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Abstract

Objectives: Males, as the more expensive sex, constitute ia dramaternal resources
and elicit an immune response during pregnancychviriay have negative consequences
on subsequent siblings. Thus, the sex of the pnegedibling may influence an
individual’s fitness, and, in fact, individuals Inoafter a brother have been shown to have
lower reproductive success in historical populaiofhe aim of the present study is to
examine whether being born after a brother verdigs a sister differentially impacts
reproductive outcomes in a contemporary population.

Methods: A questionnaire was used to collect data on raprteke health and family
history from 951 women and 380 men between 20 @hd/eéars of age in villages
throughout the Mogielica Human Ecology Study Sitesbuthern Poland. Number of
children, number of sons and daughters, age at ntlemaage at marriage, age at
menopause, and age at first and last reproductiere wested as components of
reproductive success.

Results: The sex of one’s preceding sibling had no staadii significant impact on any
of the reproductive characteristics tested.

Conclusions. Our results suggest that potential immunologicald anutritional
disadvantages experienced during prenatal lifendwiduals born after male siblings do

not have long-lasting effects in modern, well-nehé&d populations.



Introduction

Studies conducted on data from historical poporteti demonstrate that an
individual's reproductive success may be influenbgadhe sex of his or her preceding
sibling. In pre—industrial Finland, both men and mem born after a brother had
diminished lifetime reproductive success, includmdower chance of reproducing, a
later age at first reproduction, and longer intehbintervals (Rickard et al., 2007,
Rickard et al., 2009). This relationship may belax@d by the fact that producing a son
has a higher energetic cost for a mother than mindua daughter. Male infants are
characterized by a faster intrauterine growth (tarsal et al., 1996) and a heavier birth
weight (de Zegher et al., 1999). In addition, mathpregnant with sons have a 10%
higher energy intake than those pregnant with d@ughsuggesting that male fetuses
require more energy than female fetuses (Taminal.et2003). These energetic costs
associated with male offspring, which may resulniaternal depletion, could also have a
negative effect on subsequent siblings.

Besides energetic costs, male fetuses may alsodmauemunological impact on
their mothers. It has been hypothesized that armatémmune response to the H-Y
antigens occurs during pregnancy with a male fedunsl its effect may last for many
years after pregnancy. H-Y antigens (which areteatanly on male cell surfaces) may
enter a mother’s circulatory system and lead taiced birth weight in successive males
born after a brother (Co6té et al., 2003). Redustiam birth weight have also been
documented in girls born after brothers (Nielsenakt 2008), suggesting that both
immunological and energetic mechanisms contribotethe compromised biological
condition of subsequent siblings. Moreover, Nielse@l. (2010) showed that the risk of
stillbirth was higher in women who have previouglyen birth to a boy, pointing to the
maternal immune response to the male—specific amtigs a possible mechanism.

In contemporary populations, only the effect ohtatumber of older brothers on
an individual's reproductive success was investigatMilne and Judge, 2011; Mace,
1996), but no studies, to our knowledge, have emadhithe impact of the preceding
sibling’s sex on reproductive success. We invetigdnat effect the sex of the preceding

sibling has on components of reproductive success fjumber of children, age at



menarche, age at first and last reproduction) af arel women in a contemporary Polish
rural population.

M ethods

The study was conducted between 2003 and 2013 @radevillages characterized
by a high birth rate within the Mogielica Human Exgyy Study Site in southern Poland
(Jasienska, 2013. p. 29-32). Most families in thgpulation still practice small-scale
subsistence farming, in addition to other incomeegating activities. Many people are
involved, at least seasonally, in activities remgjrhigh levels of energy expenditure, but
due to sufficient energy intake have good nutrdiostatus (Jasienska and Ellison, 2004;
Jasienska 2013). A questionnaire was used to gatfemation on reproductive and
family history from 1331 individuals 20-92 yearsl.oExclusion from the study occurred
if there was a lack of information on birth ord&=165) and if the individual was an
only child (N=30) or the first-born in their familfN=274). The study sample was
divided into 4 groups based on the sex of the iddal and the sex of his or her maternal
preceding sibling: 300 women born after a sist@f @omen born after a brother, 121
men born after a sister, and 116 men born afteothér.

All the differences in reproductive characteristlwstween groups of men and
women born after a brother versus those born aft@ster were tested with analyses of
covariance (ANCOVA), with age as a potential comider. Previous studies, including a
study conducted at our study site, show that ethrcahay impact life history events
(Colleran et al. 2014). Therefore, the durationediucation (number of years) was
included in all models, except for models of agenm#narche and menopause. The
differences in age at marriage and age at firstiastdreproduction were tested for groups
of individuals born after a brother versus a sjstaparately for men and women.
Additionally, we tested differences in age at mehar age at natural menopause, and
mean interbirth intervals for women. Lastly, we lgpad differences in number of
children, number of sons (controlled for numbedatighters), and number of daughters
(controlled for number of sons) separately for med women in models with Poisson
distributions.

For the analysis of age at menopause, we incluagdwomen who reported a

natural cause of menopause (119 born after a bratiek 102 born after a sister). In the



analyses of number of children, number of daughteusnber of sons, and age at last
reproduction, we included only 188 women who wémbagh a natural menopause and
whose husbands survived at least until their memsgaln similar analyses for men, we
included 54 men whose wives survived until natarehopause. We included the criteria
of having a surviving spouse because death of pbese negatively affects chance of

reproduction. Statistical analyses were conducsgaguStatistica package version 9.0.

Results

Individuals born after a sister did not differ imetr reproductive characteristics
from those born after a brother. The sex of arviddal’s preceding maternal sibling had
no statistically significant effect on age at mage, age at first and last reproduction,
number of children, number of sons (controlling famber of daughters), or number of
daughters (controlling for number of sons) (TablePLvalues ranged from 0.12 to 0.96
for the different reproductive characteristics. eh#vas also no statistically significant
difference in age at menarche, age at natural nersg) or mean interbirth intervals

between women born after sister and women born lafteher.

Table 1. Comparison of reproductive characterisifagroups of men and women born after a brother
versus born after a sister. Predicted values bfasedmodels adjusted for age and years of education

Women Men
Born after Born after
Brother Sister Brother Sister
adj adj Fly’ P adj adj Fly? P
mean(SE) mean(SE) mean(SE) mean(SE)
Age at menarche 14.6(0.08) 14.6(0.08) 0.006 0.96
Age at marriage 23.3(0.24) 22.9(0.24) 0.76 0.39 26.4(0.34) 2744p. 1.23  0.27
Age at first reproduction 23.9(0.23) 23.7(0.22) 0.24 0.62 27.3(0.39) 2843p. 2.39 0.12
Number of children 4.5(0.24) 4.7(0.24) 0.35 0.55 4.5(0.38) 5.0(0.61) 0.09 0.76"
Number of sons 2.6(0.19) 2.5(0.17) 0.70 0.40 2.4(0.29) 2.5(0.38) 0.06 0.81"
Number of daughters 2.1(0.14)  2.0(0.16) 0.01 0.94 2.1(0.24) 2.5(0.36) 0.30 0.58"
Age at last reproduction 34.4(0.62) 34.5(0.62) 0.42 052 39.8(1.22) 39.7(1.14) 050 0.8
Mean interbirth interval 40.3(2.21) 41.3(3.34) 0.04 085

Age at natural menopause 51.0(0.37) 50.7(0.34) 0.42 052

T included 102 women born after a brother and 86 hfter a sister, who had natural menopause andevhusbands
survived until their menopause

ttincluded 28 men born after a brother and 26 bfier a sister, whose wives survived until natarehopause

" adjusted only for age

 results based on analyses with Poisson distributio



Discussion

In our study the sex of one’s preceding sibling mlod significantly influence the
components of reproductive success (number of r@mldnumber of sons, number of
daughters, age at menarche, age at marriage, agenaipause, and age at first and last
reproduction) in the contemporary Polish rural dapan. Previous studies have
demonstrated that such a relationship exists itofesl populations. For example, men
and women in pre—industrial Finland experiencedraetesed lifetime reproductive
success, including a lower chance of reproducinigter age at first reproduction, and
longer interbirth intervals when born after a bestfRickard et al., 2007; Rickard et al.,
2009). Additionally, Nitsch et al. (2013) found tivehile lifetime fithess was reduced by
the presence of same—sex elder siblings, it wasased by the presence of opposite—sex
siblings.

In modern populations, the sex of one’s precedibling has been shown to have
an effect on birth weight, with male newborns bafter older brothers weighing less at
birth than those born after older sisters (Cété@lgt2003). Furthermore, in adulthood,
both males and females born after a brother weoeteshthan individuals born after a
sister (Rickard, 2008). Since men’s adult heightiignown correlate of reproductive
success (Pawtowski et al., 2000), it is possibé the sex of the preceding sibling could
have an effect on reproductive outcomes. A recertyson over 500,000 Swedish men
confirmed that those born after a brother weretéighnd shorter at birth than those born
after a sister (Jelenkovic et al., 2014). Howeveported differences, while statistically
significant, were most likely too small (10 g an@0cm) to have any biological impact
on the condition of an individual.

Sons are more energetically demanding than darggi{iMarsal et al., 1996;
Tamimi et al., 2003), but these higher energetstare especially evident in mothers
with poor nutrition (Jasienska, 2013, p. 131-1710)this well-nourished contemporary
Polish population, adequate nutrition (Nenko andiedeka, 2009) could potentially
offset the costs experienced by a mother duringptBeious pregnancy with a male fetus.

Therefore, it is likely that a fetus during nexégnancy would not be affected.



Cultural norms in historical populations, wherestiborn or elder male offspring
received most of the family’s resources, may hawvatrdbuted to their heightened
reproductive success. However, these customs asepl®minent in our contemporary
Polish population. Nowadays in rural Poland, oldele children are not heir to their
entire family’s inheritance. Therefore, later bahildren are as likely to find a mate and
start a family as their elder brother. The relevadvantages in nutrition and cultural
custom may explain why being born after a brothesdnot appear to be a reproductive

handicap in this well-nourished contemporary ripagulation.
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