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Abstract We examine the effect of birth weight on health throughout childhood,
adolescence, and early adulthood, focusing on two health outcomes: all-cause and
cause-specific hospitalizations and sickness absences. The outcomes are important, not only from a health perspective but also from a labor market perspective,
as the inability to fully participate in the labor force due to impaired health is
known to have important long-term consequences. Our analysis focuses on
differences between siblings, using full-population Swedish register data on
cohorts born between 1973 and 1994. The relationship between birth weight
and health is strongest during infancy, after which it weakens throughout childhood and adolescence. In adulthood, a stronger relationship again appears, suggesting a U-shaped relationship over the examined part of the life course. During
childhood and adolescence, birth weight influences all examined disease types
with the exception of cancers, with nontrivial effect sizes in relative terms.
During adulthood, morbidity due to mental diseases dominates, primarily through
conditions with early-age origins. Consequently, we provide new evidence that
Responsible editor: Erdal Tekin

* Jonas Helgertz
helgertz@umn.edu
Anton Nilsson
anton.nilsson@nek.lu.se

1

Centre for Economic Demography, Lund University, P.O. Box 7083, SE-220 07 Lund, Sweden

2

Department of Economic History, Lund University, P.O. Box 7083, SE-220 07 Lund, Sweden

3

Minnesota Population Center, University of Minnesota, 225 19th Ave S #50, Minneapolis,
MN 55455, USA

4

Division of Occupational and Environmental Medicine, Lund University, Scheelevägen 8,
Building 406, SE-223 81 Lund, Sweden

5

Department of Economics and Business Economics, Aarhus University, Fuglesangs Allé 4,
8210 Aarhus V, Denmark

154

J. Helgertz, A. Nilsson

birth weight matters for both short- and long-term health outcomes and that it is
of a dynamic nature in terms of its magnitude and which disease types are
affected. Lastly, our results remain robust to a range of sensitivity analyses,
including nonlinear specifications of birth weight, and to estimations based on
a sample of same-sex twin pairs, allowing us to further reduce the influence of
genes.
Keywords Early life . Birth weight . Hospitalizations . Sickness absence . Siblings . Twins
JEL classification I10 . I14 . I18

1 Introduction
Substantial evidence suggests that conditions in utero have important and longlasting effects on health as well as on socioeconomic outcomes. Frequently, the
so-called Barker hypothesis has been a point of departure, according to which
fetal growth restriction programs the individual to experience an increased
likelihood of adult disease (e.g., Barker 1990; 1995). Since then, a large
number of researchers have documented associations between lower birth
weight and a range of health problems later in life. For a substantial amount
of existing studies, it is, however, unclear whether associations reflect causality
or whether the hypotheses tested reflect explicit physiological mechanisms
between in utero and later-life health.
Studies in economics have often used exogenous shocks or within-family comparisons to try to disentangle the causal effects of prenatal circumstances (see for example
Almond and Currie 2011) on later-life health. Some studies (e.g., Almond et al. 2005;
Almond 2006; Black et al. 2007) have documented effects on outcomes such infant
mortality or adult self-reported disability, whereas other studies (e.g., Oreopoulos et al.
2008; Almond et al. 2009; Field et al. 2009; Royer 2009) find no or little evidence of
effects on a range of outcomes, such as self-reported days of illness in childhood or
adolescence, hypertension, or diabetes.
In this study, we provide new evidence on the relationship between birth
weight and health outcomes throughout childhood and into early adulthood.
Using full-population Swedish register data on individuals born between 1973
and 1994, followed until 2011, our analysis exploits differences between siblings and twins, aiming to better allow for causal inference. Our analysis
considers both inpatient visits and sickness absences, examining how the effect
changes from birth until adulthood (individuals who are in their 30s). Furthermore, by exploiting data on specific diagnoses, we contribute to the literature
not only by studying the total number of days in care but also by studying
whether the individual was diagnosed with different types of diseases. To our
knowledge, this is one of the first studies examining the effect of birth weight
on days of sickness absence in adulthood. Due to its importance, both to the
individual’s ability to successfully pursue a labor market career and to a
country’s public finances (in particular for generous welfare states, like Sweden), this outcome represents an important complement to hospital stays.
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2 Background
2.1 Physiological mechanisms
Relationships between conditions experienced during the fetal stage and postnatal
health and well-being have been documented for at least half a century. Despite the
breadth of existing research, the empirical literature examining the relationship from a
more mechanistic perspective emerges as considerably smaller and to a substantial
extent speculative. In the absence of precise information on the nature and timing of the
fetal insult, which is almost consistently the case in studies using observational data on
humans, it will remain a challenge to pinpoint the physiological mechanism linking
insult and disease. If the ambition, however, is to better understand the nature of the
relationship, it is arguably of importance to base hypothesized relationships on theoretically plausible links between early-life insults and specific types of health conditions. In this paper, we therefore focus on five types of diseases which all have been
highlighted as linked with early-life insults through specific pathways.
2.1.1 Endocrine and cardiovascular conditions
Generally considering as the outcome most strongly associated with fetal disturbances,
a large literature following Barker and colleagues’ seminal articles (Barker et al., 1889,
1990, 1995) has demonstrated the link between indicators of in utero adversity, most
commonly through birth weight and cardiovascular disease. When examining cardiovascular conditions, it makes sense to also consider endocrine disease, due to their
strong degree of interrelatedness, since diseases to the endocrine system such as
diabetes or other conditions manifested through overweight or obesity are strong
predictors of the onset of heart disease (e.g., Grundy et al., 2000; Eckel 1997).
Mechanistically, explanations to why the intrauterine environment predisposes the
onset of later-life endocrine and cardiovascular disease essentially originate from the
earliest literature within the field and the thrifty phenotype hypothesis (Hales and
Barker 1992). This hypothesis proposes a reprogramming of the endocrine-metabolic
status of the fetus as a response to exposure to—for example—fetal malnutrition.
Survival in the short term is promoted by an overactivation of the HPA axis and, as a
result, a permanent increase in cortisol levels (Kanaka-Gantenbein 2010). This process
is hypothesized to result in—for example—insulin resistance, impaired functioning of
the pancreas, predisposition of the individual to dyslipidemia, arterial hypertension, and
type 2 diabetes (e.g., Oken and Gillman 2003; Kanaka-Gantenbein 2010;
Padmanabhan et al. 2016).
2.1.2 Mental conditions
Empirical research which supports a link between observable indicators of fetal growth,
such as birth weight, and mental health has grown to include overall cognitive
functioning, behavioral problems, and personality disorders as well as the ability to
cope with stress (Schlotz and Phillips 2009). Mechanistically, a diversity of fetal
insults—from maternal smoking and diet to psychosocial stress—have been proposed
to affect different aspects of in utero brain development, linked to the postnatal onset of
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mental conditions. In terms of how the fetal environment affects the development of the
brain, research has shown that being born small for gestational length is associated with
both brain volume (Martinussen et al. 2005) and the functioning of the frontal lobe
(Geva et al. 2006). Related to this, Schlotz et al. (2008) showed that fetal head growth is
an important predictor of hyperactivity and inattention. Indeed, while brain volume per se
has been shown to be linked to cognitive ability, in terms of the consequences of early-life
insults for mental health, existing knowledge would instead point towards how insults
that also alter the brain growth result in permanent chemical imbalances. Several
conditions, including the ability to deal with stress, anxiety, and depression, are linked
to such chemical imbalances in the central nervous system, through a permanent change
in how stimuli are interpreted and responded to (McEwen 2003). Lastly, the mother’s
exposure to stress during pregnancy can lead to numerous neurodevelopmental changes,
including structural changes in areas such as the hippocampus and amygdala, especially
important for cognitive and emotional functions.
2.1.3 Respiratory conditions
Fetal disturbances, measured through birth weight, have been shown to be associated
with a range of respiratory conditions, in childhood as well as in adulthood, including
but not limited to asthma and chronic obstructive airway disease (Duijts 2012).
Mechanistically, the rationale for the fetal origins of various respiratory conditions is
linked to a significant part of the formation of the lungs as well as how they are
programmed to continue to develop which occurs prior to birth. Existing research has
highlighted the relevance of both the timing and the nature of the insult in understanding how the developmental trajectory of the lungs is changed. During the initial
embryonic phase, from about 22 days after fertilization, substantial changes in the lung
structure are likely to be due to disruptions to the rapid process of cellular differentiation and lung formation that dominates during this phase (Harding and Maritz 2012).
These processes are very sensitive, and exposure to pollutants such as tobacco has been
suggested to be responsible for various disruptions to the development of the lungs.
During this phase, exposure to insults may also disrupt the developmental trajectory of
the enzymes that will become responsible for lung cell metabolism and for protecting
the lung against harmful compounds during postnatal life. For example, whereas
growth restriction has been shown to influence the lung architecture, other insults—
from exposure to toxins or improper maternal diet—may result in epigenetic changes,
thus manipulating how DNA is expressed, while leaving the actual DNA sequence
unchanged. In particular, the latter has been suggested as possibly programming the
onset of later disease—or programming an altered developmental trajectory of certain
functions of the lung (Duijts 2012; Harding and Maritz 2012).
2.1.4 Cancer
The most commonly proposed pathway through which the prenatal environment
influences the development of cancers subsequent to birth is epigenetic reprogramming.
Indeed, up to half of all childhood cancers are believed to have fetal origins (Marshall
et al. 2014). Research has suggested such changes to be resulting from maternal diet
and other environmental factors. One central proposed mechanism behind the process
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by which normal cells are transformed into cancer cells is labeled the cancer stem cell
(CSC) hypothesis. According to this, a subset of cancer stem cells are created through
epigenetic reprogramming (Shukla and Meeran 2014), responsible for both tumor
growth and metastatic spread (Ajani et al. 2015; Clarke 2005). While still a far from
a fully understood area, CSC markers have been found in a range of different tumor
types, including leukemia and brain, lung, liver, and pancreatic cancer (Ajani et al.
2015). The fetal origins of leukemia (Wiemels et al. 1999) and breast cancer (HilakiviClarke and de Assis 2006) have also been supported by other research, albeit not
explicitly focusing on the role of cancer stem cells.
2.2 Previous research
A plethora of epidemiological studies has demonstrated associations between measures
of fetal and later-life health. In general, it may be questioned how credible these studies
are from a causal perspective, as the large majority link future outcomes to measures of
early-life health, without adjusting for the broad range of factors such as the mother’s
biological constraints, socioeconomic status, exposure to infections, and genetics,
which may influence fetal health as well as later outcomes.
Exceptions to the studies of a correlational nature are represented by studies
exploiting variation within siblings or twins, as well as exposure to exogenous health
shocks during the fetal stage, primarily emerging from the economics literature.
Examples of the latter include studies examining the outcomes of individuals exposed
to environmental insults, such as influenza pandemics. The perhaps most well-known
example is represented by the 1918–1919 Spanish flu pandemic, examined in a range
of settings, including the USA (Almond 2006; Myrskylä et al. 2013) and Sweden
(Karlsson et al. 2014). The results of Almond (2006) suggest a negative long-term
influence on health outcomes in older ages, and the latter was largely replicated by
Myrskylä et al. (2013). Other environmental shocks that have been examined include
the 1957 Asian flu (Kelly, 2011), the 1944–1945 Dutch hunger winter (e.g., Rooij et al.
2010; Scholte et al. 2012), the 1959–1961 Chinese famine (Chen and Zhou 2007;
Almond et al. 2010), and the 1986 Chernobyl disaster (Almond et al. 2009). The iodine
supplementation program implemented in Tanzania in the 1990s (Field et al. 2009)
represents one positive shock, however with no effects on self-reported health measured at ages 10–13.
Another approach used to more credibly assess the effect of birth weight relies on
within-sibling or within-twin variation, using fixed effects to cancel out the influence of
all characteristics shared by siblings and twins, respectively. Such factors include genes,
parenting style, lifetime wealth, and biological constraints of the mother. Both approaches have their advantages and shortcomings, with siblings allowing for larger
study samples of individuals with more “normal” fetal experiences as well as with
greater external validity, but with fewer shared characteristics. Instead, studies of
monozygotic twins are appealing since these are (almost) identical genetically and
most often share the same placenta but are on the other hand also characterized by a
fetal environment that differs quite substantially from that of singletons, as well as
small study samples. Existing twin studies represent a multitude of contexts, examining
the influence of differences in birth weight within twin pairs on a range of health
outcomes, such as blood pressure and the incidence of specific conditions such as
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ischemic heart disease (IHD). Results have often been insignificant (Huxley et al. 2002;
Huxley et al. 2007), although this may be because twin samples are generally small and
thus the power to detect effects is relatively low. There are also studies considering
other outcomes within twin pairs, such as diabetes, asthma, and ADHD, in some cases
reporting significant effects (e.g., Poulsen et al. 1997; Örtqvist et al. 2009; Kindlund
et al. 2010; Pettersson et al., 2015).
Studies in economics have reported that birth weight differences within twin pairs
are related to infant and child mortality (Almond et al. 2005; Black et al. 2007; Conley
and Strully 2012; Oreopoulos et al. 2008; Royer 2009) as well as BMI and height
(Black et al. 2007; Saldarriaga 2015). There is also evidence of an effect on education
(Black et al. 2007; Oreopoulos et al. 2008; Royer 2009; Xie et al. 2016) and labor
market outcomes (Black et al. 2007; Oreopoulos et al. 2008). While most of these
studies benefit from using comprehensive registry-based data and sound empirical
strategies for achieving causal estimates, it is not always clear how to interpret the
results. It is, for example, far from clear how a certain effect on an individual’s height
may be interpreted in terms of health problems, and at what ages. Moreover, studies
have generally not been able to follow individuals and compare outcomes across ages.
Bharadwaj et al. (2018) is an exception to this as they follow individuals’ incomes and
health outcomes from age 30 and up. In our study, we follow health across individuals’
lives, but instead consider the first few decades of an individual’s life—hospitalizations
from age 0 to age 30, and sickness absence in young adulthood.

3 Data and method
3.1 Data
The data used in this paper comes from the Swedish Interdisciplinary Panel (SIP)
database, administered at the Centre for Economic Demography, Lund University. The
database comprises several population-wide registers which have been linked together
through personal identifiers. Data is available for all individuals born in Sweden
between 1973 and 1995, including their parents and siblings, followed until 2012.
We examine the individual’s health from birth until the early stages of adulthood, with
the oldest observations pertaining to individuals of age 38. Out of necessity due to data
availability, we divide the sample into a child and an adult sample. The childhood
sample consists of the entire population born between 1973 and 1994, examined from
birth until age 17. The adulthood sample consists of the entire population born between
1973 and 1981.
Information on birth weight is obtained from the Medical Birth Register, operationalized as the logarithm of birth weight. For the outcome variables, we rely on the data
on hospital admissions and discharges, also exploiting information on the underlying
diagnoses. Since 1987, this register covers the entire country, but about half of all
counties (the administrative regions in Sweden responsible for health care) reported to
the register already in 1973. For the adulthood sample, we also analyze data on spells of
sickness absence and disability pension, both referred to as sickness absence in the
analysis. Since regulations surrounding the eligibility for sickness and disability benefits have changed over time, we, however, focus on outcomes observed in the most
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recent year available in these data, 2011, when the adulthood sample is between 29 and
38 years of age. Similar to the hospital data, we have information on the start and end
dates of each spell, as well as on the underlying medical diagnoses. One caveat with the
data on leaves due to sickness and disability is that only spells exceeding 14 days are
observable, due to the data-providing agency only taking responsibility for the payment
of benefits from this point. As a result, if individuals with poor birth outcomes have a
larger tendency to experience not only longer but also shorter sickness absence spells,
the estimates we produce may be viewed as lower bounds of the overall effects.
The analysis focuses on several different outcomes, measuring various aspects of an
individual’s health. Data on hospitalization is used to measure both overall and causespecific morbidities, in different age groups. More specifically, we examine both the
annual number of days of hospitalization and whether an individual experienced any
hospitalization spell. Hospitalization is examined between ages 0 and 17 for the
childhood sample and between ages 18 and 30 for the adulthood sample. Sickness
absence is analyzed in a similar fashion, examining both the duration of absence spells
and whether an individual experienced any absence, as well as examining all-cause and
cause-specific absences. We exclude hospital visits or absences related to pregnancy
since our interest lies in health and not in the effect of birth weight on fertility.
We proceed to distinguish between major diagnosis types, which we can plausibly
link to the fetal growth process. We differentiate between cancers; circulatory conditions; respiratory conditions; endocrine, nutritional, and metabolic conditions; and
mental conditions. Since much of the effect turns out to be driven by mental problems
and since these problems can take many forms, we further distinguish between causes
within this group. More specifically, we separately examine morbidity due to psychotic
conditions and personality disorders (F0, F2, and F6 in the ICD10 classification),
behavioral syndromes1 (F5), mood- and anxiety/stress-related disorders (F3–F4), disorders of development with early onset (F7–F9), and mental and behavioral disorders
due to psychoactive substance use (F1). During infancy, we also consider inpatient visits
due to perinatal problems. While there is no specific threshold, these hospitalizations are
often a direct consequence of a relatively low birth weight and they may as such be more
reflective of hospitals’ expectations of health problems rather than of actual health.
When examining child outcomes, we focus on outcomes during infancy (age 0), at
age 1, at ages 2–5, at ages 6–12, and at ages 13–17, respectively. After necessary
sample selection criteria have been applied,2 the sibling sample, consisting of native
Swedes born between 1973 and 1994, amounts to 1,060,072 individuals observed from
birth. Our twin sample, where we only include complete twin pairs, includes 27,246
individuals. Naturally, when considering outcomes at ages later than 0, the study
samples are slightly reduced, as only those who survived up to the beginning of the
age interval of interest are examined.
The adult sample is represented by native Swedes born between 1973 and 1981 and
observed by the age of 18, which amounts to 371,623 individuals after the sample
selection criteria have been applied. The samples shrink somewhat further when
1

For hospitalizations, this category is almost entirely dominated by eating disorders (~ 90% of cases).
Individuals with missing information on birth weight or gestational length are excluded (1%). In addition, we
exclude individuals residing in counties not reporting hospitalization spells (23%) as well as individuals with
congenital malformations (5%) and with mothers without information on education (1%).

2
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considering sickness absences, as we only include those surviving up to the year 2011.
Table 1 shows the descriptive statistics for the childhood and Table 2 for the adult outcome
samples. Our estimated models consistently include fixed effects for gestational length,
Table 1 Descriptive statistics for childhood/adolescence samples
Siblings

Twins

Birth year

1985.919 (5.566)

1986.720 (5.798)

Birth parity

1.938 (0.961)

1.944 (1.000)

Gestational days

279.098 (12.435)

260.106 (17.112)

Log birth weight

8.154 (0.174)

7.851 (0.233)

Age 0

1.427 (7.045)

5.879 (15.284)

Age 1

0.538 (4.026)

0.675 (5.559)

Ages 2–5

0.280 (2.465)

0.285 (1.809)

Ages 6–12

0.187 (1.745)

0.170 (1.112)

Ages 13–17

0.211 (2.255)

0.225 (2.971)

Hospital days/year

Specific diagnoses (0/1)
Perinatal (only age 0)

0.046

0.212

Respiratory

0.184

0.196

Neoplasms

0.009

0.009

Endocrine, etc.

0.019

0.022

Circulatory

0.007

0.008

Mental

0.029

0.031

Mental, F0/F2/F6 (ICD10)

0.001

0.001

Mental, F1

0.011

0.010

Mental, F3/F4

0.007

0.006

Mental, F5

0.007

0.009

Mental, F7/F8/F9

0.008

0.010

Perinatal

0.596 (4.864)

4.387 (12.546)

Respiratory

0.057 (0.965)

0.078 (1.028)

Neoplasms

0.025 (0.878)

0.017 (0.454)

Endocrine, etc.

0.019 (0.638)

0.024 (0.465)

Circulatory

0.009 (0.911)

0.014 (1.268)

Mental

0.037 (1.002)

0.039 (0.689)

Mental, F0/F2/F6

0.004 (0.272)

0.003 (0.146)

Mental, F1

0.002 (0.097)

0.001 (0.025)

Mental, F3/F4

0.011 (0.488)

0.010 (0.352)

Specific diagnoses, days/year

Mental, F5

0.010 (0.392)

0.016 (0.399)

Mental, F7/F8/F9

0.017 (0.763)

0.014 (0.378)

989,529

25,290

Individuals

For childhood outcomes observed later than age 0, descriptives refer to individuals surviving up to the
beginning of the age interval, since only those are used in the regressions. Standard deviation in hypotheses
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Table 2 Descriptive statistics for adult samples
Siblings

Twins

Birth year

1976.956 (2.502)

1977.020 (2.589)

Birth parity

1.868 (0.902)

1.970 (1.009)

Gestational days

281.071 (12.369)

263.532 (17.158)

Log birth weight

8.150 (0.167)

7.852 (0.214)

Hospitalization

0.324 (3.367)

0.362 (3.508)

Hospitalization, respiratory (0/1)

0.037

0.038

Hospitalization, neoplasms (0/1)

0.011

0.010

Hospitalization, endocrine, etc. (0/1)

0.018

0.017

Hospitalization, circulatory (0/1)

0.014

0.015

Hospitalization, mental (0/1)

0.036

0.036

Hospitalization, mental F0/F2/F6 (0/1)

0.008

0.009

Hospitalization, mental F1 (0/1)

0.016

0.015

Hospitalization, mental F3/F4 (0/1)

0.020

0.020

Hospitalization, mental F5 (0/1)

0.003

0.003

Hospitalization, mental F7/F8/F9 (0/1)

0.003

0.003

Hospitalization days/year, respiratory

0.018 (0.772)

0.017 (0.286)

Hospitalization days/year, neoplasms

0.022 (1.053)

0.015 (0.594)

Hospitalization days/year, endocrine, etc.

0.014 (0.599)

0.013 (0.344)

Hospitalization days/year, circulatory

0.010 (0.277)

0.020 (0.947)

Hospitalization days/year, mental

0.168 (3.069)

0.226 (3.765)

Hospitalization days/year, F0/F2/F6 (ICD10)

0.093 (2.509)

0.130 (2.923)

Hospitalization days/year, F1

0.028 (0.988)

0.048 (1.870)

Hospitalization days/year, F3/F4

0.056 (1.279)

0.083 (1.675)

Hospitalization days/year, F5

0.016 (0.733)

0.018 (0.665)

Hospitalization days/year, F7/F8/F9

0.027 (1.550)

0.031 (1.433)

Sickness absence

13.223 (59.822)

13.319 (60.705)

Sickness absence, respiratory (0/1)

0.005

0.003

Sickness absence, neoplasms (0/1)

0.002

0.002

Sickness absence, endocrine, etc. (0/1)

0.003

0.002

Sickness absence, circulatory (0/1)

0.002

0.002

Sickness absence, mental (0/1)

0.037

0.034

Sickness absence, mental F0/F2/F6 (0/1)

0.004

0.005

Sickness absence, mental F1 (0/1)

0.001

0.0005

Sickness absence, mental F3/F4 (0/1)

0.027

0.024

Sickness absence, mental F5 (0/1)

0.001

0.001

Sickness absence, mental F7/F8/F9 (0/1)

0.007

0.007

Sickness absence, respiratory days

0.172 (5.176)

0.125 (4.075)

Sickness absence, neoplasm days

0.315 (9.426)

0.199 (7.522)

Sickness absence, endocrine, etc. days

0.263 (8.386)

0.255 (8.298)

Sickness absence, circulatory days

0.230 (8.169)

0.330 (10.116)
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Table 2 (continued)
Siblings

Twins

Sickness absence, mental days

7.418 (46.867)

7.266 (47.153)

Sickness absence, mental F0/F2/F6 days

1.366 (21.585)

1.455 (22.355)

Sickness absence, mental F1 days

0.170 (7.274)

0.119 (6.239)

Sickness absence, mental F3/F4 days

4.350 (34.015)

3.895 (32.507)

Sickness absence, mental F5 days

0.186 (7.461)

0.168 (7.344)

Sickness absence, mental F7/F8/F9 days

2.227 (27.934)

2.322 (28.418)

Individuals

371,623

10,286

Descriptives refer to individuals surviving up to the beginning of the age or time interval used, which means that
those dying before 2011 are excluded when considering sickness absences. Standard deviation in hypotheses

birth year, birth month, parity, mother’s birth year, mother’s birth month, mother’s
education, and sex.
3.2 Methods
The aim of the analysis is to quantify the causal relationship between conditions
experienced during the fetal stage, measured through birth weight, and health outcomes
through childhood and into adulthood. Using birth weight as an indicator of the in utero
experience of the individual is, however, problematic due to a range of factors. While
we are able to control for the first key factor behind the individual’s manifested birth
weight and gestational length, individuals differ considerably in terms of their intrauterine growth rate. This is affected by both genetic and environmental factors, where
in particular the former is problematic as mothers are predisposed to give birth to
differently sized babies and where a lower size at birth not necessarily needs to be an
indicator of having experienced in utero adversity. Another potential problem, as
highlighted before, is that birth weight is related to some other unobserved factors that
correlate with the birth weight, such as behavior. Our primary method of circumventing
this problem is by examining a sample consisting of siblings. Hence, it will be assumed
that differences in birth weight within siblings largely can be interpreted as resulting
from physiological processes experienced by the fetus, as other factors relating to the
mother that are known to influence birth weight, such as her physical characteristics
and habits, are shared by siblings. In assessing the robustness of the sibling sample
results, we also examine a sample of same-sex twins. In the case of single-placenta
twins (constituting a majority of monozygotic (MZ) twins), birth weight differences
may be viewed as randomly assigned, reflecting nutritional supply (Bryan 1992;
Bajoria et al. 2001). Furthermore, MZ twins are characterized by identical DNA,
whereas biological siblings (and dizygotic twins) only share 50%. The sensitivity
analyses focus on single-sex twins since, like many other studies, we have no information on zygosity or on whether twins have shared a single placenta. Relying on same-sex
twin pairs thus increases the proportion of the sample that are MZ twins to about 60%.
Our main empirical analysis is based on regressions of the following form.
Y ij ¼ α þ βH ij þ X ij γ þ f j þ εij
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Here, i is the index for a child and j for a sibling (or twin) pair. Y is the health
outcome observed after birth, such as the number of days of hospitalization at a
certain age. H is the natural logarithm of birth weight, and X is the vector of
individual control variables. These include controls for gestational length in days,
as well as dummies for the birth year, calendar month of birth, birth parity, and sex
of the child. They also include dummies for the birth year, calendar month of
birth, and educational attainment of the mother. Standard errors are clustered at the
family (i.e., mother) level.
Sibling (i.e., biological mother) fixed effects (fj) allow us to account for any factor
that is specific to the family. If the mother is subject to different shocks at different
pregnancies and these shocks only operate through effects on birth weight, results from
these models can be interpreted as causal effects of birth weight. If effects also operate
through other channels, the estimated effect of birth weight may be thought of as
representing the effects of various shocks affecting the uterus of a certain mother at
different times. In other words, effects do not necessarily mean the effect of birth
weight per se. Using the fixed effects approach on twins, in the sensitivity analysis, we
can potentially come closer to a causal effect of birth weight as we account for both
genetic and environmental influences to a larger degree. In this case, birth weight
cannot be thought of as representing shocks to the entire in utero environment, since
both twins share the same environment.

4 Results
Throughout the “Results” section, we focus on two types of specifications. Our study
sample, consisting of biological siblings, is analyzed by means of ordinary least square
(OLS) regressions, with and without sibling fixed effects, the former being referred to
as our “naïve” estimates.
4.1 Childhood and adolescence hospitalizations
We begin our analysis by considering short- and medium-term outcomes in the form of
hospitalizations in childhood and adolescence. Results are shown in Table 3. Our naïve
OLS specification (column A) reveals a strong relationship between birth weight and
inpatient visits early in life. For hospitalizations during infancy (age 0), the coefficient
is about − 3.3, implying that a 10% increase in birth weight is associated with 0.3 fewer
days of hospital visits. It also implies that a one-standard deviation increase in the
logarithm of birth weight (0.174 log unit) reduces the number of days in inpatient care
at the mean by about 41%.
Accounting for sibling fixed effects (column B) produces a coefficient of − 4.6,
which is, in fact, more strongly negative than the OLS estimate. At the mean, i.e., at
1.4 days of hospitalization at age zero, this translates into a reduction in inpatient days
of 56% when log birth weight increases by a standard deviation. The fact that this effect
is larger than its naïve OLS counterpart may potentially reflect parental responses, such
as taking a lighter sibling more often to the hospital. However, in a likely scenario
where birth weight is only a proxy for underlying health status, another explanation is
possible: There are family-specific measurement errors involved when using birth
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Table 3 Inpatient visits (hospitalization) in childhood
A

B

− 3.337***

− 4.629***

(0.089)

(0.152)

− 0.368***

− 0.507***

(0.043)

(0.082)

− 0.134***

− 0.218***

(0.025)

(0.040)

Ages 6–12

− 0.047***

− 0.093***

(0.014)

(0.027)

Ages 13–17

− 0.019

0.015

(0.017)

(0.034)

− 0.083***

− 0.131***

No. of days/year
Age 0
Age 1
Ages 2–5

Diagnoses
Perinatal, age 0
Neoplasms, ages 0–17
Respiratory, ages 0–17
Endocrine, etc., ages 0–17

(0.002)

(0.003)

0.003***

− 0.000

(0.001)

(0.001)

− 0.015***

− 0.033***

(0.003)

(0.005)

− 0.021***

− 0.031***

(0.001)

(0.002)

Circulatory, ages 0–17

− 0.002***

− 0.004***

(0.001)

(0.001)

Mental, ages 0–17

− 0.021***

− 0.019***

(0.001)

(0.003)

Mental F0/F2/F6, ages 0–17

− 0.000

0.000

(0.000)

(0.001)

Mental F0/F2/F6, ages 0–17

− 0.005***

0.003**

(0.001)

(0.001)

− 0.002***

− 0.000

(0.001)

(0.001)

− 0.007***

− 0.010***

(0.001)

(0.001)

− 0.010***

− 0.015***

(0.001)

(0.001)

− 2.457***

− 3.361***

(0.070)

(0.115)

0.020***

0.013

(0.007)

(0.011)

− 0.053***

− 0.077***

(0.011)

(0.021)

Mental F0/F2/F6, ages 0–17
Mental F0/F2/F6, ages 0–17
Mental F0/F2/F6, ages 0–17
No. of days/year, diagnoses
Perinatal, age 0
Tumor, ages 0–17
Respiratory, ages 0–17
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Table 3 (continued)

Endocrine, etc., ages 0–17

A

B

− 0.022***

− 0.036***

(0.004)

(0.010)

Circulatory, ages 0–17

− 0.029*

− 0.083***

(0.016)

(0.031)

Mental, ages 0–17

− 0.027***

− 0.027*

(0.010)

(0.015)

Mental F0/F2/F6, ages 0–17

0.001

0.000

(0.002)

(0.004)

Mental F0/F2/F6, ages 0–17
Mental F0/F2/F6, ages 0–17

− 0.002***

0.001

(0.001)

(0.001)

0.003

0.004

(0.005)

(0.005)

Mental F0/F2/F6, ages 0–17

− 0.010*

− 0.018*

(0.006)

(0.009)

Mental F0/F2/F6, ages 0–17

− 0.019***

− 0.012

(0.007)

(0.011)

*Significance at the 10% level
**Significance at the 5% level
***Significance at the 1% level
Controls include fixed effects for birth year, birth month, parity, gestational age, mother’s birth year, mother’s
birth month, mother’s education, and sex. Regressions were clustered at the mother level. Model A is an OLS
model based on the sibling sample, and model B adds sibling fixed effects

weight to indicate health, and these get canceled out when applying the sibling fixed
effects.3
Birth weight is also related to inpatient visits after the first year of life, albeit with an
effect of a substantially smaller magnitude, in absolute as well as in relative terms. The
naïve OLS specification (column A) suggests that an increase in birth weight is
associated with an effect on days of hospitalization which decreases as the individual
enters late childhood and adolescence. More specifically, at age one, a one-standard
deviation increase in log birth weight is linked to 12% fewer hospital days at the mean.
The corresponding figures at ages 2–5, 6–12, and 13–16 are 8.3, 4.4, and 1.6%,
respectively. Model B, estimated with sibling fixed effects and thus taking into account
everything that is shared between siblings, tends to produce stronger effects, but the
same patterns remain. With the exception of ages 13–16, all effects are statistically
significant, suggesting a gradually decreasing influence from birth weight as the
individual ages, both in relative and in absolute terms.
We next turn to examine the relationship between birth weight and cause-specific
morbidity, also presented in Table 3. We examine each respective diagnosis category
both in terms of whether any hospitalization spell is experienced and in terms of the
mean annual number of days of hospitalization. Starting with the naïve OLS estimates
3

A derivation of this result is provided in the Appendix.
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in column A, hospitalization due to perinatal conditions is only examined during
infancy, and the results for the number of days per year suggest that this type of
hospitalization is the main driver of the total days of hospitalization due to any cause.
More specifically, the point estimate of − 2.5 amounts to almost 75% of the overall
effect at age zero (− 3.4). Both effects for perinatal conditions are furthermore statistically significant as well as quantitatively meaningful in relative terms. A one-standard
deviation increase in log birth weight translates to a 31% lower probability at the mean
of being hospitalized due to perinatal condition, whereas the corresponding effect for
the number of days of hospitalization amounts to 72%. Again, the sibling fixed effects
estimates in column B display effects that are magnified in size. Indeed, a one-standard
deviation increase in log birth weight results in an almost 100% decrease in the
predicted number of days of hospitalization due to perinatal conditions at the mean.
Turning to other causes of morbidity during childhood and adolescence (ages 0–17),
the results from both the naïve and the sibling fixed effects estimates show statistically
significant results for all major diagnosis types with the exception of neoplasms. Thus,
birth weight is linked to respiratory disease and endocrine and circulatory system
disease as well as to mental illness. Evaluated at their respective means, birth weight
most strongly influences the likelihood of any hospitalization due to endocrine and
mental disease, with effects of a standard deviation increase in log birth weight ranging
between 13 and 19% for the naïve OLS specification and between 11 and 29% for the
sibling fixed effects specification. For the effect for the mean number of days of
hospitalization due to each respective disease type, statistically significant and expected
effects are again found throughout, except again for neoplasms. Moreover, the effects
are larger in quantitative terms, with effects ranging from a 13% reduction in the mean
days of hospitalization due to mental illness as a result of a one-standard deviation
increase in log birth weight to a 56% decrease due to circulatory disease. Turning to the
sibling fixed effects results, in column B, with the exception of mental disease, results
are again amplified. This particularly applies to the estimate for circulatory disease
morbidity, which at the mean translates to a 160% reduction in the number of days of
hospitalization per standard deviation increase in log birth weight.
4.2 Adult hospitalizations
In Table 4, we show results for hospitalizations in adulthood, between the age of 18 and
30, organized in the same fashion as earlier tables. Starting with the estimate for the
relationship between birth weight and the mean number of days of hospitalization,
remembering the disappearance of the relationship between birth weight and hospitalization over the course of childhood and adolescence, the estimates both with and
without sibling fixed effects are interesting as they suggest a reemergence of the
relationship during adulthood. More specifically, the size of the effects is similar to
the results found for ages 2–5. In relative terms, during adulthood, a one-standard
deviation increase in log birth weight results in an 8 or 12% decrease in the mean days
of hospitalization at the mean according to the naïve and sibling fixed effects models,
respectively.
Turning to the estimates of the cause-specific effects, clearer differences than for the
childhood estimates are found when comparing the naïve and the sibling fixed effects
models. In column A and for the likelihood of being hospitalized for a particular type of

The effect of birth weight on hospitalizations and sickness...

167

Table 4 Inpatient visits (hospitalization) in adulthood (ages 18–30)
A

B

− 0.157***

− 0.240***

(0.041)

(0.079)

0.004***

− 0.000

(0.001)

(0.002)

− 0.005**

− 0.000

(0.002)

(0.004)

Endocrine, etc.

− 0.001

− 0.002

(0.002)

(0.003)

Circulatory

− 0.003**

− 0.003

(0.001)

(0.003)

− 0.023***

− 0.019***

(0.002)

(0.004)

− 0.005***

− 0.004**

(0.001)

(0.002)

Mental F0/F2/F6

− 0.014***

− 0.006*

(0.002)

(0.003)

Mental F0/F2/F6

− 0.010***

− 0.008**

(0.002)

(0.003)

− 0.000

− 0.001

(0.001)

(0.001)

− 0.004***

− 0.004***

(0.001)

(0.001)

Neoplasms

− 0.021

− 0.011

(0.013)

(0.024)

Respiratory

− 0.037***

− 0.022

(0.010)

(0.018)

− 0.024***

− 0.031**

(0.007)

(0.014)

− 0.008**

− 0.009

(0.003)

(0.007)

− 0.106***

− 0.211***

(0.038)

(0.072)

No. of days/year
Diagnoses
Neoplasms
Respiratory

Mental
Mental F0/F2/F6

Mental F0/F2/F6
Mental F0/F2/F6
No. of days/year, diagnoses

Endocrine, etc.
Circulatory
Mental
Mental F0/F2/F6
Mental F0/F2/F6
Mental F0/F2/F6

− 0.051

− 0.084

(0.031)

(0.059)

− 0.031**

− 0.025

(0.012)

(0.024)

− 0.035**

− 0.057*

(0.016)

(0.030)
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Table 4 (continued)

Mental F0/F2/F6
Mental F0/F2/F6

A

B

0.004

− 0.011

(0.009)

(0.017)

− 0.044**

− 0.039

(0.019)

(0.037)

*Significance at the 10% level
**Significance at the 5% level
***Significance at the 1% level
Controls include fixed effects for birth year, birth month, parity, gestational age, mother’s birth year, mother’s
birth month, mother’s education, and sex. Regressions were clustered at the mother level. Model A is an OLS
model based on the sibling sample, and model B adds sibling fixed effects

illness, all estimates except for endocrine disease are statistically significant, something
which only applies to mental disease in column B. Consequently, the only relationship
between birth weight and the likelihood of hospitalization that is robust to controlling
for family characteristics is mental disease, where the sibling fixed effects model
suggests a 9% decrease as a result of a one-standard deviation increase in log birth
weight. Likewise, when it comes to the influence on the mean days of annual
hospitalization, does the effect on mental illness remain in column B The size of the
effect is also considerable in the sibling fixed effects model, amounting to a 21%
decrease in the predicted annual days of hospitalization per standard deviation increase
in log birth weight.
Considering the consistent importance of mental illness as it drives the effect in
adulthood, we proceed to investigate whether the effect is dominated by a particular type
of mental disorder. The sibling fixed effects estimates in column B suggest that birth
weight significantly influences the likelihood of hospitalization in all types of mental
illness, except for behavioral syndromes associated with physiological disturbances and
physical factors, dominated by eating disorders. In relative terms, the effect is the
greatest for the ICD10 categories F7–F9, including ADHD disorders and intellectual
disabilities, amounting to a 22% reduction per one-standard deviation increase in log
birth weight. Effects are estimated with less precision when it comes to how birth weight
is linked to the mean days of hospitalization. Indeed, according to the sibling fixed
effects model in column B, such a link can only be established for mood-, anxiety-, and
stress-related disorders, with a one-standard deviation increase in log birth weight
resulting in a 17% decrease in the mean annual days of hospitalization in adulthood.
4.3 Adult sickness absences
Lastly, we consider effects on sickness absences in adulthood, observed during 2011,
when the study sample is between the ages of 29 and 38. Given the larger variation in
this outcome than in hospitalizations, potential effects of early-life health may be easier
to detect; on the other hand, if sickness absences are a less severe outcome than
hospitalizations, effects may also be weaker and less significant. Results are shown in
Table 5, providing qualitatively similar results as those already observed for adulthood
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Table 5 Sickness absences in adulthood (year 2011)

No. of days

A

B

− 9.015***

− 12.111***

(0.739)

(1.368)

0.001

0.002

Diagnoses
Neoplasms

(0.001)

(0.001)

Respiratory

− 0.000

− 0.001

(0.001)

(0.002)

Endocrine, etc.

0.001

− 0.000

(0.001)

(0.001)

Circulatory

− 0.000

0.000

(0.000)

(0.001)

Mental

− 0.017***

− 0.025***

(0.002)

(0.004)

Mental F0/F2/F6

− 0.003***

− 0.002

(0.001)

(0.002)

Mental F0/F2/F6

− 0.001*

0.001

(0.000)

(0.001)

Mental F0/F2/F6

− 0.006***

− 0.007*

(0.002)

(0.004)

Mental F0/F2/F6

− 0.000

− 0.001

(0.000)

(0.001)

Mental F0/F2/F6

− 0.009***

− 0.017***

(0.001)

(0.002)

0.108

0.146

(0.117)

(0.223)

No. of days, diagnoses
Tumor
Respiratory
Endocrine, etc.

0.013

0.070

(0.064)

(0.122)

− 0.078

− 0.087

(0.104)

(0.198)

Circulatory

− 0.208**

− 0.235

(0.101)

(0.194)

Mental

− 5.213***

− 7.912***

(0.580)

(1.078)

− 1.023***

− 0.700

Mental F0/F2/F6

(0.268)

(0.505)

Mental F0/F2/F6

− 0.123

0.076

(0.090)

(0.171)

Mental F0/F2/F6

− 1.231***

− 1.477*

(0.421)

(0.793)
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Table 5 (continued)

Mental F0/F2/F6
Mental F0/F2/F6

A

B

− 0.069

− 0.183

(0.093)

(0.178)

− 3.163***

− 5.887***

(0.346)

(0.643)

*Significance at the 10% level
**Significance at the 5% level
***Significance at the 1% level
Controls include fixed effects for birth year, birth month, parity, gestational age, mother’s birth year, mother’s
birth month, mother’s education, and sex. Regressions were clustered at the mother level. Model A is an OLS
model based on the sibling sample, and model B adds sibling fixed effects

hospitalization in terms of which underlying diagnoses are dominating. For the total
number of days, the naïve OLS estimates (column A) are once again indicating that any
possible bias resulting from this estimation method underestimates the link between
birth weight and later-life health, as estimates are smaller than the ones based on sibling
fixed effects. According to the sibling fixed effects estimates (column B), a one-standard
deviation increase in log birth weight reduces the predicted number of sick days by
about 2 per year, corresponding to about 15% of the mean number of sickness days per
year.
We next consider the incidence of sickness absence due to different diagnoses. The
naïve OLS (column A) and sibling fixed effects (column B) specifications again
suggest that the link between birth weight and early-adulthood health is largely driven
by mental conditions. This is suggested both by the estimates for whether the individual
experiences a sickness absence spell due to a mental condition and by those for the
number of days of sickness absence. More specifically, a one-standard deviation
increase in log birth weight is, according to the sibling fixed effects model, linked to
an 11 and 18% reduction in aforementioned outcomes, respectively. Again, the results
suggest that it is morbidity due to the mental disease groups that include ADHD
disorders and intellectual disabilities as well as mood-, anxiety-, and stress-related
disorders that can be confidently linked to birth weight, with the relative effect being
particularly strong in terms of the former category.
4.4 Heterogeneous effects by maternal education
Up to this point, the results have painted a picture of a relationship between birth
weight and morbidity that changes across the life course, both in terms of its strength
and in terms of the type of health problems that result from being subject to impaired
fetal growth. Previous research has suggested that the effects of early-life insults may
be modified by various forms of parental investments. The most prevalent hypothesis
suggests that it is especially the more highly educated and financially well-off parents
who have the ability to identify ways to counteract the consequences of in utero
adversity as well as the resources to implement such measures. Consequently, we next
examine whether indications of smaller or nonexistent responses to birth weight are
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found among children of highly educated mothers, presented through sibling fixed
effects models in Table 6.
Column A displays the results for children of mothers with primary or secondary
education, with column B containing the results for children of university-educated
mothers. Looking at the estimates for the link between birth weight and hospitalization during infancy, we see a larger effect among children of mothers with less
education—consistent with the hypothesis that parental resources moderate the
relationship. Furthermore, the estimates are statistically significantly different.
Considering the remaining estimates, results fail to support the hypothesis that
parental resources systematically moderate the relationship between birth weight
and health through adulthood. Not only are the effects across the educational groups
statistically indistinguishable from each other but the effects among children of
highly educated mothers are larger for several age groups, clearly inconsistent with
the hypothesis that parental resources or investments matter. A similarly inconsistent story emerges when examining cause-specific morbidity (not shown, available
at request). Thus, with the exception of health in infancy, more well-off families do
not seem to be able to compensate for poor neonatal health, a finding pointing at the
importance of improving nutrition and health already around the time of birth,
rather than trying to implement offsetting policies.

Table 6 Stratification by mother’s education
A

B

− 4.844***

− 4.155***

(0.191)

(0.247)

− 0.511***

− 0.496***

Hospitalization days/year
No. of days, age 0
No. of days, age 1

(0.093)

(0.155)

No. of days, ages 2–5

− 0.171***

− 0.300***

(0.048)

(0.068)

No. of days, ages 6–12

− 0.072**

− 0.136***

(0.036)

(0.038)

No. of days, ages 13–17

0.075

− 0.089**

(0.046)

(0.045)

− 0.166*

− 0.368***

(0.100)

(0.127)

− 12.353***

− 11.249***

(1.764)

(2.102)

No. of days, ages 18–30
Sickness absence days, 2011

*Significance at the 10% level
**Significance at the 5% level
***Significance at the 1% level
Controls include fixed effects for birth year, birth month, parity, gestational age, mother’s birth year, mother’s
birth month, mother’s education, and sex. Sibling fixed effect regressions were clustered at the mother level.
Model A is based on individuals whose mother has less primary or secondary education only, whereas model
B is based on individuals whose mother has tertiary education

172

J. Helgertz, A. Nilsson

4.5 Nonlinear effects by birth weight
Table 7 shows the results from sibling fixed effects models for the mean annual
days of hospitalization in the different age groups, where the effect of birth weight
is allowed to vary across its distribution through the introduction of splines at
2000, 2500, and 3000 g. More specifically, the analysis is performed by allowing
the effect of birth weight to differ across the different categories of birth weight,
while also controlling for the interval itself. Similar to the main analysis, the
largest effects are found during infancy, with the overall effect previously encountered being similar to that in the birth weight interval 2500–3000 g. More
specifically, within this interval, the point estimate amounts to − 4.945, to be
compared to − 4.629 in the main analysis, something which may be expected
since this represents a common range in terms of birth weight. The results also
suggest that an individual at the lower end of the birth weight distribution is
particularly disadvantaged during infancy, with large and statistically significant
effects for both the 2000–2500 g and the 2000 g and under birth weight interval.
Lastly, the health effect among heavier babies (above 3000 g) is substantially
smaller, but still significant and negative.
The remaining age groups fail to produce a consistent pattern across the birth
weight spectrums, however with statistically significant effects most commonly
being found in the 2500–3000 g group. Throughout all hospitalization outcomes at
ages one and above, the results fail to suggest that those with birth weights below
2000 g are disproportionately disadvantaged in terms of health. The same applies to
sickness absence where, however, large effects are found for the intervals 2000–
2500 g and 3000 g and above, whereas weighing 2500 g is not significantly worse
than weighing just below 3000 g. In conclusion, the nonlinear effects fail to suggest
that the results obtained from the main analysis were driven by individuals at the
extreme ends of the birth weight distribution. These conclusions are also supported
by estimates obtained while limiting the sample to individuals within ± two standard deviations around the mean in terms of their birth weight (not shown, available
at request).
4.6 Same-sex twins
Clearly, there are characteristics which a sibling fixed effects approach may fail to take
into account, such as genetic factors not shared between siblings or within-mother
variation in the fetal environment. While associated with certain weaknesses pertaining
to the external validity of examining twins, the advantage of analyzing MZ twins is that
shared influence of genes is completely canceled out, as well as other factors so that
birth weight is plausibly being exogenously assigned. While we do not know whether
the observed twins in our data are monozygotic or dizygotic, restricting the sample to
same-sex twins increases the proportion of the sample that is monozygotic. Another
caveat relates to the statistical power of the estimates. Since the study population of
same-sex twin pairs only amounts to 8800 in childhood and 3700 in adulthood,
respectively, we only look at the link between birth weight and the mean days of
annual hospitalization across age groups, and not at separate diagnoses; results are
displayed in Table 8.
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Table 7 Nonlinearity: knots at 2000, 2500, and 3000 g
No. of days, age 0
Effect below 2000 g

− 17.799***

Effect between 2000 and 2500 g

− 19.181***

Effect between 2500 and 3000 g

− 4.945***

Effect above 3000 g

− 1.049***

(2.044)
(1.412)
(0.669)
(0.116)
No. of days, age 1
Effect below 2000 g

− 0.148

Effect between 2000 and 2500 g

− 0.730

Effect between 2500 and 3000 g

− 0.991**

Effect above 3000 g

− 0.338***

(0.866)
(0.799)
(0.412)
(0.079)
No. of days/year, ages 2–5
Effect below 2000 g

− 0.205
(0.329)

Effect between 2000 and 2500 g

0.162
(0.413)

Effect between 2500 and 3000 g

− 0.543*
(0.278)

Effect above 3000 g

− 0.162***
(0.040)

No. of days/year, ages 6–12
Effect below 2000 g

0.007
(0.110)

Effect between 2000 and 2500 g

− 0.197

Effect between 2500 and 3000 g

− 0.090

(0.241)
(0.171)
Effect above 3000 g

− 0.066**
(0.032)

No. of days/year, ages 13–17
Effect below 2000 g

0.177
(0.154)

Effect between 2000 and 2500 g

− 0.126

Effect between 2500 and 3000 g

− 0.281*

(0.381)
(0.168)
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Table 7 (continued)
Effect above 3000 g

0.054
(0.045)

No. of days/year, ages 18–30
Effect below 2000 g

0.213
(0.431)

Effect between 2000 and 2500 g

0.214
(1.064)

Effect between 2500 and 3000 g

0.255
(0.601)

Effect above 3000 g

− 0.132
(0.104)

No. of sickness absence days in 2011
Effect below 2000 g

− 4.184
(10.787)

Effect between 2000 and 2500 g

− 33.319**
(15.506)

Effect between 2500 and 3000 g

− 0.789
(9.174)

Effect above 3000 g

− 8.230***
(1.862)

*Significance at the 10% level
**Significance at the 5% level
***Significance at the 1% level
Sibling fixed effect models. Controls include fixed effects for birth year, birth month, parity, gestational age,
mother’s birth year, mother’s birth month, mother’s education, sex, and dummies for being in the different
birth weight intervals. Regressions were clustered at the mother level

As expected, the parameters are estimated with less precision than in the
main analysis. Indeed, only the point estimate for mean days of hospitalization
during infancy is statistically significant in a model with sibling fixed effects,
with an estimate that is attenuated somewhat compared to the main analysis.
The result indicates that the additional unobserved heterogeneity that is canceled out through the twin fixed effect models reduces the point estimate from
about − 4.6 to − 3.8. Despite this, the size of the effect remains substantial,
further reinforcing the notion of a causal impact from birth weight on health during
infancy.
While the remaining estimates fail to be statistically significant, their sign is
expected and their sizes remain rather similar to those in the main analysis, at
least throughout childhood. In adulthood, the twin estimate (− 0.75) is considerably larger than the sibling estimate (− 0.24), whereas the reverse applies to
sickness absence (− 12 for siblings, − 2 for twins). Thus, while the lack of
precision of the twin estimates is unfortunate, the identical pattern is observed
across study samples, with an effect from birth weight on health which gradually
diminishes throughout childhood and adolescence, only to reappear in adulthood.
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Table 8 Same-sex twin pairs
Hospitalization days/year
No. of days, age 0

− 3.769***

No. of days, age 1

− 0.345

No. of days, ages 2–5

− 0.055

No. of days, ages 6–12

− 0.148

No. of days, ages 13–17

− 0.004

No. of days, ages 18–30

− 0.748

Sickness absence days, 2011

− 2.073

(0.848)
(0.277)
(0.124)
(0.104)
(0.110)
(0.519)
(7.339)
*Significance at the 10% level
**Significance at the 5% level
***Significance at the 1% level
Twin fixed effect models. Controls include birth year, birth month, parity, gestational age, mother’s birth year,
mother’s birth month, mother’s education, gestational age, and sex. Regressions were clustered at the mother
level. Estimates are based on 8835 pairs of same-sex twins in childhood, with the corresponding number being
3708 in adulthood

5 Conclusion
Using full-population administrative data, this article studied the impact of the
individual’s in utero experience, measured by birth weight, on health outcomes
measured throughout childhood and adolescence and into adulthood, measured
through hospitalization and sickness absence. In an attempt to sort out the effects
of parental circumstances and behaviors as well as genetic factors, our analysis
focused on comparing the outcomes of siblings and twins. When interpreting the
results, caveats associated with relying on birth weight as an indicator of in utero
circumstances need to be acknowledged. Fetuses experience different growth
processes that are not necessarily due to in utero insults but instead the result
of, for example, the mother’s physical stature. Therefore, interpreting a low birth
weight as synonymous with adversity is problematic. In this study, we claim to
largely control for such maternal-specific processes through the use of sibling
and twin fixed effect models, while we remain confident that the most significant
sources of bias are removed.
In general, our estimates suggest largely similar effects when comparing naïve
OLS and sibling fixed effects estimates, indicating that the selection on unobservable characteristics at the sibling level is small. While the twin fixed effect
estimates are associated with important advantages, including a greater control
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over the influence of genes, the smaller sample size clearly limits statistical power,
and the degree to which obtained results can be extrapolated to a broader population may be questioned. Nevertheless, our results based on twin comparisons are
broadly in line with those based on siblings.
Overall, the results from our specifications, examining the influence of birth
weight on health throughout childhood and adolescence and into early adulthood,
suggest a U-shaped pattern. More specifically, with sizeable effects during the
first years of life in absolute as well as in relative terms, the influence diminishes
in importance during later childhood and adolescence. In adulthood, past the age
of 18, the influence again becomes stronger, with broadly similar conclusions
regarding both hospitalizations and sickness absences. Indeed, our ability to
follow individuals from birth until their adult ages, contrasting the size of the
effect across the parts of the life course observed, represents one of this study’s
key contributions.
During childhood and adolescence, the health penalty linked to a lower birth
weight is represented by a range of disease types, suggesting a generally worse
health rather than one single disease mechanism. Indeed, all examined disease
types with the exception of cancer are found to be linked to a lower birth weight.
In early adulthood, a different pattern is found, with a strong emphasis on mental
conditions. The effect on this outcome is quite substantial, and mental illness
almost entirely drives the effect of birth weight on the number of days of
hospitalization in adulthood. Albeit not quite as dramatic, a similar story emerges
for sickness absence. These are important findings, as they provide new empirical evidence regarding the dynamic nature of the relationship between the in
utero experience and postnatal health.
Industrialized countries currently face financial challenges due to rising costs
of health care and sickness absences. Here, one key challenge lies in the
increasing rates of disability due to mental problems (Prins 2010). Having
documented the role of birth weight, we believe our results have important
policy implications, pointing at the potential benefit of programs such as WIC
(the Special Supplemental Nutrition Program for Women, Infants, and Children)
in the USA, which provide nutritional counseling and supplemental food to
pregnant women. Programs like this are likely to reduce costs not only due to
physical health problems among children but also due to mental health problems in the longer run.
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