
In almost all human populations, there is a slight excess 
of males at birth. On a population level, sex-ratio at birth 

(SRB) under normal conditions is strikingly stable, seldom 
varying significantly from values roughly between 1.020 and 
1.083 [1,2]. Modern reproductive technology has made prena-
tal diagnosis widely accessible and has led to recent skewed 
SRB in certain populations [3].

Biological and environmental factors that have been suggest-
ed to alter the SRB and increase the odds of giving birth to a 
boy include older maternal age [2], high maternal and/or pater-
nal social rank, female assertiveness [4], increased frequency of 
sexual intercourse [5], and birth during the summer months [1].  
Factors that were associated with increased odds of giving birth 
to a girl included higher birth order, older paternal age [2], geo-
graphic origin [6], and certain paternal occupations [7,8].

The SRB of mammals is related to paternal and maternal 
hormone levels at conception. According to this hypothesis, 
high concentrations of testosterone and estrogen increase the 
probability of a giving birth to a boy and high concentrations 
of gonadotropins and progesterone increase the probability of 
giving birth to a girl [9,10]. Therefore, it has been hypothesized 
that the probability of a conceiving a boy is higher early and late 
in the menstrual cycle and the probability of conceiving a girl 
is higher in the middle of the cycle. By analyzing families with 
up to nine consecutive offspring of the same sex we aimed to 
assess the possible existence of skewing toward a specific sex 
of offspring in certain families. 

This retrospective cohort study included all parturients with at 
least one live-born infant who gave birth at one of two campuses 
of a tertiary medical center between 2003 and 2015. Data were 
collected from the comprehensive perinatal database of the ter-
tiary medical center. Data regarding the sex of each offspring of 
the family as well as the sex of the current baby were obtained 



for each parturient on admission to the delivery room. To avoid 
duplicity, data were collected only from the most recent delivery 
of each parturient.

Inclusion criteria included women with live newborn babies, 
singletons in current and all past deliveries, and complete re-
cords. We excluded from the analysis parturients who under-
went missed abortions, termination of pregnancy, intrauterine 
demise, and molar pregnancies.

We calculated the SRB for the entire population including all 
offspring from all families that were born during or before the 
study period (reference SRB). We then calculated the SRB for 
each level of parity and compared it to the reference SRB.

We hypothesized that if a subset of the population has a natu-
ral predilection toward a specific sex, then their relative repre-
sentation in the entire population will be higher than expected. 
Hence, we calculated the prevalence of same-sex offspring fam-
ilies with up to nine consecutive offspring and compared that 
to the expected prevalence based on the reference SRB. Next, 
we calculated the SRB of the next-born offspring in same-sex 
offspring families and compared to the reference SRB.

We calculated the effect of the calendar month of the delivery 
(as a proxy to the calendar month of conception), the year of 
delivery, and the inter-delivery interval (as a proxy for maternal 
age) on the SRB of all babies born during the study period.

Dichotomous variables were analyzed with the chi-square test 
to determine whether ratios of each outcome differed from ex-
pected. As families with unisexual sibship of a certain number of 
offspring were utilized for multiple comparisons (comparisons 
of one for each additional offspring) the Bonferroni correction 
was applied to control for the family-wise error rate. Statistical 
analyses were performed using the IBM Statistical Package for 
the Social Sciences statistics software, version 21 (SPSS, IBM 
Corp, Armonk, NY, USA). A  value of < 0.05 was considered 
significant. 

The study was approved by the Human Research Ethics Com-
mittees of the Hadassah University hospital (IRB approval 
number: HMO-0620-15) and conforms to the provisions of the 
Declaration of Helsinki. 



Of the 193,411 eligible babies born to 66,066 families, 99,391 
(51.3%) were male and 94,020 (48.7%) were female, represent-
ing an SRB of 1.057 in favor of males. This ratio was referred 
to as the reference ratio.

To analyze the effect of parity we calculated the SRB per 
each parity level: 1–10. The SRB of the first to tenth delivery 
ranged between 1.005–1.114, representing a male and female 
fraction of 50.14–52.69% and 47.31–49.86%, respectively. 
None of the calculated SRBs differed significantly from the ref-
erence SRB [Table 1] signifying no effect of parity.

We then compared the observed prevalence of same-sex 
families (out of all families with a similar number of offspring) 
with the expected prevalence. After a Bonferroni correction 
none of the comparisons was statistically significant [Table 2].

The SRB of the subsequent offspring in families with a uni-
sexual sibship of only-male or only-female offspring remained 
similar to the reference SRB, regardless of the number of previ-
ous same-sex offspring [Table 3].

A separate analysis, including variables that were previously 
reported to affect SRB was conducted. This analysis also did 
not show any significant differences between the expected and 
observed SRBs in the different inter-delivery interval [Table 4] 
and month or year of birth.

The population of the study comprised of a large proportion 
of great grand multiparas, mainly religious Jews and Muslims, 
provided us with a unique opportunity to investigate the ques-
tion of sex preponderance.

 



The main finding of this study is that there is no predisposi-
tion for same-sex offspring, even in large families with multiple 
offspring of the same sex. We found a slight natural sex skewing 
toward males (51% vs. 49%). This observation might be related 
to the ratio of X and Y bearing sperms. Studies that have inves-
tigated the X and Y bearing sperm ratio have shown conflicting 
results [11,12]. However, more recent studies conducted with the 
use of fluorescence in situ hybridization technology have shown 
no difference in the X and Y ratio [13,14]. A large study [15] 
that used polymerase chain reaction technology to identify the 
spermatozoa status by amplifying the putative testis determin-
ing gene demonstrated a ratio of 51.0% Y- and 49.0% X-bearing 
spermatozoa. This ratio is identical to the SRB found in ours and 
other studies evaluating SRB. Interestingly, like our epidemiolog-
ical observation of the same statistical probability for a boy or 
a girl in the next-born offspring, even in families with multiple 

same-sex offspring, a study performed in ejaculates of men with 
three or more children of the same sex showed no difference in 
the X-bearing sperm proportion for men with only daughters or 
Y-bearing sperm proportion for men with only sons. Moreover, 
several studies have evaluated the relation between sperm count 
and SRB and demonstrated that morphology and motility are not 
associated with sex ratio [16,17].

We showed that families with a previous sequence of same-
sex offspring have a similar probability to the general popula-
tion for a boy or a girl is consistent with previous reports. Ma-
conochie and Roman [18], who analyzed all hospital deliveries 
in Scotland between 1975 and 1988 in families with up to five 
children, also showed no sex preponderance. They found that 
SRB appeared to be remarkably robust. There was no evidence 
to suggest that any naturally occurring factors, including birth 
order, maternal age, maternal height, paternal or maternal social 



class, year of delivery, or season of birth, was associated with 
an alteration in the SRB. Our results oppose the results showed 
by Garenne [19] who studied sub-Saharan African families with 
up to 8 sibships and showed that sex ratio varies according to 
family composition and that there was a gradual increase or 
decrease in sex ratio (male:female ratio) from first to eighth 
birth in families with only-boys or only-girls, respectively. In 
that study the author mentioned that sex heterogeneity found 
in Africa seems somewhat smaller than elsewhere, and claims 
narrower heterogeneity in Africa may be genuine, or may be due 
to more frequent marital changes, which could imply that chil-
dren of the same mother do not necessarily have the same father. 
According to that study, overall sex ratios in Africa are very low 
by international standards. The author summarized that the large 
differences found in his analysis must be due to some strong 
underlying factors. Biological factors are the likely candidates 
to explain the pattern, and in particular the strong asymmetry 
favoring females.

Some popular theories hypothesized that factors such as vag-
inal acidity levels or certain diets may have an effect on the sex 
of the embryo. Although we do not have data to prove those 
methods, it is likely that parents of multiple same-sex children 
have tried some or all of the factors. Our findings may imply 
that those methods are inefficient for sex selection.

Timing of sexual intercourse in relation to ovulation was also 
proposed as a factor that might have an impact on the sex of 
the forthcoming embryo. The fact that we did not find a higher 
prevalence than expected of families with same-sex offspring 
speaks against the theory of timing of conception.

There are disagreements in the literature regarding the im-
pact of maternal or paternal age on the SRB, with some studies 
showing no effect, while other favor a minor effect [2,20-22]. 
The effect of assisted reproductive technology use on sex ratio 
showed no impact on the overall SRB [23]. As these factors are 
too weak to explain families of unisexual sibship, we did not 
include them in the analysis of the SRB. Rather, we assumed 
maternal parity could serve as a proxy to these factors. When 
analyzing our data separately for birth order, time interval be-
tween births, and year and month of birth, the SRB was consis-
tently similar and did not deviate significantly from the refer-
ence SRB.

Over the last few decades, SRB has been skewed in some parts 
of the world, as a result of male offspring preference, available 
by the technology of pre-implantation genetic diagnosis (PGD) 
[24]. Although women who underwent fetus sex selection in a 
PGD process due to sex-linked inherited diseases could have been 
included in this study, such cases were extremely rare and would 
have a minor effect in such a large study population.

 



Most of our study participants were either Jewish Orthodox 
or Muslims who normally refrain from induced abortions. Thus, 
our database accurately represented the naturally occurring SRB. 
A unique feature in our dataset was the presence of a relative-
ly large number of families with same-sex offspring born to the 
same mother, which enabled us to examine the popular theory 
that some women have a natural predisposition toward offspring 
of the same sex. As the divorce rate among Jerusalem families 
(both Jews and Muslims) is about 20% [25], the vast majority of 
offspring of a particular mother were also born to the same father.

One limitation was the exclusion of cases of abortions, in-
tra-uterine fetal deaths and stillbirths, and the exclusion of 
women who had multiple gestation pregnancies. Another lim-
itation of this study was its retrospective design. However, the 
strength of this study was the relatively high proportion of grand 
multiparity in our dataset.

We did not find evidence for the existence of parents with a nat-
ural predilection toward unisexual sibship. The field of sex-ratio 
at birth remains enigmatic despite numerous studies that were 
based on very large populations for more than 50 years, with 
more questions than answers. Research should be aimed at de-
termining biologic factors that govern the selection of a particu-
lar sperm over the other in the fertilization process.


