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Health outcomes of only children across the life course:
An investigation using Swedish register data
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Only children (with no full biological siblings) are a growing subgroup in many high-income settings.

Previous studies have largely focused on the short-term developmental outcomes of only children, but

there is limited evidence on their health outcomes. Using Swedish population register data for cohorts

born 1940–75, we compare the health of only children with that of children from multi-child sibling

groups, taking into account birth order, family size, and presence of half-siblings. Only children showed

lower height and fitness scores, were more likely to be overweight/obese in late adolescence, and

experienced higher later-life mortality than those with one or two siblings. However, only children

without half-siblings were consistently healthier than those with half-siblings, suggesting that parental

disruption confers additional disadvantages. The health disadvantage was attenuated but not fully

explained by adjustment for parental characteristics and after using within-family maternal cousin

comparison designs.

Supplementary material for this article is available at: http://dx.doi.org/10.1080/00324728.2021.2020886
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Introduction

The consequences of sibship constellations for health
across the life course are significant, and previous
research has demonstrated that later-born children
(i.e. those of higher birth order) and those with
more siblings experience poorer health compared
with other types of children (Barclay and Kolk
2015; Baranowska-Rataj et al. 2017). However, the
health outcomes of only children (i.e. those with no
biological siblings) have so far been underexplored.
While scholars have long been interested in how
only children may be different to those with siblings,
the majority of the literature has focused on short-
term developmental and cognitive outcomes in
early life or adolescence (Blake 1981; Falbo and
Polit 1986; Mancillas 2006; Falbo 2012), rather than
on health. The question of health deserves further
attention, given that only children constitute a sub-
stantial subgroup of all sibship groups in high-
income, low-fertility settings (Frejka et al. 2008;

Präg et al. 2020). Increasing levels of childbearing
postponement, occurring as part of the Second
Demographic Transition (Lesthaeghe 2010), mean
that this share might be expected to increase in
future. Alongside this, the growing prevalence of
multi-partner fertility has increased the proportion
of (biologically) only children with half-siblings
(Thomson 2014). Therefore, any investigation of
only children should distinguish between only chil-
dren with and without half-siblings.
This study uses Swedish population register data

to investigate the health outcomes of only children
relative to children in other types of sibling groups
at various stages of the life course, from late adoles-
cence (ages 17–20) to age 50 and over. We consider a
range of anthropometric outcomes measured in late
adolescence (height, weight, and physical fitness)
and also adult mortality, both of which have shown
strong associations with birth order and family size
in other studies (Myrskylä et al. 2013; Barclay and
Myrskylä 2014; Barclay and Kolk 2015;
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Baranowska-Rataj et al. 2017). Wemake two particu-
larly innovative contributions to the literature. First,
throughout the analyses, we compare only children
with children from other sibship types, taking into
account birth order, family size, and presence of
half-siblings in order to account for family complexity
and how this might result in different health outcomes
between only children and children raised in other
types of sibling groups. Second, we pay particular
attention to the role of parental selectivity, which
may play an important role in explaining the health
outcomes of only children (Blake 1981; Mancillas
2006; Falbo 2012). It is likely that where one-child
families are non-normative, as in the case of Sweden,
their parents may be selected to a greater extent on
a number of social and health factors, which may
help to explain any differences in health outcomes
for only children compared with those with full and
half-siblings (Blake 1981). To account for the role of
selection, we adjust for parental socio-demographic
and socio-economic characteristics, and for the first
time in the literature on only children, we use
within-family maternal cousin comparison designs to
adjust for all time-invariant factors that remain con-
stant within the extended family.

Background

The demographic context of only children

Across high-income countries, the proportion of
women having one child diverged over the twentieth
century, increasing in some countries of Southern,
Eastern, and Central Europe and remaining

relatively low and stable in Nordic countries, such
as Sweden (Präg et al. 2020). The majority of
Swedish children born 1940–75 (our study cohorts)
had one or two full biological siblings (Figure 1)
and being an only child was a minority experience.
Among those born before 1945, the proportion of
children from one-child sibling groups was 19 per
cent; this subsequently declined to a low of 14 per
cent in the 1960 cohort, followed by a slight increase
up to the 1975 cohort, before settling at around 14–
15 per cent for children born 1980–95.
Selectivity is a key potential explanation for differ-

ences in health outcomes between only children and
children with siblings. Generally, cross-national data
show that parents of small families (one or two chil-
dren) have more years of education compared with
parents of larger families (Choi et al. 2020), which
corroborates findings from the United States (US)
(Blake 1989), the Netherlands (Bras et al. 2010),
and the UK (de La Rochebrochard and Joshi 2013).
However, a recent study addressing only children’s
educational outcomes suggested that in contexts
where only children are rarer (such as Sweden),
they are more likely to be negatively socio-economi-
cally selected (Choi and Monden 2017).
Parents of only children likely include a subset

whose fertility desires were interrupted due to part-
nership disruption or health reasons, which might
also negatively influence child outcomes. Only chil-
dren are more likely to live in one-parent house-
holds, both in the US (Falbo and Polit 1986; Datar
2017) and the UK (Sheppard and Monden 2020).
In Sweden only children are more likely to be
the offspring of divorced or separated parents
(Andersson 1997), a situation which is itself

Figure 1 Percentage of children by biological sibling group size in the family of origin: men and women born in
Sweden, 1940–95
Note: Figures based on birth records of children with a shared biological mother and father.
Source: Authors’ calculations from Swedish population register data.
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associated with a range of negative offspring social
and health outcomes (Amato and Keith 1991; McLa-
nahan et al. 2013; Turunen 2014; Goisis et al. 2019).
Separation and divorce rates in Sweden are rela-
tively high, as is the repartnering rate, and this con-
tributes to increases in the proportion of children
with half-siblings (Thomson 2014; Thomson et al.
2020). Among the 1940 cohort, just 8 per cent of chil-
dren had half-siblings, but this increased to nearly 27
per cent in the 1975 cohort. Therefore, a growing
share of children who are the only child of their
mother–father pairing also have half-siblings. On
one hand, they could (conditional on shared resi-
dence) experience some of the (possibly) positive
effects of having siblings. On the other hand, par-
ental separation and family disruption, which are
associated with worse outcomes, could offset the
positive effects. Indeed, in the Swedish context, chil-
dren with half-siblings experience poorer edu-
cational outcomes (Turunen 2014). This underlines
how only children are an increasingly heterogeneous
group, something which has not usually been
accounted for in previous studies but which we are
able to explore, given the richness of our study data.
Another plausible selection factor affecting both

parity progression and child outcomes is poorer par-
ental health. There is evidence from Sweden,
Norway, and Finland that mortality rates are higher
among parents of only one child than among those
of parity two or three (Grundy and Kravdal 2007;
Barclay, Keenan, et al. 2016; Einiö et al. 2016). The
pattern is likely explained by a combination of bioso-
cial behaviours/influences and partnership patterns.
The relationship between poor health and lower ferti-
lity is also well established, and this may operate
through social mechanisms (e.g. partnership patterns)
or biological mechanisms (e.g. reduced fecundity).
For example, physiological health factors, such as
obesity (Ramlau-Hansen et al. 2007; Barclay and
Kolk 2020) and smoking (Homan et al. 2007), are
associated with subfecundity in men and women.

Health outcomes of only children: Theory and
empirical research

Academic interest in only children dates back over a
century. Early studies tended to stigmatize only chil-
dren. For example, the influential psychologist
G. Stanley Hall is famously quoted as saying that
‘being an only child is a disease in itself’ (cited in
Fenton [1928]), and his contemporary Alfred Adler
considered only children spoilt and negatively
socially selected, with neurotic, mentally unstable

parents (Adler 1930). Most of the only child research
over the last 50 years has been concerned with short-
term intellectual, psychological, or social develop-
ment outcomes, rather than medium- or long-term
health. Overall, this body of research has repudiated
the negative stereotype of only children. Several
reviews and meta-analyses have suggested that
only children do not have intellectual or develop-
mental disadvantages in early life; indeed, in some
domains they seem to do better than children with
siblings (Falbo and Polit 1986; Polit and Falbo 1987;
Falbo 2012). An educational and social advantage
for only children has also been found in studies
from China, where the one-child policy may be con-
sidered an exogenous shock on family size (Poston
and Falbo 1990; Chen and Goldsmith 1991; Falbo
and Poston 1993; Falbo 2012). We do not review
the non-health literature in detail here (others have
done this comprehensively, e.g. Mancillas [2006]);
instead we focus on possible mechanisms for health
outcomes, bringing in relevant theories and studies
where necessary.

Sibship size, only children, and health outcomes.
A collection of recent studies using within-family
comparisons have demonstrated substantial differ-
ences in life course health outcomes by family size
and birth order (Barclay and Myrskylä 2014;
Barclay and Kolk 2015; Öberg 2015; Barclay, Myrs-
kylä, et al. 2016; Black et al. 2016; Baranowska-
Rataj et al. 2017). The relationship between health
and birth order is mixed: on one hand, there is con-
sistent evidence that firstborn or earlier-born chil-
dren (i.e. those of lower birth order) are taller,
physically fitter and experience lower mortality
(Myrskylä et al. 2013; Barclay and Myrskylä 2014;
Öberg 2015; Black et al. 2016; Stradford et al.
2017), but on the other hand they are more likely
to be obese and to have high blood pressure (Jelen-
kovic et al. 2013; Derraik et al. 2015; Black et al.
2016). Within-family designs have become a
popular way of attempting to control potential con-
founding effects of parental selection when investi-
gating child outcomes, but one weakness is that the
design, by necessity, excludes only children. There-
fore, empirical research on only children’s health
outcomes is sparse and under-theorized.

The resource dilution hypothesis has been posited
as an important theory explaining the health and
developmental advantages accruing to earlier-born
children (Blake 1981; Downey 1995, 2001), and it
may help to explain only child outcomes too. This
theory suggests that as earlier-born children spend

Health outcomes of only children in Sweden 3



a period of their lives with the exclusive attention
and resources of their parents, they reap a develop-
mental advantage relative to their younger siblings,
who always share resources with other siblings. Simi-
larly, economic theories that describe the ‘trade-off’
between child quality and quantity also suggest that
earlier-born children or those with no siblings
benefit from the undivided economic and time
resources of their parents (Becker and Lewis
1973). Perspectives from evolutionary demography
highlight the possibility of strategic fertility limit-
ation to accrue health and economic advantages
and transmit these intergenerationally (Lawson and
Mace 2011). The educational and intellectual advan-
tages observed in childhood among only children
relative to children with siblings or later-born chil-
dren (Gee 1992; Falbo 2012; Barclay 2014; Black
et al. 2016) may mediate short- and long-term
health advantages. An alternative explanation (dis-
cussed earlier) is that larger families are negatively
socially selected, and this contributes to poorer out-
comes through a combination of genetic and
environmental influences, although it should be
noted that the sibship–health associations usually
persist when using within-family comparisons
(Barclay and Myrskylä 2014; Barclay 2015; Barclay
and Kolk 2015; Black et al. 2016). In the case of
only children’s health, it is unclear how much nega-
tive selection offsets the benefits of exclusive par-
ental attention and resources.

Height and sibship size. Height is an important
predictor of future health and mortality (Engeland
et al. 2003; Stulp and Barrett 2016) and is itself a
result of a combination of genetic and environmental
influences. Negative associations between family size
and height have been reported in various historical
populations, including in Swedish cohorts born
between the 1820s and 1960s (Cernerud 1993;
Öberg 2015), in Dutch conscripts born 1944–47
(Stradford et al. 2017), and in UK cohorts born in
the 1890s (Bailey et al. 2016) and 1930s (Hatton
and Martin 2009). A complementary investigation
into birth order effects using cohorts of Swedish
men born between the 1950s and 1980s (Myrskylä
et al. 2013) found that earlier-born children were
on average taller but that the association had
weakened over time, a finding also reported by
Öberg (2015) and attributed to secular improve-
ments in nutrition and healthcare. It seems plausible
for historical populations that resource dilution may
also help to explain sibling–height associations
(Öberg 2015, 2017; Riswick and Engelen 2018),

because competition and scarcities within families
can affect nutrition and access to healthcare, contri-
buting to reduced growth and development.

The evidence on only children’s height is rather
thin. In cohorts born in southern Sweden in 1821–
1950, (Öberg 2015, p. 44) reported that ‘men who
were the only children in the family were consider-
ably shorter than others in all periods’. A study of
Dutch conscripts born in the 1940s reported
shorter heights for only children (Stradford et al.
2017). Resource dilution does not contribute to
explaining only children’s apparently shorter
stature and is a less relevant explanation for contem-
porary, high-income populations (Stulp and Barrett
2016). How is parental height related to fertility,
and could heritability help to explain these patterns?
The evidence on height and fertility from developed
countries suggests that the relationship is curvilinear:
that fertility is lowest among both very short and
very tall people (Stulp and Barrett 2016). A recent
analysis of Swedish men confirmed this, showing
that shorter men had fewer children (Barclay and
Kolk 2020). Analysis of parity progression stratified
by marital status indicated that this was related not
to lower fecundity but to the higher propensity of
shorter and taller men to remain unmarried, which
for shorter men is possibly linked to lower desirabil-
ity as a mate (Barclay and Kolk 2020). This suggests
that only children’s lower height could be explained
by lower paternal height affecting fertility or part-
nership patterns. The relationship between height
and fertility is more mixed for females, varying by
context (Sear 2006). Given that there is very
limited evidence on only children’s height from con-
temporary cohorts, it is unclear whether they will
approximate the pattern of firstborns and those in
smaller families and be of taller stature (supporting
the resource dilution hypothesis) or will be shorter
than those with siblings, due to either genetic traits
(e.g. having shorter parents with lower fertility) or
possible negative environmental factors (e.g.
resource scarcity related to parental disruption)
that may impair growth.

Body weight and sibship size. There is substantial
evidence that only children are more likely to be
overweight/obese, and more so than firstborns
(Meller et al. 2018; Park and Cormier 2018). Selec-
tivity may play a less important role for obesity
than for the other outcomes in our study, because
evidence comes from diverse settings where only
children might be differentially selected. Such set-
tings include: low-fertility contexts, such as Japan
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(Wang et al. 2007); regions where two- or three-child
families are normative, such as the US (Mosli et al.
2016; Datar 2017) and Northern Europe (Haugaard
et al. 2013; Jelenkovic et al. 2013); and also China,
where the one-child policy likely reduced the social
selectivity of only children (Cheng 2013; Li et al.
2017; Min et al. 2017). Evidence from sibling com-
parisons also reveals that firstborns are more likely
to be overweight than later-born siblings (Jelenkovic
et al. 2013). Like firstborns, only children tend to be
smaller at birth than later-born children, and this can
result in catch-up patterns of growth, which are
related to obesity and some indicators of cardiovas-
cular disease (Ong et al. 2000; Monteiro and
Victora 2005; Wells et al. 2011).

Child health behaviours may also contribute to
the association. Studies have reported that parents
of only children are more attendant to their chil-
dren’s feeding compared with other parents (Mosli
et al. 2015), and only children are more likely to
exhibit ‘obesogenic’ behaviours, such as lower phys-
ical activity and more screen time (Bagley et al. 2006;
Hallal et al. 2006; Sisson et al. 2014), than those with
siblings. Overweight is also associated with lower fer-
tility and subfecundity (Ramlau-Hansen et al. 2007;
Frisco and Weden 2013; Barclay and Kolk 2020), so
it is plausible that parental genetic factors and/or
poor health behaviours contribute to these patterns.
There is limited evidence on whether these only
child disparities in body mass index (BMI) persist
beyond childhood.

Physical fitness and sibship size. Physical fitness
reflects cardio-respiratory health and muscular
strength, and differences in physical fitness are
likely driven by similar mechanisms to those affect-
ing height, for example resource dilution. The evi-
dence on physical fitness and sibship size is sparse
but suggests similar negative associations as for
height (i.e. that earlier-born children are fitter;
Barclay and Myrskylä 2014). However, that study
did not explore only children’s fitness and, as only
children are more likely to be obese, physical
fitness may follow the same pattern as weight. To
our knowledge the only study to explore only chil-
dren’s fitness was from Portugal (where only chil-
dren are relatively common), and it found that only
children aged 5–17 years performed worse on a
battery of tests measuring cardiovascular andmuscu-
lar abilities (Rodrigues et al. 2020) than those with
siblings. Lower levels of physical fitness are also
associated with lower fertility (Barclay and Kolk
2020), suggesting potential transmission of lower

fitness in only-child families, either through genetic
mechanisms or factors such as health behaviours.

Mortality and sibship size. Findings from a recent
Swedish study suggested that only children born
from 1930 to 1960 experienced higher mortality
rates than children with siblings, even after socio-
economic factors were accounted for (Baranowska-
Rataj et al. 2017). As with height and fitness out-
comes, this contradicts the consistently observed
positive relationship between birth order and mor-
tality (Barclay and Kolk 2015). We might speculate
that the patterns we discussed earlier of shorter
stature, lower physical fitness, and higher weight in
childhood and adolescence will cumulate to result
in premature mortality for only children. However,
given that there is sparse evidence on the adult
health of only children, it is not certain that the
health disadvantages observed in childhood persist
through life. Mortality patterns could also be
mediated by poorer non-health life course outcomes.
Only children are more likely to divorce or separate
(Gee 1992; Diekmann and Engelhardt 1999; Dron-
kers and Härkönen 2008; Bobbitt-Zeher et al.
2016) and, if they have half-siblings, to experience
multi-partner fertility (Lappegård and Thomson
2018). Only children are also more likely to be child-
less or have one child themselves (Kolk 2014), which
in the Swedish context is associated with higher mor-
tality (Barclay, Keenan, et al. 2016).

To summarize this subsection, the evidence on the
health of only children is sparse and comes from a
range of differing contexts and cohorts, where only
children might be more or less selected. However,
the literature generally suggests health disadvan-
tages for only children relative to those with siblings,
with the strongest evidence for body weight. Given
the strong two-child norm in Sweden, only children
are a minority group, hence we might expect them
to be negatively socially selected on parents’ health
and social characteristics and more likely to come
from disrupted families. In this respect, it is vital to
disaggregate only children with and without half-sib-
lings in order to disentangle the role of family struc-
ture from other mechanisms.

Data and methods

Data

In this study we use Swedish population register data
to examine how sibling group size, in particular only
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child status, in the family of origin is related to health
in early adulthood and mortality in later life. Each
individual in Sweden is given a unique personal
identification number (PIN) that is universally used
for administrative purposes. In this study, we rely
on the Swedish multi-generation register, which
allows us to link individuals to their parents and sib-
lings. We examine the subset of sibling groups where
all the children were born in Sweden to maximize the
accuracy of the parent–child sibling linkages. In our
analysis we also distinguish between children who
were raised in blended families and those who
were not. Consequently, we exclude any children
who are missing information on either the maternal
or paternal linkage, but this is less than 1 per cent
of children in the birth cohorts that we study. We
also exclude children in sibling groups with multiple
births, such as twins, as birth order is an important
component of our analysis and multiple births
confuse the assignment of birth order.
We examine the relationship between sibling group

size and four outcome variables: height, physical
fitness, being overweight/obese, and mortality. Apart
from mortality, information on all outcome variables
is drawn from the Swedish military conscription regis-
ter. In Sweden, men in the cohorts for whom we have
data were universally required to report for military
conscription tests between ages 17 and 20 to deter-
mine their physical and psychological suitability for
military service. We use data on height, physical
fitness, and BMI for cohorts born in 1965–75. Since
only men were required to report for conscription
tests in Sweden, data on these measures are not avail-
able for women. However, the measures of sibling
group size and other characteristics of the sibling
group are based on the whole sibling group, including
brothers and sisters.

The other main register that we use is the Swedish
cause of death register (mortality register), which
contains detailed information on all deaths in
Sweden between 1960 and 2017. In our mortality
analyses we include both men and women. Although
our access to the Swedish mortality register includes
data for the period 1960–2017, the multi-generational
registers that allow family members to be linked
to one another are incomplete before the 1990s
(Statistika Centralbyrån 2017). For this reason, we
start our analysis of all-cause mortality at age 50. To
be included in our analytical sample individuals
must have survived to age 50.We also exclude individ-
uals who have ever emigrated from Sweden before
age 50. Table 1 details how we reach our final analyti-
cal samples for the conscription data analysis
(n = 532,659 and n = 182,870 for the two sets of
models) and the mortality analysis (n = 1,910,086).

Sibling group size, birth order, and blended
families

The key explanatory variable in our study is sibling
group size. Although we focus on only children, we
compare only children with children raised in
sibling groups of two, three, or four or more children,
rather than assuming that multi-child sibling groups
are homogenous. We also explicitly model birth
order as part of our sibling group size variable, to
test whether only children’s outcomes are similar
to those of firstborn children in multi-child sibling
groups, given that both groups spend a period of
time in early childhood with the exclusive attention
of their parents. Furthermore, since later-born chil-
dren generally do worse than firstborns, later-born
siblings lower the average achievement in multi-

Table 1 Sample exclusion process for this study

N included N excluded at each stage

Analysis of male health outcomes at ages 17–20
Total men born in Sweden 1965–75 634,403 –

ID for both parents 626,970 7,433
No multiple births 611,610 15,360
No missing values on conscription variables 532,659 78,951
Not missing grandmother ID and has at least one male maternal cousin 182,870 349,789
Analysis of mortality after age 50
Total men and women born in Sweden 1940–60 2,305,911 –

ID for both parents 2,146,263 159,648
No multiple births 2,074,826 71,437
Did not emigrate or die before age 50 1,939,202 135,624
No missing values on key covariates 1,910,086 29,116

Source: Authors’ calculations from Swedish population register (analysis of male health outcomes) and mortality register data (analysis of
mortality).

6 Katherine Keenan et al.



child sibling groups. This means that a detailed con-
sideration of the interplay of family size and birth
order is essential for comparing the outcomes of
only children with those of children in larger
families. Our key explanatory variable contains the
following nine categories:

. Only child

. Firstborn in a two-child sibling group

. Second-born child in a two-child sibling group

. Firstborn in a three-child sibling group

. Second-born child in a three-child sibling group

. Third-born child in a three-child sibling group

. Firstborn in a sibling group with four or more
children

. Middle-born child in a sibling group with four or
more children

. Last-born child in a sibling group with four or
more children

An individual designated as an only child is the
only biological child of both the mother and the
father. To take account of complex families, our
main analyses always feature an interaction
between our nine-category variable on birth order
and family size with a binary variable for whether
or not the index person has any half-siblings on
either the maternal or paternal side. Hence, our ana-
lyses include 18 categories, reflecting the interaction
between sibship size, birth order, and presence of
any half-siblings. We distinguish between two cat-
egories of only children in our analyses: ‘non-
blended’ only children (children who are the only
child of their unique mother–father pairing and
have no half-siblings) and ‘blended’ only children
(children who are the only child of their unique
mother–father pairing but have half-siblings from
either the maternal side, the paternal side, or both).

Outcome variables

Height (men). Height, measured in centimetres, is
standardized (using z-scores) for our analyses.

Physical fitness (men). Our measure for physical
fitness is based on a measure of maximal working
capacity, measured in watts. Maximal working
capacity (MWC)—measured as the maximum resist-
ance attained in watts when riding on a stationary
bike for 5–10 minutes (one of the most effective
ways of measuring aerobic fitness)—is closely
related to maximal oxygen uptake (V02 max), also

known as maximal aerobic capacity. The correlation
between these two variables has been reported to be
approximately 0.9 (Patton et al. 1982). The MWC
variable is an important predictor of mortality in
adulthood among men (Sandvik et al. 1993).
Because a measure of MWC in watts is not intui-
tively easy to interpret, we standardize this
outcome measure using z-scores.

BMI (men). We calculate BMI as mass (in kilo-
grams) divided by the square of height (in metres)
at the time of the military conscription test. Using
the standard cut-off points, we focus on whether
our index persons were overweight/obese at the
time of the test, indicated by whether they had a
BMI of 25 or greater.

Mortality (men and women). We study mortality
in the period 1990–2017 for Swedish men and
women born in 1940–60. We focus on all-cause mor-
tality from age 50. That means we study the 1940
birth cohort from age 50 in 1990 through to age 77
in 2017. For the 1960 cohort it means that we
follow them from age 50 to age 57.

Covariates

We include in our models a number of control vari-
ables that previous studies have shown to covary
with both our explanatory variable and our
outcome variables. In the military conscription ana-
lyses on height, physical fitness, and BMI, we
include the birth year of the index person (1965,
1966… 1975), which is associated with family size
as well as with secular trends in our health measures.
We control for both maternal age (15–19, 20–24,…
35–39, 40+) and paternal age (15–19, 20–24,… 40–
44, 45+) at the time of the index person’s birth, as
age at childbearing covaries with family size and
birth order as well as with health outcomes
(Barclay and Myrskylä 2016). We also use infor-
mation on maternal and paternal educational attain-
ment, with eight categories: primary (<9 years),
primary (9 years), secondary (10–11 years), second-
ary (12 years), tertiary (13–15 years), tertiary but
not including postgraduate qualifications (15 +
years), postgraduate qualifications (approximately
16–20 years), and ‘missing’.
To adjust further for socio-economic conditions in

the family of origin, we use the mother’s and father’s
socio-economic status (as reported in the 1960
Census), which is based on the Erikson, Goldthorpe,
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and Portocarero (EGP) occupational class scheme
(Erikson et al. 1979) with 12 categories. Further con-
trols include a binary variable for whether the index
person’s parents had divorced by the time the index
person reached age 16 and binary variables for
whether their mother or father had died before
they reached age 17.
In the mortality analyses we also control for vari-

ables capturing important socio-demographic and
socio-economic factors during adulthood for our
index persons. These include whether the index
person’s mother or father had died before age 50,
the index person’s marital status at age 50 (never
married, married, divorced, widowed), their own
educational attainment (same categories as used
for the educational attainment of parents), their
own socio-economic status (taken from the 1990
Census), and the number of children that they had
by age 50 (0, 1,… 6+). All these variables have
been shown to covary with family size as well as
with health outcomes (Cherlin et al. 1998; Weitoft
et al. 2003; Torssander and Erikson 2010; Rostila
and Saarela 2011; Myrskylä et al. 2014; Barclay,
Keenan, et al. 2016).

Statistical analyses: Military conscription data

To study the relationship between sibling group size in
the family of origin and our various health outcomes
derived from themilitary conscription register, we use
ordinary least squares regression, as well as linear
regression with cousin fixed effects. Our outcome
variables for physical fitness and height are continu-
ous, but we analyse being overweight/obese as a
binary variable. For the analysis of being over-
weight/obese, we use linear regression in the form
of linear probability models with robust Huber–
White standard errors (Stock and Watson 2008).
The fixed effects are applied to the maternal

cousin group (cousins who share the same maternal
grandmother). The model identification is by com-
paring health results within a maternal cousin
group where one cousin is an only child and the
other has a different sibship constellation. Maternal
cousin groups where both are only children do not
contribute to the estimates due to the lack of vari-
ation. The use of maternal cousin fixed effects
implicitly adjusts for all factors that are shared
within the maternal cousin group, such as the size
of the parental sibling group, grandparental
resources (e.g. wealth), and other resources shared
across the extended kin group. These may include
material assets, such as shared wealth (e.g. a shared

vacation home), and also symbolic aspects, such as
a shared surname or a common family history and
identity. The fixed effects approach also inherently
adjusts for factors that are difficult to observe and
measure, such as all elements of shared socio-econ-
omic background, to the extent that such factors
are shared by cousins.
For each military conscription outcome variable

(height, physical fitness, and overweight/obese), we
estimate two models using the full population:

y = b1SGSBO× Blended + b2BirthYear + a

+ 1 (1)

y = b1SGSBO× Blended + b2BirthYear

+ b3X + a+ 1 (2)

where y is our outcome variable; SGSBO×Blended
is our nine-category birth order and sibling group
size variable interacted with a binary variable for
whether or not the index person has any maternal
or paternal half-siblings (yielding 18 discrete cat-
egories); BirthYear is a categorical variable for year
of birth (1965, 1966,… 1975); α is the constant; and
ε is the error term. In model (2) we introduce
additional control variables indexed by X, a vector
of family covariates described in the previous
subsection.
For each of our three military conscription

outcome variables, we also estimate a third model,
using linear regression with maternal cousin fixed
effects:

yij = b1SGSBOij × Blendedij + b2BirthYearij

+ b3Xij + dj + 1ij (3)

where the subscripts i and j refer to sibling i in cousin
group j, and dj designates the maternal cousin fixed
effect. Model (3) includes the same vector of
control variables, X, that were included in model
(2). The analytical sample for model (3) is based
on cousin groups that share a maternal grandmother,
hence we exclude individuals who are ‘only cousins’:
an individual might have no maternal cousins, either
because their mother was an only child or because all
their aunts and uncles were childless. The sample is
also restricted to those with at least one male
cousin in order to obtain health outcomes from con-
scription data.

Statistical analyses: Mortality

To study mortality, we use survival analysis in
the form of Cox proportional hazards regression
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(Cox 1972). The proportional hazards model is
expressed as:

h (t | X1,..., Xk) = h0(t)exp
∑k
j=1

bjXj(t)

( )
(4)

where h (t | X1,..., Xk) is the hazard rate for individ-
uals with characteristics X1,... Xk at time t; h0(t) is
the baseline hazard at time t; and bj, j = 1,… k are
the estimated coefficients. The timescale for the sur-
vival analysis is months. Because the failure event in
our analysis is the death of the individual, the base-
line hazard of our model, h0(t), is age. Individuals
are censored on first migration out of Sweden, at
death, or in 2017 (whichever comes first). We esti-
mate the following three models:

log h(t) = b1SGSBO× Blended + b2Sex

+ b3BirthYear (5)

log h(t) = b1SGSBO× Blended + b2Sex

+ b3BirthYear + b4Childhood (6)

log h(t) = b1SGSBO× Blended + b2Sex

+ b3BirthYear + b4Childhood

+ b5Adulthood (7)

where the outcome is the log hazard of mortality,
SGSBO×Blended and BirthYear are as in the mili-
tary conscription outcomes models, and Sex is self-
explanatory. Childhood is a vector of covariates
that relate to the childhood environment, including
categorical variables for maternal and paternal age
at the time of birth of the index person, maternal
and paternal educational attainment, and maternal
and paternal socio-economic status (drawn from
the 1960 Census). Finally, Adulthood is a vector of
covariates related to important socio-demographic
and socio-economic factors measured before age
50, including binary variables for whether the index
person’s mother or father had died before age 50,
their own marital status at age 50, their own edu-
cational attainment, their own socio-economic
status (taken from the 1990 Census), and the
number of children that they had by age 50 (0, 1,
… 6+). Because the Swedish multi-generation regis-
ter starts at 1932, we were unable to obtain infor-
mation on maternal grandmothers for the older
cohorts in the mortality sample; therefore, we did
not run cousin fixed effects for the mortality
outcome.

Results

Table 2 shows sample sizes and descriptive statistics
for our two analysis samples, using the military con-
scription data (later-born cohorts) and the mortality
register (earlier cohorts). Throughout the paper,
non-blended only children are labelled OC, while
the remaining eight birth order and sibling group cat-
egory labels indicate birth order (First, F; Middle, M;
and Last, L) and sibling group size. For example, a
firstborn child from a three-child sibling group is
labelled F/3.
There were proportionally more non-blended only

children in the earlier cohorts born 1940–60 (11.9 per
cent) compared with those born 1965–75 (6.1 per
cent). This trend is largely consistent with the full-
population calculations in Figure 1, despite the mili-
tary conscription data being restricted to men only.
The share of all children that grew up in blended
families was 14.1 per cent in the mortality sample
and 24.7 per cent in the conscription sample, reflect-
ing increased family complexity across cohorts. Simi-
larly, the share of only children from blended
families increased from 4.9 per cent in the mortality
sample to 9.5 per cent in the conscription sample.
The proportion of children with three or more siblings
also declined in the later cohorts. In non-blended
families (without half-siblings), mean fitness and
height were generally lower among only children
than those with siblings, except for those in sibling
groups of four or more. Only children experienced
the highest proportions overweight/obese and the
highest mortality rates compared with most other
groups, in both blended and non-blended families.
We also show a more detailed set of descriptive

tables (Tables S1–S3 in the supplementary material),
where all variables in our analysis are cross-tabu-
lated by family size, birth order, and blended
status. In the conscription data (Tables S1–S2) and
mortality data (Table S3), non-blended only children
were more likely to be born to older mothers than
firstborn children with one sibling (indicating that
age at first birth was higher for mothers with one
child). In the conscription data, non-blended only
children were more likely to be born to parents
with lower levels of educational attainment than
non-blended firstborns with siblings. In the mortality
analyses sample, both blended and non-blended only
children had the lowest mean number of children at
age 50 compared with other groups, and the pro-
portion unmarried by age 50 was also relatively high.
All models show results according to birth order

and sibling group size, taking ‘real’ only children
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Table 2 Sample and study outcomes according to blended status, birth order, and sibling group size

Military conscription sample (men born 1965–75)
Mortality register sample (men and women born

1940–60)

Sample size
Height (cm) Fitness (watts) Overweight/obese

Sample size
Mortality rate Deaths

Birth order /
sibling group size N Percentage Mean Mean Percentage N Percentage 10^−6 N

Non-blended (no half-siblings) OC 32,700 6.1 179.4 296.5 14.3 227,188 11.9 2.0 29,202
F/2 100,462 18.9 179.7 303.7 11.1 296,614 15.5 1.6 30,068
L/2 99,958 18.8 179.7 301.7 11.1 288,680 15.1 1.6 28,048
F/3 38,386 7.2 179.5 303.0 10.6 147,994 7.7 1.6 14,640
M/3 38,526 7.2 179.5 302.1 9.7 148,569 7.8 1.6 14,750
L/3 41,612 7.8 179.5 298.1 12.3 126,541 6.6 1.6 11,219
F/4+ 9,432 1.8 179.0 297.1 11.6 82,147 4.3 1.9 9,810
M/4+ 23,837 4.5 178.6 292.6 10.9 247,955 13.0 1.8 28,485
L/4+ 16,345 3.1 179.0 290.6 13.8 75,508 4.0 1.6 6,496

Blended (half-siblings present) OC 50,699 9.5 179.0 293.7 13.8 93,767 4.9 2.0 10,007
F/2 26,902 5.1 179.2 296.4 12.4 44,284 2.3 1.8 4,297
L/2 25,436 4.8 179.1 294.1 11.8 35,203 1.8 1.8 3,289
F/3 6,494 1.2 178.7 293.0 11.7 19,736 1.0 1.9 2,000
M/3 6,493 1.2 178.9 291.0 10.8 17,110 0.9 1.8 1,634
L/3 7,205 1.4 178.9 290.1 12.5 12,578 0.7 1.7 1,116
F/4+ 1,531 0.3 178.6 288.0 13.1 11,194 0.6 2.1 1,314
M/4+ 3,929 0.7 178.1 282.5 11.6 27,971 1.5 2.0 3,183
L/4+ 2,712 0.5 178.6 284.3 13.0 7,047 0.4 1.7 617

Total 532,659 100.0 179.4 298.7 11.7 1,910,086 100.0 1.7 200,175

Notes: ‘Real’ only children (i.e. those with no full or half-siblings) are labelled OC. The remaining eight birth order and sibling group category labels indicate birth order (First, F; Middle, M; and Last, L)
and sibling group size. For example, a firstborn child from a three-child sibling group is labelled F/3.
Source: As for Table 1.
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(i.e. those with no full or half-siblings) as the refer-
ence category (OC). In Figures 2–5 we distinguish
between non-blended families with circles and
blended families with squares. Full model results
for all outcomes are shown in Tables S4–S7 in the
supplementary material.

Health outcomes in the military conscription
register: Physical health at ages 17–20

In Figures 2–4, model (1)—the baseline model—is
adjusted only for birth year. Model (2), in addition
to birth year, includes controls for parents’ education
and socio-economic status, parents’ age at the time of
the index person’s birth, whether either parent had
died before the child reached age 17, and whether
the parents had divorced before the child reached
age 16. Model (3) includes the same adjustments as
model (2), but is run on a subsample described in
the ‘Data and methods’ section and includes
maternal cousin fixed effects, in other words, com-
paring sets of maternal cousins with one another.
Figure 2 shows the results for height z-scores for

men aged 17–20. The estimates from model (1)
show that among the non-blended families, height

scores were significantly lower for only children
than for children from sibling groups of two or
three. On the other hand, these only children were
substantially advantaged in height compared with
those from sibling groups of four or more. Blended
only children’s height scores were significantly lower
than those of non-blended only children. For all
other birth order and sibling group categories, chil-
dren from blended families were shorter. After
adjustment for parental characteristics (model (2)),
some of the differences between non-blended only
children and those with full siblings diminished, and
non-blended only children were disadvantaged only
relative to non-blended firstborns from a two-child
sibling group. In model (2), a monotonic decrease in
height with birth order became more evident for
two- and three-child sibling groups. In model (3)
using cousin fixed effects, the differences between
non-blended and blended children (including only
children) were fully attenuated, but the confidence
intervals were larger due to reduced sample size.
Figure 3 shows the results from linear probability

models estimating the probability of being over-
weight/obese at ages 17–20. Model (1) shows that
only children experienced significantly higher prob-
abilities of being overweight/obese compared with

Model 1 Model 2 Model 3

Figure 2 Results for standardized height scores among men aged 17–20, according to birth order, sibling group
size, and blended family status: Swedish men born 1965–75
Notes: Model (1) is adjusted for birth year only; model (2) also controls for parental characteristics. Model (3) is run on a
subsample and includes maternal cousin fixed effects. Non-blended only children (OC) are the reference category. The
remaining eight birth order and sibling group category labels indicate birth order (First, F; Middle, M; and Last, L) and
sibling group size. For example, a firstborn child from a three-child sibling group is labelled F/3.
Source: As for Figure 1.
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nearly every other sibship constellation, except for
some children in larger sibling groups. In model
(2), adjusted for parental characteristics, most differ-
ences between only children and those from larger
sibling groups became smaller among non-blended
families, while the gap between non-blended and
blended only children widened. In this model, the
difference between non-blended only children
and non-blended children with one sibling was
equivalent to two to three percentage points (a size-
able effect given that the sample average was
11.7 per cent overweight/obese) As for height, in
models (1) and (2) non-blended only children did
significantly worse in their health outcomes com-
pared with blended only children. Model (3),
additionally adjusted for maternal grandmother
fixed effects, shows approximately the same pattern
of only child disadvantage, with slightly smaller
differences between non-blended and blended only
children than in model (2).
Figure 4 displays the results for standardized

fitness scores at ages 17–20. Model (1) shows that
only children, regardless of their blended status,
exhibited poorer fitness than non-blended children
from two- and three-child sibling groups and simi-
larly low fitness scores to non-blended children

from sibling groups of four or more. In model (2),
the disparity between only children and those with
siblings was attenuated, but fitness scores among
only children were still approximately 10 per cent
of a standard deviation lower compared with first-
borns with one sibling. In models (1) and (2),
blended children showed significantly lower fitness
than children from non-blended families, and
blended only children experienced worse outcomes
than only children with no half-siblings. Regardless
of blended status, there was a negative relationship
between birth order and fitness score. Model (3),
using maternal cousin fixed effects, shows some
further attenuation of the differences between non-
blended and blended children but approximately
the same pattern of effects between only children
and those with siblings as model (2).

Mortality results

Figure 5 shows results for all-cause mortality at age
50 and over by sibling group size, birth order, and
blended family status. Since we found no interaction
effects between sibling group size, birth order, and
sex, we are showing pooled models for men and

Model 1 Model 2 Model 3

Figure 3 Results for overweight/obesity among men aged 17–20, according to birth order, sibling group size,
and blended family status: Swedish men born 1965–75
Notes: Model (1) is adjusted for birth year only; model (2) also controls for parental characteristics. Model (3) is run on a
subsample and includes maternal cousin fixed effects. Non-blended only children (OC) are the reference category. The
remaining eight birth order and sibling group category labels indicate birth order (First, F; Middle, M; and Last, L) and
sibling group size. For example, a firstborn child from a three-child sibling group is labelled F/3.
Source: As for Figure 1.
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women. Model (1) shows estimates adjusted for birth
year and sex, and model (2) additionally adjusts for
parental characteristics: age, education, and socio-
economic status, as well as parental death before
age 50. Model (3) additionally adjusts for life
course characteristics of the index person, including
socio-economic status (measured in 1990) and the
following characteristics measured at age 50:
marital status, educational attainment, and parity.
On comparing non-blended sibling groups with

one another, we can see that the mortality hazard
was highest among only children. Non-blended chil-
dren with one or two siblings, and first and middle-
born children with three or more siblings experi-
enced significantly lower mortality (model (1)), and
this effect persisted after controlling for parental
characteristics (model (2)). After adjustment for
life course factors (model (3)), the gap between
only children and other sibling groups was reduced,
suggesting that some of the negative influence was
mediated through family history and socio-economic
factors. As in earlier analyses, mortality outcomes
were significantly worse for blended only children
than non-blended only children. However, this dis-
parity reduced substantially after controlling for
life course factors in model (3). In fact, in all

models, for nearly all sibling groups, children from
blended families showed higher mortality than
those from non-blended groups, but this disadvan-
tage reduced after adjustment for life course
factors, suggesting that this negative effect was
mediated by poorer life course outcomes.

Robustness checks

As an additional robustness check, for all outcomes
from conscription data we fitted identical models
using paternal cousin fixed effects (for cousins
sharing the same paternal grandmother), and these
showedno substantial differences from thoseobtained
when looking at maternal cousins. For the mortality
models, we fitted the samemodels but started themor-
tality follow-up in 1990, rather than at age 50, and
found broadly the same pattern of effects.
We also investigated the effect of using a slightly

different specification of sibship size and half-
sibling status, by classifying children into family
size groups based on maternal fertility only (see
Figures S1–S4 in the supplementary material). This
means that an only child would be classed as
blended only if the father has had a child with

Model 1 Model 2 Model 3

Figure 4 Results for standardized fitness scores amongmen aged 17–20, according to birth order, sibling group
size, and blended family status: Swedish men born 1965–1975
Notes: Model (1) is adjusted for birth year only; model (2) also controls for parental characteristics. Model (3) is run on a
subsample and includes maternal cousin fixed effects. Non-blended only children (OC) are the reference category. The
remaining eight birth order and sibling group category labels indicate birth order (First, F; Middle, M; and Last, L) and
sibling group size. For example, a firstborn child from a three-child sibling group is labelled F/3.
Source: As for Figure 1.
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another partner; children with half-siblings from the
mother’s side would be classified according to their
sibship size based on maternal fertility. Overall, the
pattern of effects was similar to those seen in the
main results, with the exception that the contrast
between non-blended and blended only children
was attenuated in some cases to non-significance.
An explanation for this could be that in this alterna-
tive specification, the only children with half-siblings
due to maternal fertility contribute to the estimates
in higher sibling size groups, rather than contributing
to the difference between non-blended and blended
only children.

Discussion

This paper is the first to our knowledge to investigate
the health of only children relative to children raised
in multi-child sibling groups, using high-quality,
large-scale administrative data on a range of objec-
tively measured health outcomes. Our first aim was
to assess the extent of any health disadvantage
among only children, relative to those in other

sibling constellations. Our unadjusted analyses
suggest that in Sweden non-blended only children
are likely to be shorter, are more likely to suffer
from overweight/obesity, and are more likely to
exhibit lower levels of physical fitness in late adoles-
cence compared with children from non-blended,
two- and three-child families. However, only chil-
dren show similar outcomes to those from non-
blended, four-child families, with the exception of
overweight/obesity and height. On the whole, only
children, regardless of half-siblings, enjoy better
health in late adolescence than children from
larger, blended families. The mortality analyses
also show that non-blended only children experience
higher death rates in early old age than children with
full biological siblings but do better than children
with half-siblings. Overall, only children with half-
siblings experience consistently worse health out-
comes than only children without half-siblings. Our
study also highlights the striking health disadvantage
of only children relative to firstborns, which is in con-
trast to the literature on only children’s intellectual
and social development (Mancillas 2006; Falbo
2012).

Model 1 Model 2 Model 3

Figure 5 Results for all-cause mortality at age 50+, according to birth order, sibling group size, and blended
family status: Swedish men and women born 1940–60, mortality 1990–2017
Notes: Model (1) is adjusted for birth year and sex; model (2) also controls for parental characteristics. Model (3) adjusts in
addition for the index person’s life course characteristics at age 50. Non-blended only children (OC) are the reference cat-
egory. The remaining eight birth order and sibling group category labels indicate birth order (First, F; Middle, M; and Last,
L) and sibling group size. For example, a firstborn child from a three-child sibling group is labelled F/3.
Source: Authors’ calculations from Swedish mortality register data.
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Our second aim was to understand whether these
associations are explained by any parental selection
or other life course factors. After adjusting for a
range of parental and family characteristics, the
pattern of associations is somewhat attenuated,
suggesting that familial and social selection play a
role. In cousin fixed effects estimates, which
control for many unmeasured and invariant factors
shared between maternal cousins, the pattern of
effects is broadly similar, but differences between
only children and others are further attenuated
suggesting that shared familial environmental or
genetic factors may contribute to health disparities,
especially for height.
Given the increasing prevalence of only children

in many high-income contexts, it is important to
understand the extent to which our results reflect
some kind of genuinely disadvantageous dimension
of being raised in an only-child family or whether
these patterns may be attributed to familial selec-
tion factors. It is likely that parents of only children
are negatively selected in a context such as Sweden,
where there is a strong two-child norm, leading to
poorer outcomes for their offspring. Although we
attempt to adjust for a wide range of parental
characteristics, including controlling for unobserved
factors in our fixed effects analyses, we cannot rule
out residual confounding on parental characteristics.
The adjustments for parental health are limited to
the data available: solely premature parental
death, which is an extreme and uncommon occur-
rence in contemporary Sweden. Other parental
health factors, such as being overweight/obese and
less physically fit, may prevent parity progression
either directly or indirectly (Barclay and Kolk
2020) and affect offspring outcomes. Less healthy
men are also over-represented among those who
have five or more children (Barclay and Kolk
2020), which may explain part of the disadvantage
of children raised in sibling groups with four or
more children.
The finding that BMI tends to be higher among

only children corroborates evidence from a range
of contexts (Meller et al. 2018; Park and Cormier
2018). Such a consistent finding across countries
with different levels of parental selection bias into
only child status points to the possibility of mechan-
isms in addition to parental selectivity, and this
deserves further attention, given the potential
public health implications. It is unclear whether the
mechanisms relate to birthweight, childhood
growth patterns, diet, or physical activity and also
whether interventions are possible to prevent
excess risk. It is also unclear whether weight

disparities persist into adulthood and influence car-
diovascular health. If only children approximate pat-
terns seen in firstborns, we might expect higher
blood pressure and higher BMI into adulthood
(Howe et al. 2014; Derraik et al. 2015). Further
work is needed to establish whether the association
between only children and BMI is changing over
time and is contextually sensitive.
One of the strengths of this study over previous

studies of only children is that with such a large
sample and detailed birth register, we can dis-
tinguish between only children with and without
half-siblings. This is important because one of the
suggested negative selection factors influencing
only child outcomes is parental disruption, and we
might expect only children with half-siblings to be
further disadvantaged. Our results confirm substan-
tial health differences between only children with
and without half-siblings in adolescence and in
later life, underlining the importance of considering
the complexity of the only child status. More gener-
ally, our results also highlight that children from
blended families are persistently disadvantaged on
health measures and that some of this could be
explained by poorer family and socio-economic
outcomes over the life course.
There are some limitations to this study. Data

restrictions prevent us from comparing life course
outcomes of the same cohorts at different life
stages or comparing the same health outcome
among different cohorts, and this must be borne in
mind when reflecting on our findings as a whole.
We cannot assume that the mortality sample experi-
enced poorer health in adolescence. In addition, the
proportions of only children were higher in the later
cohorts, and we are unable to investigate whether
increased social selection could be driving the
poorer health results from conscription data, as
suggested in another study (Choi and Monden
2017). It would be very useful in future to conduct
studies on the same outcome over time, where
social selection may have changed, or to extend
our investigation to other non-health outcomes,
such as educational, socio-economic and family
factors, throughout the life course. The use of
cousin fixed effects, while innovative, has its limit-
ations. While first cousins are more similar than
non-related sample members, they share only 12.5
per cent of their genetic material and grow up in
different families. The sample for maternal cousin
fixed effects is necessarily restricted to sample
members with aunts/uncles and with data for the
maternal grandmother. The fact that one child is an
only child while their cousin is not could be due to
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differences in health or general preferences between
their parents (who are siblings). We do adjust for
some of these factors (such as parents’ premature
death, marital status, and education) but others,
such as personality, we are unable to account for.
Despite these limitations, this study makes a sig-

nificant contribution to the limited existing literature
on only children’s health by introducing conceptual
and methodological innovations and by showing in
Sweden a clear adolescent health and mortality dis-
advantage among only children that is not fully
explained by parental selection factors. Replicating
the current study on other dimensions of well-
being (e.g. intellectual development) of only children
in Sweden would contribute to elucidating the mech-
anisms behind this. As the subpopulation of only
children is expected to continue rising, future work
should build on and expand this study to analyse
the later-life health outcomes of only children in
different contexts and/or time periods.
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