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Abstract

The literature shows evidence for long-lasting effects of low birth weight (LBW) on many health
outcomes, but little is known about effects on self-perceived health. Findings are mixed and
studies are small, mostly focusing on LBW effects on health outcomes before adulthood. Further,
as LBW and most health conditions including self-perceived health are partly heritable,
associations between birth weight (BW) and adverse health outcomes may also be due to shared
genetic as well as other (pre- and postnatal) unmeasured environmental influences. We explored
LBW effects on self-perceived health in early and later adulthood using a very large and
genetically informative sample of more than 50,000 Swedish twins. In addition, analyses within
twin pairs (the co-twin control design) were used to examine potential associations between BW
and the offspring’s risk for poor self-perceived health independent of shared environmental or
genetic factors, evidence which is critical for the understanding of underlying mechanisms.
Results showed that lower BW was significantly associated with poorer self-perceived health
during adulthood, although the effect size was small. Co-twin control analyses suggested that this
increased risk may be due to shared underlying liability (environmental or genetic) rather than a
direct effect of BW, but findings were not conclusive.
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Introduction

Low birth weight (LBW) has been shown to have long-term adverse effects on health
outcomes throughout the lifespan (e.g. Alexander, Henry Dasinger, & Intapad, 2014;

Kramer, 2013; Mu et al., 2014). In particular, LBW is associated with increased risks of
chronic disease in later life, such as asthma, high blood pressure, cardiovascular disease,
type 2 diabetes, impaired glucose homeostasis, osteoporosis, impaired bone mass and early
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reproductive aging (e.g. Alexander et al., 2014; Law & Shiell, 1996; Martinez-Mesa et al.,
2013; Mu et al., 2014; Whincup et al., 2008) as well as mortality (D’Onofrio, Class, et al.,
2013). Although LBW may indicate poor fetal growth and/or pre-term birth, associations
between LBW and long-term risks have primarily been attributed to fetal growth restriction
(Risnes et al., 2011).

In recent years, much progress has been made to incorporate a patient’s self-perceived health
into medical research, as it provides a summary across various health conditions and an
estimate of an individual’s overall sense of well-being and impact of disease (Sprangers et
al., 2009). Interestingly, it has been shown that self-perceived health (even if based on a
single item) is often superior to more objective clinical assessments for predicting patients’
survival (Gotay, Kawamoto, Bottomley, & Efficace, 2008; Idler & Benyamini, 1997). A
possible explanation for this is that an individual’s perspective on his or her own health may
capture not only physical well-being but also various psychosocial states influencing health
outcomes. Thus, self-ratings of perceived health are direct, simple, and global measures that
reflect the respondent’s experience of healthiness. The self-perceived health questions used
in past studies vary: while some ask about global health in general, others are more
comparative asking about present health compared to others of the same age, or to one’s
own health in the past (adding an element of time to the question). The latter framing of the
question is most commonly used in gerontological research as health is expected to decline
most in old age. However, the predictive value for morbidity and health outcomes has been
fairly consistent regardless of the question used (for a detailed review see Idler &
Benyamini, 1997).

To date little is known about the self-perceived health status of LBW infants in adulthood
and throughout life (Natalucci et al., 2013). The few studies exploring LBW effects on self-
perceived health report contradictory results, with some studies finding negative effects of
LBW (e.g. Saigal et al., 1996), while others find no effect (e.g. Saigal et al., 2006), or even a
positive effect of LBW on self-perceived health (e.g. Natalucci et al., 2013). These
contradictory findings may be due to small sample sizes (all but one study have N < 200), or
to the different age ranges or different health outcome measures used (for a systematic
review, including study sizes and measures, see Zwicker & Harris, 2008).

Research on birth weight (BW) effects on self-perceived health is limited to the mid-
twenties and below, with no study to date exploring potential effects beyond that age
(Zwicker & Harris, 2008). This is especially important as the variance in self-perceived
health measures in adulthood has been shown to be very small in younger age groups and to
increase with age (e.g. Svedberg, Gatz, Lichtenstein, Sandin, & Pedersen, 2005).

Further, most studies examining links between LBW and self-perceived health do not
control for genetic and other unmeasured pre- and postnatal environmental risk factors,
which is only possible with twin or other genetically informative designs (D’Onofrio, Lahey,
Turkheimer, & Lichtenstein, 2013). Some of the factors that increase the likelihood of LBW
(e.g. maternal health or hostile environments; Kramer, 2013) may also cause adverse health
outcomes in the offspring. In other words, the precursors to LBW may be the causal
mechanisms for adverse health outcomes rather than LBW being directly causal. For
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example, a recent study showed that offspring of mothers reporting worse health during
pregnancy have a higher risk themselves to deliver a LBW infant (Teoli, Zullig, & Hendryx,
2013). Most health conditions, including self-perceived health, have been shown to be at
least partly heritable (Mosing, Pedersen, Martin, & Wright, 2010; Mosing, Zietsch, Shekar,
Wright, & Martin, 2009; Sorace et al., 2015) and similar findings have been reported for BW
(Magnus, 1984), gestational age (Weinberg & Shi, 2009), and fetal growth (Svensson,
Pawitan, Cnattingius, Reilly, & Lichtenstein, 2006). Thus, the same genetic influences
causing poor health in the mother may also lead to LBW or fetal growth restriction, and
subsequently cause poorer health in her offspring. This could explain some of the
associations found between LBW and adverse health effects in offspring (D’Onofrio, Class,
Lahey, & Larsson, 2014; Oberg, Cnattingius, Sandin, Lichtenstein, & Iliadou, 2011).

Here we explore BW effects on self-perceived health in early and later adulthood using a
very large and genetically informative sample of more than 50,000 Swedish twins. First, we
aim to establish whether there is an overall significant effect of BW on three different
measures of self-perceived health in adulthood (after adjusting for gestational age and other
covariates). Next, we explore whether these potential associations differ by sex or by age
(i.e., age 45 and below versus age 46 and above). Finally, co-twin control analyses allow us
to determine whether potential associations between LBW and self-perceived health are due
to shared genetic or environmental effects (shared underlying liability) or whether they are
truly causal in nature, i.e. the effects of fetal growth on self-perceived health are direct
environmental (D’Onofrio et al., 2014; McGue, Osler, & Christensen, 2010). As twin
siblings have identical gestational age, BW differences within twin pairs reflect differences
in fetal growth.

Methods

Participants

The data were derived from two surveys based on two large cohorts of twins registered with
the Swedish Twin Registry (STR; Lichtenstein et al., 2002; Magnusson et al., 2013). The
first survey, assessing health related issues, was based on 39,000 twins in the Screening
Across the Lifespan of Twins (SALT) study, born between 1926 to 1958, and was conducted
between 1998 and 2002 through a computer assisted phone interview (Lichtenstein et al.,
2002). The second survey, based on the Study of Twin Adults: Genes and Environment
(STAGE) cohort, was conducted via the web between 2005 and 2006 and contained, among
others, a whole range of health-related questions on approximately 32,000 twin individuals
born between 1959 and 1985 (Lichtenstein et al., 2006). The two samples were merged
based on the relevant measures and the final sample contained a total of 51,558 twin
individuals (22,425 from STAGE and 29,133 from SALT) who had birth information as well
as self-perceived health ratings available. The sample consisted of 2,517 monozygotic (MZ)
male, 3,592 MZ female, 2,687 dizygotic (DZ) male, 3,508 DZ female and 6,654 DZ
opposite-sex pairs as well as 6,302 male and 6,952 female single twins without the co-twin
participating (86 male and 108 female pairs with missing zygosity). Single twin individuals
and those with missing zygosity were retained for estimation of the assocations between BW
and self-perceived health in the cohort. Zygosity of the twins was determined using
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questions about intrapair similarities and subsequently confirmed in a subset of the twins in
the STR using genotyping, which showed that the questionnaire-based zygosity
determination was correct for more than 98% of twin pairs (Lichtenstein et al., 2002). For
further details on the SALT and STAGE cohorts and zygosity determination in the STR, see
Lichtenstein et al. (2002; 2006). The sample age ranged between 19 to 74 years (mean =
45.9, sd = 13.1, median = 46). To split the sample into two equally sized age groups the
median was used as a cutoff, i.e. everyone aged 45 and younger versus everyone aged over
45 years.

Birth weight (BW)—BW for the twins as well as other relevant birth related covariates
(see Covariates below) were derived from official birth records. For those born between
1926 and 1972, birth information was based on a nation-wide collection of information from
original birth records recorded by midwives and/or doctors at the time of birth, while for
those born after 1973 it was based on records from the Swedish Medical Birth Register.
Birth record data were then linked to the collected twin data using the unique personal
identification number assigned to each Swedish citizen. For details on the BW measures and
matching procedure see Hogberg et al. (2013). BW effects were explored as continuous
(birthweight in grams divided by 250 for ease in interpreting statistical results) as well as
dichotomized coded as low (< 2500g) versus normal (> 2500g) based on commonly used
classifications and past findings (Kramer, 2013). In addition, as there was some indication
for a potential non-linear relationship between self-perceived health and BW, analyses were
repeated with quadratic (continuous) BW.

Self-perceived health outcomes—Here we used three different self-perceived health
outcome variables which were dichotomized to differentiate between healthy and less
healthy individuals. The first self-perceived health question was ‘How do you estimate your
general health?’ rated as excellent, good, versus average, not so good, and bad. This variable
will subsequently be referred to as self-rated health (SrA). The second question was ‘How
do you estimate your health compared to five years ago?’ rated as better, the same, versus
worse and will be referred to as SrH-5years. Third, we used the question: ‘Do you think
your health status prevents you from doing things you want to do?’ rated as ot at all, versus
to some extent, or a great deal. Subsequently, we will refer to this variable as Activity.
Tetrachoric correlations between the three self-perceived health measures ranged between
0.59 and 0.74.

Covariates—A number of factors that may also influence both BW and self-reported
health were included as demographic covariates: sex of participant (if the sexes were
analyzed together), age of participant at time health was rated; and birth information
covariates: parity (the number of children previously born to the same mother), age of
mother at birth, and gestational age (days of pregnancy since the first day of the last
menstrual period until birth). To make sure we did not lose power in the corrected analyses
(compared to uncorrected) due to missing values in covariates, missing values were replaced
with the mean per zygosity (as the occurrence of DZ twins increases with maternal age and
parity) for parity, age of mother, and gestational age.
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Cohort analyses

To obtain an odds ratio (OR) for the full cohort, logistic regressions using maximum
likelihood estimation were conducted in StatalC 13 (StataCorp, 2013), including BW (either
coded as LBW vs. normal BW (NBW), or as a continuous variable) as the predictor with
each of the three self-perceived health measures as outcome variables. To account for
possible associations between BW of related individuals (i.e. twins), robust estimators of
variance were computed using the cluster option in Stata (StataCorp, 2013). Initially, a
baseline model was fitted with BW and each of the three outcome variables separately
including all data (the full age range and males and females combined) without correcting
for any of the covariates. The analyses were then repeated including all covariates (age, sex,
parity, age of mother, and gestational age) using the full sample, as well as for males and
females and the younger and older age groups separately. If the association between BW and
self-perceived health was significant in the full cohort, co-twin control analyses were
conducted for that specific health measure.

Co-twin control design

A discordant co-twin control design (Kendler et al., 1993; McGue et al., 2010) was used to
explore potential genetic and shared environmental mediation of existing associations
between BW and any of the self-perceived health outcomes. With this design, the risk of
poorer self-perceived health of individuals discordant for BW (LBW versus NBW) is
compared between unrelated individuals (population risk), within MZ, and within DZ pairs.
This design essentially assumes that identical twins (MZ) share all their genes and
nonidentical twins (DZ) on average only share 50% of their segregating genes, while the two
members of a twin pair (regardless of MZ or DZ) share aspects of their environment, such as
the intrauterine environment, exposure to maternal factors (e.g. pre-natal maternal health
conditions or medication use), early life experience (e.g. post-natal maternal depression),
and shared family environment (e.g., family climate) — all so called shared environmental
influences. Importantly, BW frequently differs between twins although they share
gestational age — both twins of a pair are generally born within a very short time frame
(Bagchi & Salihu, 2006). Thus, BW differences within twin pairs represent variability in
fetal growth (Bagchi & Salihu, 2006). By using the co-twin control design we control for
shared environmental effects such as gestational age, prenatal environment, type of birth (C-
section vs. natural), parental age, parental physical and mental health (e.g. PTSD,
depression, and SES), and rearing environment, as well as for half (within DZ) or even all
(within MZ) genetic influences. This way we can disentangle the direct effects of BW from
shared environmental and genetic effects. If restricted fetal growth per se causes poor self-
perceived health, we would not only find the association on the population level, i.e.
individuals with LBW are more likely to report poor self-perceived health (odds ratio [OR]
> 1), but also within MZ and DZ twins discordant for BW. Thus, MZ or DZ LBW twins
would rate their health worse on average than their NBW co-twins and the strength of the
association would not be attenuated by their degree of relatedness (McGue et al., 2010).

However, if the relationship was not directly causal, but due to overlapping underlying
factors influencing both BW and self-perceived health outcome, we would expect different
patterns of ORs for the discordant twins (compared to the population risk) depending on the
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source of covariation, i.e. shared environmental or shared genetic influences. If overlapping
genetic influences explained the entire association, we would expect no elevated risk for
poor self-perceived health in the LBW twin compared to the NBW twin within MZ pairs
discordant for BW (OR=1). This is because both twins would have inherited the same risk
genes for LBW and poor (self-perceived) health. The OR for DZ twins (sharing half their
genes on average) would be expected to be intermediate between the one for the general
population and the one for MZ twins (McGue et al., 2010).

Finally, if the relationship between the BW and self-perceived health were entirely due to
overlapping shared environmental influences, we expect ORs within both MZ and DZ twins
to be similar in magnitude and close to 1.0 as the LBW twin would not have an elevated risk
for poor objective health compared to the NBW co-twin regardless of zygosity (as MZ and
DZ twins of a pair share all their family environment). Figure 1 summarizes the different
patterns of expected ORs for the different underlying mechanisms — note, though, that
associations between BW and self-perceived health may in reality result from a combination
of these underling mechanisms.

For the co-twin control analyses using the dichotomized BW measures all same-sex pairs
with twins discordant for LBW (i.e. one twin > 25009 and the co-twin < 2500g) were
included resulting in 1,512 MZ pairs and 1,543 same-sex DZ pairs (approximately 24% of
same-sex pairs) of which 857 — 913 twin pairs were also discordant for the respective self-
perceived health measure. See Supplementary Figure 1 for the distribution of BW
differences in pairs classified as discordant based on the LBW versus NBW dichotomy. For
the continuous BW measure all same-sex pairs with twins discordant for the respective
health variable were included in the co-twin control analyses resulting in 1,526 — 1,608 MZ
pairs and 1,847 — 2,505 DZ pairs (depending on the health measure). ORs were then
calculated separately among MZ and DZ twins for comparison with the cohort risk using the
conditional logistic regression option for matched case-control groups in StatalC 13
(StataCorp, 2013). Note that the co-twin control analyses do not require correction for
covariates as each twin is matched to its co-twin who shares the same age, sex, parity, age of
mother (at birth), and gestational age (in addition to many other environmental influences).
To account for the number of analyses conducted (i.e. two different BW classifications to
predict three self-perceived health outcomes in the full cohort as well as in discordant MZ
and DZ twins), a p-value of 0.01 was used as significance level in all within-group analyses.

Finally, as an additional test for shared underlying liability (genetic or environmental) we
calculated whether the risk for low self-perceived health of NBW twins with a LBW co-twin
was elevated compared to the risk of a NBW twin of a concordant pair. As explained above,
if shared underlying liability causes both a decrease in BW as well as in self-perceived
health, we would expect that in discordant pairs the twin with the NBW would also have
been exposed to the same influences causing a decrease in health, resulting in a lower health
rating in those twins compared to NBW twins with a NBW co-twin. If LBW causes the
worse self-perceived health outcome we would not expect to see a significant difference
between the two types of NBW twins — they both would rate their health as similarly good.
Based on the same concept using the continuous BW, we tested whether the twins with good

Behav Genet. Author manuscript; available in PMC 2017 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mosing et al. Page 7

health from pairs discordant for health rating were more likely to have lower BW compared
to healthy twins with a healthy co-twin.

Results

Preliminary analyses

The mean BW was 2,653g (sd = 513) and the sample contained 31,637 (61.4%) individuals
with NBW and 19,921 (38.6%) with LBW — expected rates of LBW in a twin sample
(Blickstein, 2002). Table 1 shows descriptive statistics for the three self-perceived health
measures in the full sample, by age group, sex and BW. The majority of individuals rated
their health as good and did not feel compromised by their health status.

Cohort analyses

Table 2 shows associations between BW (conceptualized as low vs. normal and as a
continuous variable) and the self-perceived health variables for the full cohort from analyses
both uncorrected and subsequently corrected for covariates as well as for different age
groups and males and females separately. The inclusion of covariates did not substantially
change the ORs for BW effects on the health variables. In the full sample, ORs suggested
that LBW significantly increased the risk for poor SrH and for reduced Activity, but had
little effect on SrH-5years, while BW as a continuous variable (250g lower BW) was
significantly negatively associated with all three self-perceived health outcomes (Table 2).
Further, ORs were similar between the sexes and across the two age groups with overlapping
confidence intervals. Results based on the quadratic continuous BW were very similar to the
continuous (linear) BW analyses in terms of significance; however, effect sizes were smaller
(ORs < 1.01), suggesting no underlying non-linear relationships. Full results available upon
request.

All covariates except gestational age showed a significant effect on the three health measures
(p<0.01). Individuals had significantly increased odds to report poor health with increasing
age (ORs: 1.02 — 1.07), increasing parity (ORs: 1.06 — 1.11), and younger age of the mother
(ORs: 0.98 — 0.99), as well as when they were female (ORs: 1.06 — 1.50) (results not
shown).

Within-pair analyses
We then conducted co-twin control analyses for the self-perceived health measures that were
significantly associated with BW in the cohort analyses. Co-twin control analyses were only
conducted in the full sample of discordant pairs, as the age and sex sub-groups showed
similar ORs with overlapping confidence intervals. Results of the co-twin control analyses
for LBW versus NBW (SrH and Activity) and for the continuous birthweight variable (SrH,
SrH-5years, and Activity) are shown in Figure 2 and 3, respectively.

While the majority of ORs were significant in the full cohort, ORs in the co-twin control
analyses (for both MZ and DZ twins) were generally lower and not significantly different
from 1.0 (Figure 2 and 3). However, confidence intervals for the co-twin control analyses
were wide (compared to the cohort level analyses) probably due to the reduced sample size
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as only discordant twins were included (see methods co-twin control design). Thus the
effects of BW on self-perceived health in MZ and DZ twin pairs were not significantly
different from corresponding associations in the full cohort. In line with that, between-group
analyses showed that, compared to the NBW twins from concordant pairs, NBW twins from
discordant pairs only had significantly elevated odds for low SrH, but not for Activity or
SrH-5years. And similarly, twins perceiving their health as good had comparable
birthweights regardless of whether they belonged to a concordant or a discordant pair,
suggesting no shared underlying liability (genetic or environmental).

To estimate the minimum sample size needed to find an OR of 1.13 as significantly different
from 1.0 (close to what was found for the dichotomous BW measure), a power analyses was
performed. With an alpha of 0.05 and 80% power, the projected sample size needed is
approximately N = 7,000. Similarly, to find an OR of 1.03 to be significantly different from
1.0 (using the continuous BW measure) the projected sample size needed is approximately
N = 10,000. This suggests that although we had ample power to find a significant effect on
the cohort level, we lacked power to find a significant OR in the discordant pairs, making
comparison of the ORs between the groups difficult.

Discussion

The present study aimed to explore long-term effects of BW (conceptualized both as LBW
versus NBW and as a continuous variable) on three self-perceived health measures during
early and later adulthood using a large and genetically informative sample of more than
50,000 twins. Results suggested that those with lower BW had elevated odds to report poor
health (SrH and SrH-5years) and to feel that their health status was preventing them from
their daily activities (Activity). Although the associations seemed somewhat more
pronounced in females and in the younger age group, the confidence intervals were wide and
overlapping, suggesting no significant differences between the groups.

The present findings are in line with previous studies suggesting that LBW may be a risk
factor for poorer self-perceived health outcomes, and that this effect may diminish with
increasing age (Zwicker & Harris, 2008), although it is important to note that the present
study is the first to include individuals beyond the age of 26 years. Nevertheless, risks were
small — around 10% increased risk of poor self-perceived health for LBW individuals and
2% to 4% increased risk of poor self-perceived health for 250g lower weight — and could
only be detected because of the large sample size used in this study. This could explain the
mixed findings in the previous literature, suggesting that BW effects on self-perceived health
may be small and partly measurement dependent.

The finding of only a small difference in self-perceived health ratings in LBW adults
compared to NBW adults is surprising given the higher prevalence of chronic illness and
regular medication need in this group in childhood as well as during adulthood reported in
the literature (Sydsjo, 2011). The discrepancy between objective and self-perceived health
outcomes in LBW adults has been explained as a psychological adaptation in chronically ill
patients (Schwartz, Andresen, Nosek, & Krahn, 2007), resulting from a shift of internal
standard of conceptualization of quality of life over the course of time as a buffer to the
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impact of adverse physical conditions. This explanation would also be in line with an even
smaller LBW effect on self-perceived health in the older subgroup.

The inclusion of the covariates had little effect on the results, although all covariates (i.e.
sex, age, age of mother, and parity) had a significant effect on self-rated health, with the
exception of gestational age. Our findings are in line with past research showing that female
sex (Deeg & Kriegsman, 2003; Svedberg, Bardage, Sandin, & Pedersen, 2006) and
increased age are risk factors for poorer self-perceived health (Mosing et al., 2010; Svedberg
et al., 2005) and that parity, apart from influencing BW (Kramer, 1987), is associated with
other negative health outcomes (Sunyer et al., 2001). Somewhat surprising was the finding
that lower age of mother was associated with worse self-perceived health. However, it has
been suggested that the association between mother’s age and offspring health may be u-
shaped with an increased risk for poor offspring health of very young and very old (i.e.
above 35 years) mothers (Myrskyla & Fenelon, 2012). Given that in 87% of the present
sample the mother’s age at birth was below the age of 36 (mean = 29.5, sd = 5.7), the upper
end of the distribution may have been underrepresented, resulting in a negative association
of mother’s age and self-perceived health.

Using the co-twin control design, we tested whether the association between LBW and poor
self-perceived health is indeed causal, or better explained by shared genetic or unmeasured
environmental influences accounting for both LBW and poor self-perceived health. ORs for
MZ and DZ twins discordant for BW were generally lower than the ORs for the full cohort,
and close and not significantly different from 1.0 for either self-perceived health item, which
is in line with shared underlying liability. Unfortunately, confidence intervals were large
resulting in non-significant differences between the groups (full cohort, MZ and DZ ORs)
making the results hard to interpret in terms of causality versus shared underlying liability
(shared genetic or shared environmental influences). This is likely due to the small effect of
BW on self-perceived health (large power was needed to identify the effect on the cohort
level) and the limited number of discordant twins included in the co-twin control analyses.
Further, analyses between the discordant and concordant NBW/healthy twins showed no
significantly elevated risk with exception for SrH (with dichotomous BW variable).

In summary, the present study suggests that BW effects on self-perceived health may be
small and partly measurement dependent. Despite the large sample size, this made it difficult
to determine whether the existing associations are causal or due to shared underlying
liability. Future studies would either need an even larger sample or self-perceived health
measures scored on a continuous response scale. However, as mentioned above, using a
continuous response scale may also result in highly skewed responses.

We would like to close with some important caveats and limitations inherent to twin
analyses, especially in regards to BW. First, generalizability of findings in twins to the
general population may be a concern, especially given that twins may generally be more
growth restricted in utero compared to singletons (for a detailed review and discussion see
Muhlhausler, Hancock, Bloomfield, & Harding, 2011). However, twins do not differ from
the general population in morbidity and all-cause mortality across the life-span (Christensen
et al., 2001; Oberg et al., 2012), suggesting that twinning does not lead to adverse long-term
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health outcomes. Further, research has repeatedly shown that also in other domains such as
personality, cognitive ability, and risk for mental disease, twins are comparable to the
general population (e.g. Christensen et al., 2006; Johnson, Krueger, Bouchard, & McGue,
2002; Kendler, Pedersen, Farahmand, & Persson, 1996). Second, MZ twins are more likely
to be mono-chorionic and share one placenta compared to DZ twins, allowing for vascular
interconnections between the fetal circulations. If an adverse environment affected the
weight of a twin, and if the causal pathway between that adverse environment and later
health was mediated through some circulating factor during fetal life, then this circulating
factor may also influence the health of the co-twin without affecting its weight. This could
potentially result in lower within-pair associations between BW and health outcomes in MZ
twins, which in turn may then wrongly be interpreted as suggesting underlying genetic
influences (Morley & Dwyer, 2005). Unfortunately, we had no information on chorionicity
and number of placentas of our twin pairs and therefore could not correct for this potential
confounder. However, a recent study by van Beijsterveldt and coworkers (van Beijsterveldt
et al., 2015) found that the influence of chorion type on the MZ correlations is very limited,
suggesting that the assumption of equal prenatal environment of mono- and dichorionic MZ
twins is tenable. Finally, as mentioned in the method section, although we can theoretically
determine the best explanation for an association between two traits — causality versus
shared underlying liability (pleiotropy/shared environment), we cannot exclude a
combination of different influences solely based on the co-twin control design.

In conclusion, the present study is the first to explore BW effects on self-perceived health in
early and later adulthood using a large and genetically informative sample. The findings for
the full cohort controlling for relatedness showed that lower BW increased the odds for poor
self-perceived health throughout adulthood, although the effect was small. This increased
risk may be due to shared underlying liability (environmental or genetic) for both BW and
poor self-perceived health rather than to effects of restricted fetal growth as such on
subsequent self-perceived health; however, findings of the co-twin control analyses were not
conclusive.
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Refer to Web version on PubMed Central for supplementary material.
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Expected patterns of odds ratios if the relationship between birth weight and objective health

were causal, due to overlapping genetic influences, or due to shared environmental

influences in the general population, and DZ and MZ twins discordant for birth weight

(adapted from McGue et al. 2010).
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Figure 2.
Observed odds ratios (OR) for self-rated health (SrH) and activity as compared between

individuals with low and normal birth weight. Bars show results for the full cohort
(corrected for relatedness and all covariates) as well as same-sex DZ and MZ twins
discordant for birth weight.
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Figure 3.

Observed odds ratios (OR) for the self-perceived health outcomes as predicted by
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continuous birth weight (250g lower weight). Bars show results for the full cohort (corrected

for relatedness and covariates) as well as for discordant same-sex DZ and MZ twins.
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Table 1

Percentage of individuals who rated their health as good or did not feel compromised in their health status in
the total sample, by age group, sex, and birth weight.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

N SrH SrH-5years  Activity

Total sample 51,558 75.9% 79.2% 75.8%
Age group

< 46 years 24,351 80.5% 82.5% 79.4%

2 46 years 26,207  71.5% 75.9% 71.9%
Sex

Male 23,536 79.1% 79.6% 78.6%

Female 28,022 73.2% 78.8% 73.4%
BW

Low BW 19,921  74.5% 78.8% 74.9%

Normal BW 31,637 76.8% 79.4% 76.3%
BWing

<1500 644 70.1% 77.8% 72.1%

1500-1999 4,388 73.3% 79.3% 73.9%

2000-2499 14,017  75.2% 78.8% 75.4%

2500-2999 18,920 76.6% 79.1% 76.2%

23000 13,589 76.7% 79.7% 76.3%

Note. BW = birth weight; g = grams; N = Number; SrH = self-rated health; SrH-5years = self-rated health compared to 5 years ago.
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