.045) (0.057)
43 �0.002 �0.001 0.024
0) (0.030) (0.037) (0.045)
71** �0.017 �0.005 �0.022
2) (0.024) (0.031) (0.036)
61* �0.020 �0.009 0.002
7) (0.027) (0.033) (0.044)
49 �0.025 �0.014 �0.047
3) (0.025) (0.030) (0.039)
71** �0.022 �0.008 �0.020
5) (0.026) (0.029) (0.040)
48 F = 0.26 F = 0.24 F = 2.10
.49 p = 0.61 p = 0.62 p = 0.15

 Standard errors are corrected for clustering at the family-level and reported in
other’s age, mother’s BMI, and family’s poverty status. The sample contains 11131



Table 11
Event study to explore trends in children’s body weight before and after birth of an additional sibling birth (using family fixed effects).

BMI Overweight Obese Underweight Illness
Time relative to younger sibling’s birth (1) (3) (4) (2) (5)

4+ years before �0.072 �0.006 0.006 �0.015 �0.002
(0.183) (0.016) (0.013) (0.011) (0.013)

3 years before 0.303 0.038 0.052 �0.022 0.038
(0.504) (0.050) (0.040) (0.044) (0.062)

2 years before 0.043 �0.044 �0.026 �0.064 0.059
(0.694) (0.041) (0.035) (0.029) (0.043)

1 year before �0.215 0.006 �0.005 �0.013 0.058
(0.448) (0.043) (0.035) (0.036) (0.045)

1 year after �0.692* 0.007 �0.002 �0.015 0.009
(0.413) (0.032) (0.026) (0.028) (0.033)

2 years after �1.018** �0.042 �0.025 �0.016 �0.028
(0.453) (0.028) (0.022) (0.025) (0.029)

3 years after �1.236*** �0.004 �0.009 �0.022 �0.022
(0.381) (0.030) (0.024) (0.024) (0.029)

4 years after �1.317*** �0.006 �0.015 �0.024 �0.031
(0.421) (0.028) (0.022) (0.023) (0.029)

5+ years after �0.984*** �0.024 �0.020 �0.027 �0.018
(0.365) (0.027) (0.022) (0.020) (0.026)

F of dlead1 + dlead2 + dlead3 + dlead4 = 0 F = 0.00 F = 0.00 F = 0.10 F = 1.16 F = 2.05
p = 0.96 p = 0.95 p = 0.75 p = 0.28 p = 0.15

Note: Linear family fixed effect regression coefficients are reported in the above Table Standard errors are corrected for clustering at the family-level and reported in
parentheses. The models control for time-varying characteristics including child age, mother’s age, mother’s BMI, and family’s poverty status. The sample contains 11131
observations. *** p < .01, ** p < .05, * p < .1.
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with overall significance of our lead dummies do not provide any
empirical evidence of a reverse causality between child outcomes
and parental decisions to have an additional child. Finally,
considering childbirth as an outcome of parental choices, we
estimate a variant of Eq. (7) by controlling for family fixed effects.
The estimated family fixed effects regression results, reported in
Table 11, indicate that younger siblings’ births are not significantly
related to older siblings’ prior health outcomes.

6. Conclusions

This study is among the first to conduct a comprehensive
empirical analysis on the effects of

family size on child health (in terms of body weight) in
developed economies. Previous studies have often focused on
other outcomes such as educational attainment; and the few
related studies in the child health space have focused on
developing countries, where population density is a large social
concern. Given the socio-economic and cultural differences across
countries at varying stages of development, the current analysis
evaluates the relevance of family planning policies in the context of
developed countries.13 In particular, the absence of an inverse
relationship between child quantity and health quality in
traditional US families provides empirical support in favor of
studies that discuss the importance of a well-organized social
welfare system commonly attributed to advanced societies.
However, as the proportion of American children born in
disadvantaged families continues to rise, our study opens further
scope for future research that can focus on more contemporaneous
and detailed evaluations of the child health outcomes of family
size.14
13 A few past studies that have explored the relevance of family planning policies
in developing world include Hossain (1989; Rosenzweig & Wolpin (1986;
Philippines); Rosenzweig & Zhang (2009; China).
14 Recent US-based statistical estimates on American families suggest that while
39% of all children reside in single-parent or no-parent families, around 21% of all
children live in poverty (Livingston, 2014). Also see http://www.nccp.org/topics/
childpoverty.html; Retrieved on September 15, 2017.
Furthermore, the absence of a quantity-quality trade-off with
respect to excess body weight indicators would encourage
policymakers to streamline their attention to other social and
family-level determinants of childhood obesity in the US. Finally,
US-based studies that provide empirical evidence of the quantity-
quality trade-off theory find a negative relationship between
family size and children’s cognitive abilities or educational
achievements (Blake, 1981; Cáceres-Delpiano, 2006; Juhn et al.,
2015). In this context, the analysis in this paper suggests that
parental investments in the child-rearing process are not only
affected by changes in family size, but may also vary by parental
priorities assigned to different aspects of child development. It is
plausible that in traditional US households, child health receives
higher degrees of parental importance than cognitive development
during the early stages of childhood.

Acknowledgements

We are extremely grateful to Gail Pacheco, Catherine Maclean,
Brenden Mason, and Keshar Ghimire, and all participants of CSDA’s
2017 workshop on children and youth for their valuable comments
on this study. We are solely responsible for all errors committed in
this study.

References

Alviola, Pedro A., Nayga, Rodolfo M., Thomsen, Michael R., Danforth, Diana, Smartt,
James, 2014. The effect of fast-food restaurants on childhood obesity: a school
level analysis. Econ. Hum. Biol. 12, 110–119.

Amato Paul, R., Keith, B., 1991. Parental Divorce and the Well-being of Children: a
Meta-analysis. American Psychological Association.

Anderson, Patricia M., Butcher, Kristin F., Levine, Phillip B., 2003. Maternal
employment and overweight children. J. Health Econ. 22 (3), 477–504.

Angrist, Joshua D., Evans, William N., 1998. Children and their parents' labor supply:
evidence from exogenous variation in family size. Am. Econ. Rev. 88 (3), 450–
477.

Angrist, Joshua, Lavy, Victor, Schlosser, Analia, 2010. Multiple experiments for the
causal link between the quantity and quality of children. J. Labor Econ. 28 (4),
773–824.

Antelo, Manel, Magdalena, Pilar, Reboredo, Juan C., 2017. Obesity: a major problem
for Spanish minors. Econ. Hum. Biol. 24, 61–73.

Bauer, Katherine W., Hearst, Mary O., Escoto, Kamisha, Berge, Jerica M., Neumark-
Sztainer, Dianne, 2012. Parental employment and work-family stress:
associations with family food environments. Soc. Sci. Med. 75 (3), 496–504.

http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0005
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0005
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0005
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0010
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0010
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0015
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0015
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0020
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0020
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0020
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0025
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0025
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0025
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0030
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0030
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0035
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0035
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0035
http://www.nccp.org/topics/childpoverty.html;
http://www.nccp.org/topics/childpoverty.html;


54 K. Dasgupta, K.T. Solomon / Economics and Human Biology 29 (2018) 42–55
Baum, Charles L., Ruhm, Christopher J., 2009. Age, socioeconomic status and obesity
growth. J. Health Econ. 28 (3), 635–648.

Becker, S. Gary, Lewis, H. Gregg, 1973. On the interaction between the quantity and
quality of children. J. Polit. Econ. 81 (2, Part 2), S279–S288.

Becker, S. Gary, Tomes, Nigel, 1976. Child endowments and the quantity and quality
of children. J. Polit. Econ. 84 (4, Part 2), S143–S162.

Becker, S. Gary, 1960. An Economic Analysis of Fertility Demographic and Economic
Change in Developed Countries. Columbia University Press, pp. 209–240.

Black, S.E., Devereux, P.J., Salvanes, K.G., 2010. Small family, smart family? Family
size and the IQ scores of young men. J. Human Resour. 45 (1), 33–58.

Black, Sandra E., Devereux, Paul J., Salvanes, Kjell G., 2005. The more the merrier?
The effect of family size and birth order on children's education. Q. J. Econ. 120
(2), 669–700.

Blake, Judith, 1981. Family size and the quality of children. Demography 18 (4), 421–
442.

Bloss, Emily, Wainaina, Fidelis, Bailey, Robert C., 2004. Prevalence and predictors of
underweight, stunting, and wasting among children aged 5 and under in
western Kenya. J. Trop. Pediatr. 50 (5), 260–270.

Booth, Alison L., Kee, Hiau Joo, 2009. Birth order matters: the effect of family size
and birth order on educational attainment. J. Popul. Econ. 22 (2), 367–397.

Brown, Susan L., Manning, Wendy D., Stykes, J. Bart, 2015. Family structure and child
well-being: integrating family complexity. J. Marriage Fam. 77 (1), 177–190.

Brown Susan, L., 2004. Family structure and child well-being: the significance of
parental cohabitation. J. Marriage Fam. 66 (2), 351–367.

Buchmann, Claudia, Hannum, Emily, 2001. Education and stratification in
developing countries: a review of theories and research. Ann. Rev. Sociol. 27 (1),
77–102.

Buckles, Kasey S., Munnich, Elizabeth L., 2012. Birth spacing and sibling outcomes. J.
Hum. Resour. 47 (3), 613–642.

Cáceres-Delpiano, Julio, 2006. The impacts of family size on investment in child
quality. J. Hum. Resour. 41 (4), 738–754.

Cawley, John, Liu, Feng, 2012. Maternal employment and childhood obesity: a
search for mechanisms in time use data. Econ. Hum. Biol. 10 (4), 352–364.

Cawley, John, Acs, Z.J., Lyles, A., Stanton, K.R., 2007a. The economics of childhood
obesity policy. Obes. Bus. Pub. Policy 27–56.

Cawley, John, Meyerhoefer, Chad, Newhouse, David, 2007b. The impact of state
physical education requirements on youth physical activity and overweight.
Health Econ. 16 (12), 1287–1301.

Cawley, John, Moran, John, Simon, Kosali, 2010. The impact of income on the weight
of elderly Americans. Health Econ. 19 (8), 979–993.

Cawley, John, Frisvold, David, Meyerhoefer, Chad, 2013. The impact of physical
education on obesity among elementary school children. J. Health Econ. 32 (4),
743–755.

Cawley, John, Maclean, Johanna Catherine, Hammer, Mette, Wintfeld, Neil, 2015.
Reporting error in weight and its implications for bias in economic models.
Econ. Hum. Biol. 19, 27–44.

Cawley, John, 2010. The economics of childhood obesity. Health Aff. (Millwood) 29
(3), 364–371.

Clark, Heather R., Goyder, Elizabeth, Bissell, Paul, Blank, Lindsay, Peters, Jean, 2007.
How do parents’ child-feeding behaviours influence child weight? Implications
for childhood obesity policy. J. Public Health 29 (2), 132–141.

Conde-Agudelo, Agustin, Belizán, José M., Diaz-Rossello, Jose, 2012a. Cochrane
Review: kangaroo mother care to reduce morbidity and mortality in low
birthweight infants. Evid.-Based Child Health 7 (2), 760–876.

Conde-Agudelo, Agustín, Rosas-Bermudez, Anyeli, Castaño, Fabio, Norton, Maureen
H., 2012b. Effects of birth spacing on maternal, perinatal, infant, and child
health: a systematic review of causal mechanisms. Stud. Fam. Plann. 43 (2), 93–
114.

De Haan, Monique, 2010. Birth order, family size and educational attainment. Econ.
Educ. Rev. 29 (4), 576–588.

De Onis, Mercedes, Blössner, Monika, Borghi, Elaine, Frongillo, Edward A., Morris,
Richard, 2004. Estimates of global prevalence of childhood underweight in 1990
and 2015. JAMA 291 (21), 2600–2606.

De Onis, Mercedes, Blössner, Monika, Borghi, Elaine, 2010. Global prevalence and
trends of overweight and obesity among preschool children. Am. J. Clin. Nutr. 92
(5), 1257–1264.

Dewey, Kathryn G., Cohen, Roberta J., 2007. Does birth spacing affect maternal or
child nutritional status? A systematic literature review. Matern. Child Nutr. 3
(3), 151–173.

Dietz, H. William, 1998. Health consequences of obesity in youth: childhood
predictors of adult disease. Pediatrics 101 (Suppl. 2), 518–525.

Drewnowski, Adam, 2009. Obesity, diets, and social inequalities. Nutr. Rev. 67 (s1) .
Edwards, Linda N., Grossman, Michael,1979. Adolescent Health, Family Background,

and Preventive Medical Care. National Bureau of Economic Research Cambridge,
Mass, USA.

Fryar, D. Cheryl, Ogden, L. Cynthia, 2014. Prevalence of Underweight Among
Children and Adolescents Aged 2–19 Years: United States, 1963–1965 Through
2007–2010. . (2012) http://www.cdc.gov/nchs/data/hestat/
underweight_child_07_10/underweight_child_07_10. pdf.

Gunnell, David, Berney, Lee, Holland, Paula, Maynard, Maria, Blane, David, Frankel,
Stephen, Smith, G. Davey, 2000. How accurately are height, weight and leg
length reported by the elderly, and how closely are they related to
measurements recorded in childhood? Int. J. Epidemiol. 29 (3), 456–464.

Hallal, Pedro C., Wells, Jonathan C.K., Reichert, Felipe F., Anselmi, Luciana, Victora,
Cesar G., 2006. Early determinants of physical activity in adolescence:
prospective birth cohort study. BMJ 332 (7548), 1002–1007.
Hanushek, Eric A., 1992. The trade-off between child quantity and quality. J. Polit.
Econ. 100 (1), 84–117.

Hesketh, Therese, Qu, J.D., Tomkins, A., 2003. Health effects of family size: cross
sectional survey in Chinese adolescents. Arch. Dis. Child. 88 (6), 467–471.

Hohepa, Maea, Scragg, Robert, Schofield, Grant, Kolt, Gregory S., Schaaf, David, 2007.
Social support for youth physical activity: importance of siblings, parents,
friends and school support across a segmented school day. Int. J. Behav. Nutr.
Phys. Activity 4 (1), 54.

Hossain, Shaikh I., 1989. Effect of public programs on family size, child education
and health. J. Dev. Econ. 30 (1), 145–158.

Huttly, Sharon R.A., Victora, Cesar G., Barros, Fernando C., Vaughan, J. Patrick, 1992.
Birth spacing and child health in urban Brazilian children. Pediatrics 89 (6),
1049–1054.

Janssen, Ian, Katzmarzyk, Peter T., Boyce, William F., Vereecken, Carine, Mulvihill,
Caroline, Roberts, Chris, Currie, Candace, Pickett, William, 2005. Comparison of
overweight and obesity prevalence in school-aged youth from 34 countries and
their relationships with physical activity and dietary patterns. Obes. Rev. 6 (2),
123–132.

Jensen, Eric R., Ahlburg, Dennis A., 2002. Family size, unwantedness, and child
health and health care utilisation in Indonesia. Bull. Indonesian Econ. Stud. 38
(1), 43–59.

Juhn, C., Rubinstein, Y., Zuppann, C.A., 2015. The Quantity-quality Trade-off and the
Formation of Cognitive and Non-cognitive Skills (No. w21824). National Bureau
of Economic Research.

Kruger, R., Kruger, H.S., Macintyre, U.E., 2006. The determinants of overweight and
obesity among 10-to 15-year-old schoolchildren in the north west province,
south Africa–the THUSA BANA (Transition and health during urbanisation of
south africans; BANA, children) study. Public Health Nutr. 9 (3), 351–358.

Kuczmarski, J. Robert, Ogden, L. Cynthia, Guo, S. Shumei, Grummer-Strawn, M.
Laurence, Flegal, M. Katherine, Mei, Z., Wei, R., Curtin, R. Lester, Roche, F. Alex,
Johnson, L. Clifford, 2000. CDC Growth Charts for the United States: methods
and development. Vital Health Stat. Series 11, Data from the national health
survey.

Lee, Jungmin, 2008. Sibling size and investment in children’s education: an Asian
instrument. J. Popul. Econ. 21 (4), 855–875.

Leonard, J., Heimbach, J.K., Malinchoc, M., Watt, K., Charlton, M., 2008. The impact of
obesity on long-term outcomes in liver transplant recipients – results of the
NIDDK liver transplant database. Am. J. Transplant. 8 (3), 667–672.

Li, Hongbin, Zhang, Junsen, Zhu, Yi, 2008. The quantity-quality trade-off of children
in a developing country: identification using Chinese twins. Demography 45 (1),
223–243.

Gretchen, Livingston, 2014. Less than Half of US Kids Today Live in a ‘traditional’
Family. Pew Research Center. Retrieved August 26, 2017 from www.
pewresearch.org.

Lobstein, Tim, Baur, Louise, Uauy, Ricardo, 2004. Obesity in children and young
people: a crisis in public health. Obes. Rev. 5 (s1), 4–85.

Lundborg, P., Ralsmark, H., Rooth, D.O., 2015. The More the Healthier? Health and
Family Size. Mimeo, Lund University.

Maralani, Vida, 2008. The changing relationship between family size and
educational attainment over the course of socioeconomic development:
evidence from Indonesia. Demography 45 (3), 693–717.

Millimet, L. Daniel, Wang, Le, 2011. Is the quantity-quality trade-off a trade-off for
all, none, or some? Econ. Dev. Cult. Change 60 (1), 155–195.

Murasko, Jason E., 2009. Socioeconomic status, height, and obesity in children. Econ.
Hum. Biol. 7 (3), 376–386.

Must, Aviva, Jacques, Paul F., Dallal, Gerard E., Bajema, Carl J., Dietz, William H., 1992.
Long-term morbidity and mortality of overweight adolescents: a follow-up of
the Harvard Growth Study of 1922–1935. New Engl. J. Med. 327 (19), 1350–1355.

Ogden, Cynthia L., Carroll, Margaret D., Lawman, Hannah G., Fryar, Cheryl D.,
Kruszon-Moran, Deanna, Kit, Brian K., Flegal, Katherine M., 2016. Trends in
obesity prevalence among children and adolescents in the United States, 1988–
1994 through 2013–2014. JAMA 315 (21), 2292–2299.

Peters, Christina, Rees, Daniel I., Hernández-Julián, Rey, 2014. The trade-off between
family size and child health in rural Bangladesh. Eastern Econ. J. 40 (1), 71–95.

Ponczek, Vladimir, Souza, Andre Portela, 2012. New evidence of the causal effect of
family size on child quality in a developing country. J. Hum. Resour. 47 (1), 64–
106.

Ponsonby, Anne-Louise, Couper, David, Dwyer, Terence, Carmichael, Allan, Kemp,
Andrew, 1999. Relationship between early life respiratory illness, family size
over time, and the development of asthma and hay fever: a seven year follow up
study. Thorax 54 (8), 664–669.

Power, Chris, Lake Jeffrey, K., Cole Tim, J., 1997. Measurement and long-term health
risks of child and adolescent fatness. Int. J. Obes. Relat. Metab. Disord. 21 (7) .

Price, Joseph, 2008. Parent-child quality time does birth order matter? J. Hum.
Resour. 43 (1), 240–265.

Reilly, John J., Kelly, Joanna, 2011. Long-term impact of overweight and obesity in
childhood and adolescence on morbidity and premature mortality in
adulthood: systematic review. Int. J. Obes. 35 (7), 891.

Rona, Roberto J., Duran-Tauleria, Enric, Chinn, Susan, 1997. Family size, atopic
disorders in parents, asthma in children, and ethnicity. J. Allergy Clin. Immunol.
99 (4), 454–460.

Rosenzweig, Mark R., Wolpin, Kenneth I., 1980. Testing the quantity-quality fertility
model: the use of twins as a natural experiment. Econ.: J. Econ. Soc. 227–240.

Rosenzweig, M.R., Wolpin, K.I., 1986. Evaluating the effects of optimally distributed
public programs: child health and family planning interventions. Am. Econ. Rev.
76 (3), 470–482.

http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0040
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0040
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0045
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0045
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0050
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0050
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0055
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0055
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0060
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0060
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0065
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0065
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0065
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0070
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0070
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0075
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0075
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0075
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0080
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0080
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0085
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0085
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0090
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0090
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0095
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0095
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0095
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0100
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0100
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0105
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0105
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0110
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0110
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0115
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0115
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0120
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0120
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0120
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0125
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0125
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0130
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0130
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0130
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0135
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0135
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0135
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0140
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0140
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0145
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0145
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0145
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0150
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0150
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0150
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0155
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0155
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0155
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0155
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0160
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0160
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0165
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0165
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0165
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0170
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0170
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0170
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0175
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0175
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0175
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0180
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0180
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0185
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0190
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0190
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0190
http://www.cdc.gov/nchs/data/hestat/underweight_child_07_10/underweight_child_07_10.%20pdf
http://www.cdc.gov/nchs/data/hestat/underweight_child_07_10/underweight_child_07_10.%20pdf
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0200
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0200
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0200
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0200
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0205
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0205
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0205
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0210
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0210
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0215
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0215
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0220
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0220
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0220
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0220
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0225
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0225
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0230
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0230
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0230
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0235
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0235
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0235
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0235
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0235
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0240
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0240
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0240
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0245
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0245
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0245
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0250
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0250
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0250
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0250
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0255
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0255
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0255
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0255
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0255
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0260
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0260
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0265
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0265
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0265
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0270
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0270
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0270
http://www.pewresearch.org
http://www.pewresearch.org
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0280
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0280
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0285
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0285
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0290
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0290
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0290
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0295
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0295
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0300
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0300
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0305
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0305
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0305
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0310
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0310
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0310
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0310
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0315
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0315
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0320
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0320
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0320
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0325
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0325
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0325
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0325
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0330
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0330
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0335
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0335
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0340
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0340
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0340
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0345
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0345
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0345
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0350
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0350
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0355
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0355
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0355


K. Dasgupta, K.T. Solomon / Economics and Human Biology 29 (2018) 42–55 55
Rosenzweig, Mark R., Zhang, Junsen, 2009. Do population control policies induce
more human capital investment? Twins, birth weight and China’s ‘one-child’
policy. Rev. Econ. Stud. 76 (3), 1149–1174.

Sargan, John D., 1958. The estimation of economic relationships using instrumental
variables. Econ.: J. Econ. Soc. 393–415.

Smoyer-Tomic, Karen E., Spence, John C., Raine, Kim D., Amrhein, Carl, Cameron,
Nairne, Yasenovskiy, Vladimir, Cutumisu, Nicoleta, Hemphill, Eric, Healy, Julia,
2008. The association between neighborhood socioeconomic status and
exposure to supermarkets and fast food outlets. Health Place 14 (4), 740–754.

Strachan, David P., 1989. Hay fever, hygiene, and household size. BMJ: Br. Med. J. 299
(6710), 1259.

Strachan, D.P., 1997. Allergy and family size: a riddle worth solving. Clin. Exp. Allergy
27 (3), 235–236.

Sudha, Shreeniwas, 1997. Family size, sex composition and children’s education:
ethnic differentials over development in Peninsular Malaysia. Popul. Stud. 51
(2), 139–151.

Victora, Cesar G., Adair, Linda, Fall, Caroline, Hallal, Pedro C., Martorell, Reynaldo,
Richter, Linda, Sachdev, Harshpal Singh, Maternal, & Group, Child
Undernutrition Study, 2008. Maternal and child undernutrition: consequences
for adult health and human capital. Lancet 371 (9609), 340–357.

Walker, Susan P., Grantham-McGregor, Sally M., Powell, Christine A., Chang, Susan
M., 2000. Effects of growth restriction in early childhood on growth, IQ, and
cognition at age 11–12 years and the benefits of nutritional supplementation
and psychosocial stimulation. J. Pediatr. 137 (1), 36–41.

Walsh, Brendan, Cullinan, John, 2015. Decomposing socioeconomic inequalities in
childhood obesity: evidence from Ireland. Econ. Hum. Biol. 16, 60–72.

Wang, Youfa, Lim, Hyunjung, 2012. The global childhood obesity epidemic and the
association between socio-economic status and childhood obesity. Int. Rev.
Psychiatry 24 (3), 176–188.

Wang, Youfa, Lobstein, Tim, 2006. Worldwide trends in childhood overweight and
obesity. Pediatr. Obes. 1 (1), 11–25.

Wang, Xiaobin, Zuckerman, Barry, Pearson, Colleen, Kaufman, Gary, Chen,
Changzhong, Wang, Guoying, Niu, Tianhua, Wise, Paul H., Bauchner, Howard,
Xu, Xiping, 2002a. Maternal cigarette smoking, metabolic gene polymorphism,
and infant birth weight. JAMA 287 (2), 195–202.

Wang, Youfa, Monteiro, Carlos, Popkin, Barry M., 2002b. Trends of obesity and
underweight in older children and adolescents in the United States, Brazil,
China, and Russia. Am. J. Clin. Nutr. 75 (6), 971–977.

Willis, J. Robert, 1973. A new approach to the economic theory of fertility behavior. J.
Polit. Econ. 81 (2, Part 2), S14–S64.

Zajonc, Robert B., 1976. Family configuration and intelligence. Science 192 (4236),
227–236.

Zhong, Hai, 2017. The effect of sibling size on children’s health and education: is
there a quantity-quality trade-off? J. Dev. Stud. 53 (8), 1194–1206.

http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0360
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0360
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0360
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0365
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0365
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0370
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0370
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0370
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0370
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0375
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0375
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0380
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0380
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0385
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0385
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0385
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0390
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0390
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0390
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0390
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0395
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0395
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0395
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0395
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0400
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0400
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0405
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0405
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0405
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0410
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0410
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0415
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0415
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0415
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0415
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0420
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0420
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0420
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0425
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0425
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0430
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0430
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0435
http://refhub.elsevier.com/S1570-677X(17)30107-7/sbref0435

	Family size effects on childhood obesity: Evidence on the quantity-quality trade-off using the NLSY
	1 Introduction
	2 Literature review
	2.1 Child quantity and health quality trade-off – a theoretical framework
	2.2 Role of family in childhood obesity
	2.3 Existing evidence on child health outcomes of increase in family size
	2.4 Exogenous variation in family size

	3 Data: the NLSY sample
	4 Empirical strategy
	4.1 Cross-sectional analysis using instrumental variables
	4.2 Longitudinal regression analysis

	5 Results
	5.1 IV regression analysis
	5.2 Additional robustness analysis
	5.3 Health effects of arrival of younger siblings using fixed effects regressions
	5.4 Event study – test for endogenous changes in family size

	6 Conclusions
	Acknowledgements
	References


