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ABSTRACT

In many mammal species with sexual dimorphism producing sons is energetically more
demanding to the mother than producing daughters. Although some studies in humans have
suggested that offspring born after a brother have a smaller birth weight and adult height
compared to those born after a sister, little is known about this intergenerational cost of
producing sons. We aimed to study whether the sex of preceding sibling is associated with
anthropometrics of the subsequent child at birth and in young adulthood. This population-
based study was carried out on two data sets derived from the Swedish registers. Information
on birth weight and length was obtained for 752,723 children of both sexes. Adult weight,
height and muscle strength were available for 506,326 men. Multiple linear regression
analyses showed that boys and girls born after a brother were, respectively, 18 gand 9 g
lighter and 0.08 cm and 0.03 cm (P<0.001) shorter at birth than those born after a sister.
Adjustment for gestational age decreased the magnitude of the associations (10 g and 0.04 cm
(P<0.001) in men and non-significant estimates in women), suggesting that part of the lower
mean birth weight and length of individuals born after a brother was due to a shorter
gestation. In young adulthood, men with a preceding brother showed 0.16 kg more in weight,
0.3% higher body mass index (P<0.001) and a trend towards reduced height and muscle
strength. Our results suggest that even though the sex of the previous child is associated with
the anthropometrics of the subsequent child, the effect sizes are very small questioning

whether this mechanism has adaptive value in contemporary humans.



The theory of life-history evolution states that reproduction is energetically costly upon
parents (Roff, 2002). Reproductive costs can compromise an individual's ability to survive
and invest in new offspring, and thus trade-offs between current and future reproductive
investments are expected (Roff, 2002). In several sexually dimorphic mammal species where
males are larger than females there is evidence that producing sons is energetically more
demanding to the mother than producing daughters (e.g. Bérubé¢ et al., 1996). In humans, sons
have a faster intrauterine growth rate (Marsal et al., 1996) and heavier weight and size at birth
(Loos et al., 2001; Hindmarsh et al., 2002), as well as higher energy requirements during
gestation (Tamimi et al., 2003) and lactation (Butte et al., 2000; Sellen, 2007; da Costa et al.,
2010). Giving birth to and raising sons versus daughters has also been associated with adverse
long-term consequences such as reduced maternal life span in pre-industrial populations (e.g.
Helle et al., 2002; Helle and Lummaa, 2013); however, little is known about the consequences

of producing sons for mothers' ability to invest in future offspring in humans.

In line with the life-history theory, some studies have suggested that birth weight is
lower in those children born after a son than in those born after a daughter (Trotnow et al.,
1976; Magnus et al., 1985; Blanchard and Ellis, 2001; Cote et al., 2003; Nielsen et al., 2008;
Rickard, 2008), but whether this association exists in children of both sexes or only in boys
remains unclear. In a Danish study, having one or two brothers respectively was associated
with a reduced birth weight of 29 g and 38 g on later born boys and of 17 g and 21 g on later
born girls, compared with later born siblings with no brothers (Nielsen et al., 2008). This
study additionally detected that part of this association was explained by a shorter gestational
age among later born siblings with brothers (Nielsen et al., 2008). The only study that
analyzed the relationship between the sex of preceding siblings and birth length of a later born

child found non-significant differences between the mean birth length of boys with older



sisters (51.68 cm) and that for boys with older brothers (51.40 cm) (Cote et al., 2003). These
findings thus suggest that the maternal reproductive costs could also depend on the sex or sex
ratio of previously born offspring. Alternatively, some authors have suggested that this pattern

of relationships may reflect a maternal immune response against male-specific minor

histocompatibility (H-Y) antigens (e.g. Blanchard and Ellis, 2001; Nielsen et al., 2008).

According to the “developmental origins of adult disease” (DoHAD) hypothesis,
environmental conditions experienced early in the life cycle can profoundly influence an
organism’s biology and long-term health (Barker, 1998). This hypothesis, for which animal
studies have shown a strong epigenetic basis (Gluckman and Hanson, 2006), is supported by
epidemiological studies in humans linking low birth weight to increased risk for the
development of several diseases in adulthood such as cardiovascular diseases (CVD) (Lawlor
et al., 2005; Risnes et al., 2011). Well known risk factors for CVD are obesity, reduced stature
and weak muscle strength (Melanson et al., 2001; Silventoinen et al., 2009). Both weight and
length at birth have shown to be predictors of adult weight and height (Eide et al., 2005).
Birth weight has also been positively associated with later body mass index (BMI)
(Rasmussen and Johansson, 1998) and obesity (Parsons et al., 1999), but the evidence is still
mixed (Rogers and EURO-BLCS Study Group, 2003; Brisbois et al., 2012). The relationship
is also positive with lean body mass (LBM) and muscle strength (Rogers and EURO-BLCS
Study Group, 2003; Dodds et al., 2012) but negative with relative adiposity, thus suggesting
that the association between birth weight and BMI does not necessarily reflect increased
adiposity at higher birth weight (Rogers and EURO-BLCS Study Group, 2003). These
anthropometric phenotypes are in turn related to reproductive performance. Models of male
life history assume that men invest in traits such as stature, lean mass and strength, which

despite metabolically costly, benefit reproductive fitness indirectly by boosting qualities like



competitive ability and attractiveness (Ellison, 2003; Kuzawa, 2007). Therefore, the long-
term associations between birth weight and sexually dimorphic traits in adulthood suggest that
the early environment may also have long-term consequences for male reproductive fitness.

In fact, birth weight itself has been positively related to the probability of marriage in men

(Phillips et al., 2001; Vagero and Modin, 2002) but not in women (Vagero and Modin, 2002).

Since individuals born after a brother seem to be lighter at birth and reduced birth
weight is associated with an increased risk for the development of several diseases in
adulthood, we should expect that there may be long-term consequences of producing sons, not
only for the mother but also for her subsequent offspring. In fact, being born after a brother
has been related to decreased lifetime reproductive success in pre-industrial Finland (Rickard
et al., 2007). To the best of our knowledge, the only attempt to shed light on the association
between the sex of the preceding sibling and anthropometrics in adulthood was a study carried
out in merely 79 men and women aged 18-55 years of the University of Glasgow (Rickard,
2008). The study reported that individuals born after a brother were 2.4% shorter and 7%
lighter than those born after a sister; however, additional control for adult height suggested
that older sibling sex-mediated differences in weight were explained by older sibling sex-
mediated differences in height (Rickard, 2008). Thus, the association between the sex of the
previous sibling and the adult body size of the subsequent offspring needs to be more

extensively analyzed using larger and more representative samples.

Accordingly, the aim of this study was twofold. First, to test whether children born to
mothers who had a son in the previous reproductive event have a lower birth weight and
length than those born after a sister, and whether this effect depends on the sex of the later-

born sibling. Second, to explore whether the sex of the preceding sibling is associated with



height, weight, BMI and muscle strength of young adult men in the general Swedish
population. The direction and magnitude of these relationships are important to elucidate the

underlying biological mechanisms.

MATERIALS AND METHODS
Study sample

This study was based on a record-linkage between the Swedish Multi-Generation
Register (MGR), the Medical Birth Register (MBR), the Military Service Conscription
Register (MSCR) and the Swedish Population and Housing Censuses (PHCs) using personal
identification numbers. All men and women in Sweden born 1951-1987 were identified in the
MGR and comprise the study population from which two data sets were derived: the birth
data set (BirthData) and the adult data set (AdultData). Identifiers for the biological mother,
maternal age, birth year, birth order and sex were obtained from the MGR. Families with
multiple births were removed from the analyses. Birth interval was calculated between the
birth date of the individual and that of his or her immediately older sibling. Categorical
variables were created for birth order (1, 2, ..., 6+) and maternal age at birth (5-year groups
from 15-19 to 45-49 years). Information on parental occupational socioeconomic position

(SEP) was derived from the PHCs 1960-1980.

BirthData comprised boys and girls born 1973-1987 with information on birth weight,
birth length, and gestational age from the MBR. In the entire dataset we had 1,365,755
individuals and exclusion of those who were firstborn to their mothers left a sample of
767,384 individuals. We had 14,661 cases (1.9% of the data) of missing or extreme values for
gestational age (<29 or >45 weeks) and birth weight (<700 or > 6000 g), which were excluded

from the final dataset (n=752,723). For additional analyses, we restricted the sample to those



families in which all siblings were born in years 1973-1987 and excluded individuals with
birth order more than 5. After exclusion of firstborn to their mothers and extreme values,
443,324 individuals remained of which 345,986 belonged to the status of second born. Sex-
specific z-scores (i.e. mean=0 and SD=1) for birth weight and length were calculated from
both the full and restricted samples. Birth weight for birth length z-score was used as a

measure of relative weight.

For AdultData, additional information was obtained from the MSCR. Conscription
examination, which predates active military service, was mandatory in Sweden by law for all
young male Swedish citizens in our study cohorts. Only males with severe handicap or a
chronic disease were exempted from the examination. Conscription examination was carried
out in 6 different centers and measurements were assessed by administrative staff trained for
this purpose according to a standard protocol. In this study, we analyzed cohorts born from
1951 to 1976. In the entire data set, we had conscription data available for 1,330,027 men.
After exclusion of those who were firstborn to their mothers and had their conscription
examination after 1994, the sample was reduced to 520,089 individuals. In addition, to keep
the sample age-homogenous, men aged less than 17 or more than 20 years at conscription
were excluded (6,311 men, 1.2%). During the conscription examination, height and weight
were measured in light clothing without shoes. BMI was defined as weight (kg) divided by
height squared (m?). We had 7012 cases (1.3%) of missing or extreme values for height (<150
or >210 cm), weight (<40 or >150 kg), and BMI (<15 or >60 kg/m?), which were excluded
from further analyses. Elbow flexion, hand grip and knee extension strength were also
measured according to a standard protocol. The exact measurement protocol is regarded to be
confidential information by the Swedish Defence Recruitment Agency and thus is not

revealed. However, there were no systematic differences evident in the mean values of the



measures between conscription offices, suggesting that a uniform protocol was used. The
values of elbow flexion, hand grip and knee extension strength in these data were also close to
values in a previous study of 31- to 35-year-old Finnish men (Viitasalo et al., 1985). Strength
measures varied from 50 to 999 Newton (N), which was the maximum value the test could
measure even if a participant was stronger. We had missing strength values for 441 cases
(0.08%). In the final data set (AdultData), we had valid measures from all anthropometric
traits on 506,326 men. AdultData was restricted with the same criteria used for BirthData,
which left a sample of 425,955 second through fifth born men, of which 303,302 were second

born. This study has been approved by the Ethical Review Board, Stockholm, Sweden.

Statistical analyses

To study the association between the sex of preceding sibling and the anthropometrics
of subsequent offspring, multiple linear regression analyses were performed. Measurements
of body size and muscle strength were used as dependent variables, and the sex of the
previous sibling as an independent variable. In BirthData, regression analyses were performed
separately by the sex of later born sibling. Adjustments were carried out for birth year, birth
interval, birth order and maternal age in Model 1, and additionally for gestational age in
model 2. For adult anthropometrics (AdultData), Model 1 adjusted for birth year, conscription
age and center, and Model 2 added controls for birth order, birth interval and maternal age.
Since BMI was not normally distributed and thus log-transformed, the estimated regression
coefficients for this variable can be interpreted as percentage changes (logBMI*100 = %
change). Next, we used the restricted samples to analyze whether having at least one older
brother (not necessarily the just preceding sibling) compared to considering only the
preceding brother modifies the associations. We considered all second through fifth born

children and for each child we counted the number of preceding brothers and dichotomized



the variable (prior boys = 1, no prior boys = 0). Finally, we repeated the analyses taking into
account only the second born. Standard errors and p-values were adjusted for clustering of
brothers within families and were estimated using Stata/IC 12.0 (StataCorp, College Station,

Texas, USA).

RESULTS
Characteristics of the participants

Table 1 presents the characteristics of the participants at birth (BirthData) according to
the sex of the preceding sibling. Mean values for birth year, birth order, birth interval and
maternal age did not differ by the sex of the previous sibling or that of the subsequent one.
Gestational age was slightly lower for both boys and girls when born after a brother (39.5 and
39.6 weeks, respectively) versus a sister (39.6 and 39.7 weeks, respectively). The proportion
of high parental SEP (non-manual workers at higher and middle level), despite very similar,
was slightly lower for those born after a sister. Mean birth weight and length were lower in
females and both boys and girls presented a smaller size at birth (weight, length and weight
for length) when born after a brother. For young adult men (AdultData), socio-demographic
characteristics did not vary with the sex of the previous sibling (Table 2). Regarding
anthropometrics, men born after a brother presented slightly higher weight and BMI, and
lower height and muscle strength than those born after a sister. Cohen's d effect size
calculated from the means and SDs was very small for all analyzed traits (d <+ 0.035), being

particularly low for muscle strength (d <0.010).

(Table 1 and 2 about here)

Regression analysis
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Linear regression analyses assessing the association between the sex of the preceding
sibling and the body size at birth of the subsequent child are presented in Table 3. The
unadjusted model showed that boys born after a brother were, on average, 18 g lighter and
0.08 cm shorter than those born after a sister (P<0.001). Adjustments for birth year, birth
order, birth interval and maternal age did not change the magnitude of the differences.
However, the adjustment for gestational age attenuated the associations to 10 g and 0.04 cm
(P<0.001). Together with the results from the gestational age z-scores, this indicates that part
of the lower mean birth weight and length of individuals born after a brother is due to a

shorter gestation compared with those born after a sister.

In addition, birth weight for length z-scores showed a substantially weaker association
compared to birth weight z-scores (0.012 vs 0.034 in Model 1, respectively, P<0.001),
suggesting that large part of the association between the sex of the previous sibling and birth
weight of the subsequent offspring is explained by birth length. Although associations
followed the same pattern in girls, they were considerably weaker than for boys in all cases.
Girls born after a brother presented, on average, 9 g and 0.03 cm less than those born after a
sister, but the effect was non-significant after the adjustment for gestational age. Analyses
carried out on the restricted sample showed that the magnitude of the associations slightly
increased when the conditions of having at least one older brother or including only second

born children were considered.

(Table 3 about here)

Table 4 shows the results for young adult men. Individuals born after a brother were, on

average, 0.16 kg heavier and had 0.3% higher BMI than those born after a sister. The
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associations with height and muscle strength showed the opposite direction, but the
magnitude was very small. Having at least one older brother or considering only second born
children slightly increased some of the associations. Finally, regression analyses for all
outcomes (both at birth and young adulthood) were additionally adjusted for parental SEP, but

since regression coefficients did not change, this covariate was not included.

(Table 4 about here)

DISCUSSION
The findings from this population based study of more than half a million Swedish
individuals showed that, although the magnitude of the associations is in general very small,
the sex of the preceding sibling is related to the anthropometric variation of the subsequent
offspring, both at birth and young adulthood. Since we aimed to analyze these relationships in
the whole population (2™ - 16" born), and more restrictions in the inclusion criteria (2" — 5%
born or only 2™ born children) showed similar associations, the discussion will be based on

the full samples.

We found that boys and girls born after a brother had a reduced birth weight of 18 g
(~0.5%) and 9 g (~0.3%), respectively, compared to those born after a sister. These results are
consistent with several previous studies conducted on other populations (Trotnow et al., 1976;
Magnus et al., 1985; Blanchard and Ellis, 2001; Cote et al., 2003; Nielsen et al., 2008;
Rickard, 2008). For example, Rickard (2008) observed that those individuals born after a
brother were 9% lighter at birth than those born after a sister. In a study carried out in 2022
children from Quebec (Cote et al., 2003), newborn males with only older brothers weighed 87

g less than those with only older sisters, whereas females had a non-significant reduction of
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14 g. In a register-based study of 545,839 second to fourth born children from Denmark
(Nielsen et al., 2008), having one or two older brothers, respectively, was associated with a
reduction in birth weight of 29 g and 38 g on later born boys and of 17 g and 21 g on later
born girls compared with later born siblings with no brothers. Our findings are in accordance
with these two studies (Cote et al., 2003; Nielsen et al., 2008) in determining a smaller
reduction in later born girls than in boys, although providing the smallest effect sizes yet
reported. The discrepancies in the magnitudes across studies might in part be explained by
differences in terms of origin, cohort, sample size, selection criteria and treatment of data. In
contrast to all these previous studies, however, Vernier et al. (2010) found that boys born after
a preceding male pregnancy (based on “conceptuses of gravida’s previous pregnancies” and
not on “sibships”) weighted 27 g more than those born after a female pregnancy, and that girls
born after a preceding female pregnancy weighted 48 g more than those born after a male
pregnancy. As for birth weight, we observed that boys and girls born after a brother presented
a slight decrease in birth length of 0.08 cm and 0.03 cm respectively compared to those born
after a sister. A trend towards a shorter length for boys with older brothers (51.40 cm) versus
older sisters (51.68 cm) was also detected in Quebec children (Cote et al., 2003), but
differences were non-significant. We additionally showed that a great part of the association
between sex of the previous sibling and birth weight of the subsequent child is explained by
birth length. In line with this, it has been reported that the associations between birth weight
and adult height almost disappeared when adjusting for birth length (Serensen et al., 1999),
and that birth length might be a better predictor of adult height and weight than birth weight
(Eide et al., 2005). It is noteworthy, however, that in the present study the associations are
significant because of a very large sample size, that is, in smaller samples some of the

differences would not become statistically significant.
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According to the observations of Nielsen et al. (2008), adjustment for important
determinants of birth weight such as birth year, birth interval, birth order and maternal age,
did not change the magnitude of the associations, suggesting a fundamental biologic
mechanism. Also in agreement with Nielsen et al. (2008), we found that part of the difference
in mean birth weight is explained by a shorter gestation in individuals born after a brother
than a sister, particularly in girls, for which the effect disappeared in our study. As reviewed
by Ellison (2003), the establishment of a pregnancy is sensitive to energetic conditions, but
the continuation of it appears to be highly buffered from variation in energetic conditions.
This can, however, affect both the duration of gestation and the birth weight of the resulting
offspring. A Danish study reported that the delivery of boys, in comparison with the delivery
of girls, was associated with an increased risk of stillbirth in subsequent pregnancies and that
the risk increment was greater among boys (Nielsen et al., 2010). Thus, the relationship

between the sex of the preceding sibling and alterations of gestation needs further attention.

Since producing sons versus daughters is energetically more demanding to the mother
owing to their higher size at birth (Loos et al., 2001; Hindmarsh et al., 2002) and their higher
energy requirements during gestation (Tamimi et al., 2003) and lactation (Butte et al., 2000;
Sellen, 2007; da Costa et al., 2010), the direction of our results -lower birth size and weight
after a preceding brother versus a preceding sister- is in line with evolutionary expectations of
reproductive costs in humans. Particularly boys seemed to be influenced more from an elder
brother compared to girls, which is also expected by the theory since boys require more
resources for growth than girls. Two recent studies showed that the energy content of a
mother’s breast milk is greater for male infants than for females (Powe et al., 2010; Fujita et
al., 2012). In addition, Fujita et al. (Fujita et al., 2012) observed that economically sufficient

mothers in rural Kenya produced richer milk for sons than daughters while poor mothers
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produced richer milk for daughters than sons. Although these studies are consistent with the
Trivers-Willard hypothesis, which predicts the unequal parental investment between males
and females depending on maternal condition and offspring reproductive potential (Trivers
and Willard, 1973), a recent study based on milk composition found no support for this
hypothesis (Quinn, 2013). It must be noted that it is difficult to illustrate that energy savings a
mother would gain by constraining the growth in 18 g (or less) would be sufficiently
beneficial for this “strategy” to become genetically encoded and physiologically expressed as
an adaptation, through evolutionary time. Based on the magnitude of our findings, however, it
is unlikely that the differences in birth weight and length are evolutionary relevant in modern
context. We observed that having at least one older brother (not necessarily the just preceding
sibling) compared to considering only the preceding brother do not decrease the magnitude of
the associations, which could be suggesting that the mechanisms involved possess memory. A
plausible physiologic explanation suggested in other studies is the maternal immune
responses against H-Y antigens (e.g. Blanchard and Ellis, 2001; Nielsen et al., 2008).
Pregnancies with boys lead to maternal immune responses against H-Y antigens, which
through inflammatory processes might cause insufficient placental function and thus a
reduced birth weight of younger siblings (Bartha et al., 2003). As proposed by Nielsen et al.
(2010), this mechanism might also explain the smaller effect observed in girls in such a way
that the H-Y reaction might lose specificity with time and become directed towards non-sex-
specific proteins on the fetus that have achieved immunogenicity due to the inflammatory

process initiated by the anti H-Y reaction.

In this large population of young adult men, we previously observed that birth order was
associated with height, BMI and muscle strength (Myrskyla et al., 2013; Jelenkovic et al.,

2013). In this study we show that young men born after a brother were 0.16 kg (~0.3%)
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heavier, 0.22 kg after adjustment for height, than those born after a sister. In contrast, Rickard
(2008) observed that individuals born after a brother were 7% lighter, and that this difference
was caused by difference in height. In that sample of 79 men and women (Rickard, 2008),
those born after a brother were 2.4% shorter. In our population, however, the effect was
considerably lower: being born after a brother was associated with a reduction in height of
0.07 cm (0.04%) only. To our knowledge, no other study has analyzed the relationship
between sex of the preceding sibling and BMI or muscle strength. We showed that BMI is
0.3% greater and hand grip and knee extension strength lower (< 1N) in those men born after
a brother compared to those born after a sister. As for birth size the majority of associations
were not materially affected by adjustments, suggesting a biological effect of sex of the
preceding sibling on the subsequent offspring. Therefore, although the direction of the
associations suggests that men with an older brother are slightly disadvantaged for
anthropometric traits related to human male reproductive fitness (Ellison, 2003; Kuzawa,
2007), which agree with the decreased lifetime reproductive success detected for those
individuals born after a brother in the pre-industrial Finnish population (Rickard et al., 2007),
the magnitude is unlikely to be sufficiently large to have a meaningful impact on male fitness

in modern western societies.

Since individuals born after a brother showed reduced birth weight, and decreased
height and muscle strength and increased weight and BMI in young men, our findings are in
line with the DoHAD hypothesis (Barker, 1998); but again, the small effect sizes (e.g. 18 g
difference in birth weight) are unlikely to have biological relevance for health. On the other
hand, it is important to mention the role of testosterone, the primary male sex hormone.
Testosterone stimulates the growth and maintenance of sexually dimorphic traits such as

height, lean mass, and strength and has shown reduced concentrations in individuals born
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small. In fact, the associations between birth weight and these testosterone- sensitive traits are
substantially stronger in males (Kuzawa, 2007). Finally, it has also been hypothesized that an
intergenerational phenotypic “inertia” allows the matriline to recalibrate expenditure in
response to predictive information that is made more reliable as a result of averaging across
generations (Kuzawa, 2007). Thus, further research is required to elucidate biological

pathways through which these associations might arise.

This study has several strengths. The main advantage is the large sample size, which
allows us to detect very small effects or even lack of association and thus helps to cope with
publication bias that potentially favors the publication of unrealistically large effect sizes. In
addition, this is the first study to investigate the long-term consequences of the sex of the
preceding sibling on BMI and muscle strength of the subsequent offspring. Moreover, since
military conscription was mandatory during the study period, participation bias due to
selection does not exist. However our study also has some limitations. First, our adult sample
included only men and thus our results cannot be generalized to women. Second, although
military conscription was mandatory during the study period, severe disability or a severe
chronic disease was a valid reason to be exempted, thus our cohort represents mainly healthy
Swedish men at baseline. Third, since this is a register-based study, we can only speculate

about the biological mechanisms behind the observed associations.

Regardless of the underlying mechanism, our study illustrates the existence of an
association between sex of the preceding sibling and anthropometrics of the subsequent
offspring both at birth and young adulthood. Although the magnitude is in general very small,
we show that being born after an older brother is associated with reduced birth weight and

length but with increased weight and BMI in young adulthood. Thus, although the effect is
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too weak to be of clinical relevance, these findings have theoretical significance and might

help to shed light on the underlying biological mechanisms in future research.
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Table 1. Subjects characteristics at birth according to sex of the preceding sibling, stratified by sex of the individual

Boys Girls

Older brother  Older sister Older brother ~ Older sister
Socio demographic
Birth year 1980.0(4.4) 1980.0(4.4) 1980.0(4.4) 1980.0(4.4)
Gestational age (weeks) 39.5(1.7) 39.6(1.7) 39.6(1.7) 39.7(1.6)
Birth order 2.5(0.8) 2.5(0.8) 2.5(0.8) 2.5(0.8)
Birth interval (years) 4.3(2.8) 4.3(2.8) 4.3(2.8) 4.3(2.8)
Maternal age (years) 29.4(4.6) 29.4(4.6) 29.4(4.6) 29.4(4.6)
High SEP (%) fathers/mothers 28.7/19.3 28.6/19.1 28.6/19.2 28.3/18.9
Anthropometrics
Birth weight (g) 3629.5(539.8) 3648.0(539.5) 3495.9(515.1) 3505.0(513.9)
Birth length (cm) 50.96(2.26) 51.03(2.26) 50.13(2.16) 50.16(2.16)
Birth weight (z-score) -0.017(1.00)  0.018(1.00) -0.009(1.00)  0.009(1.00)
Birth length (z-score) -0.016(1.00)  0.018(1.00) -0.008(1.00)  0.008(1.00)
Birth weight for gestational age (z-score) -0.011(1.00) 0.011(1.00) -0.003(1.00) 0.003(1.00)
Birth length for gestational age (z-score) -0.011(1.00) 0.011(1.00) -0.003(1.00) 0.003(1.00)
Birth weight for length (z-score) -0.006(1.00)  0.006(1.00) -0.003(1.00)  0.004(1.00)
N of observations 200 477 188 178 187 532 176 536




*Descriptive statistics for BirthData (full sample).
Mean and (standard deviations).

SEP, socioeconomic position.



Table 2. Descriptive statistics for young adult men according to sex of the preceding sibling

Older brother Older sister
Socio demographic
Conscription age (years) 18.2(0.4) 18.2(0.4)
Birth year 1965.5(6.6)  1965.5(6.6)
Birth order 2.6(1.0) 2.6(1.1)
Birth interval (years) 3.8(2.3) 3.8(2.3)
Maternal age (years) 28.8(5.1) 28.8(5.1)
High SEP (%) fathers/mothers 31.0/14.8 30.9/14.8
Anthropometrics
Height (cm) 179.15(6.5)  179.22(6.5)
Weight (kg) 69.86(10.4)  69.68(10.3)
BMI (kg/m?) 21.74(2.9) 21.67(2.8)
Elbow flexion strength (N) 391.5(84.6) 391.9(84.2)
Hand grip strength (N) 618.1(97.8)  618.9(97.2)

Knee extension strength (N)

574.4(118.7)

575.1 (117.6)




N of observations 260 263 246 063

*Descriptive statistics for AdultData (full sample).
Mean and (standard deviations).

BMI, body mass index; SEP, socioeconomic position.



Table 3. Regression coefficients and standard errors for the differences in birth weight and length according to sex of the preceding sibling

(reference category sister).

Full sample Restricted sample
At least one older brother Only second born status

Unadjusted Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Boys
Birth weight (g) -18.44¢(1.74)  -18.31%(1.75) -9.63%(1.51) -18.2042.22) -9.07¢(1.91) -20.88%2.28)  -9.81%(1.96) -22.13%2.48) -10.83%2.14)
Birth length (cm) -0.08¢(0.01) -0.08%0.01) -0.04%0.01) -0.07¢(0.01) -0.03¢(0.01) -0.08(0.01) -0.04%0.01) -0.09¢(0.01) -0.04%0.01)
Birth weight (z-score) -0.034¢(0.003)  -0.034%0.003) -0.018%(0.003) -0.034¢(0.004)  -0.017%0.004) -0.039¢(0.004)  -0.019¢(0.004) -0.042¢(0.005)  -0.020%0.004)
Birth length (z-score) -0.034¢(0.003)  -0.034%0.003)  -0.018%(0.003) -0.033%(0.004)  -0.015%0.004) -0.038°(0.004)  -0.017¢(0.004) -0.039¢(0.005)  -0.017¢(0.004)
Birth weight for gestational age (z-score)  -0.022°(0.003)  -0.023¢(0.003) -0.022¢(0.004) -0.024¢(0.004) -0.027¢(0.005)
Birth length for gestational age (z-score) ~ -0.022°(0.003)  -0.023¢(0.003) -0.020¢(0.004) -0.022¢(0.004) -0.023¢(0.005)
Birth weight for length (z-score) -0.012¢0.003)  -0.012%0.003)  -0.006(0.003) -0.016°(0.004)  -0.010%(0.004) -0.016°(0.004)  -0.009%(0.004) -0.020(0.005)  -0.013°(0.005)
Girls
Birth weight (g) -9.10¢(1.72) -8.90%(1.72) -2.51(1.52) -8.38%2.19) -1.44(1.92) -11.5342.39)  -3.18(-3.18) -11.82¢2.45) -3.35(2.15)
Birth length (cm) -0.04¢(0.01) -0.03%0.01) -0.01(0.01) -0.04¢(0.01) -0.01(0.01) -0.04¢(0.01) -0.01(0.01) -0.05¢0.01) -0.01(0.01)
Birth weight (z-score) -0.018%0.003)  -0.017°(0.003)  -0.005(0.003) -0.017¢(0.004)  -0.003(0.004) -0.023¢(0.005)  -0.006(0.004) -0.023¢(0.005)  -0.007(0.004)
Birth length (z-score) -0.016°(0.003)  -0.016%0.003)  -0.004(0.003) -0.017¢(0.004)  -0.004(0.004) -0.021¢(0.005)  -0.005(0.004) -0.023¢(0.005)  -0.007(0.004)
Birth weight for gestational age (z-score)  -0.007(0.003)  -0.007(0.003) -0.005(0.004) -0.009(0.005) -0.009(0.005)
Birth length for gestational age (z-score)  -0.006(0.003)  -0.006(0.003) -0.006(0.004) -0.008(0.005) -0.009(0.005)
Birth weight for length (z-score) -0.007%(0.003)  -0.007(0.003)  -0.002(0.003) -0.005(0.004)  0.000(0.004) -0.010%0.005)  -0.004(0.005) -0.008(0.005)  -0.002(0.005)

For the restricted sample, “at least one older brother” included individuals with one older brother (n = 220,956) and with more than one older

brother (n =31,503).



4P<0.05

°P<0.01

°P<0.001

Model 1. Adjusted for birth year, birth interval, birth order and maternal age.

Model 2. Additionally adjusted for gestational age.



Table 4. Regression coefficients and standard errors for the differences in adult anthropometrics according to sex of the preceding sibling

(reference category sister).

Full sample

Restricted sample

Model 1

Model 2

Model 1 Model 2

At least one older brother

Only second born status

Model 1 Model 2

Model 1 Model 2

Unadjusted
Weight (kg) 0.17¢(0.03)
Height (cm) -0.07¢(0.02)
1gBMI*100 0.31¢(0.03)

Elbow flexion strength (N)  -0.41(0.24)
Hand grip strength (N) -0.80°(0.27)

Knee extension strength (N) -0.75%0.33)

0.175(0.03)
-0.074(0.02)
0.315(0.03)
-0.40(0.24)
-0.765(0.27)

-0.77%0.32)

0.16%0.03)
-0.074(0.02)
0.315(0.03)
-0.40(0.24)
-0.74%(0.28)

-0.75%0.32)

0.175(0.03)  0.17%0.03)
-0.07°(0.02)  -0.07¢(0.02)
0.315(0.04)  0.31%(0.04)
-0.41(0.26)  -0.38(0.26)
-0.78°(0.30)  -0.78%(0.30)

-0.75%(0.35)  -0.78%0.35)

0.16°0.03)  0.15%0.03)
-0.17(0.02)  -0.10%(0.02)
0.395(0.04)  0.315(0.04)
-0.009(0.26) -0.53(0.27)
-1.30%0.30)  -1.07°(0.31)

2.27%0.36)  -1.06°(0.37)

0.19°0.04)  0.19°(0.04)
-0.09(0.02)  -0.09(0.02)
0.36°(0.04)  0.375(0.04)
-0.43(0.30)  -0.39(0.30)
-0.68(0.35)  -0.67(0.35)

-0.38(0.41)  -0.40(0.41)

For the restricted sample, “at least one older brother” included individuals with one older brother (n = 208,944) and with more than one older

brother (n = 42,435).
4P<0.05
®P<0.01

°P<0.001

Model 1. Adjusted for birth year, conscription age and conscription centre.



Model 2. Additionally adjusted for birth order, birth interval and maternal age.
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