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Abstract
Background: Offspring sex ratio (OSR) serves as an important social factor, and various other factors are hypothesized to be associated with it, such as maternal diet, time of ovulation and insemination, environmental phenomena, parental age, and infertility
treatment.
Objectives: This research was performed to assess the association between mothers’ menarche age, first pregnancy age, and sex
ratio of first offspring.
Patients and Methods: In this retrospective study, 2,000 Iranian women of reproductive age were recruited to assess their menarche age, first pregnancy age, and first OSR.
Results: The mean age of the participants was 29.6 ± 7.09, their mean menarche age was 13.25 ± 1.21, and the mean age of their first
pregnancy was 23.9 ± 4.35. Total OSR was 0.932. The OSR (calculated as the proportion of male to female offspring) was higher when
the menarche age was younger (P < 0.05). In women of younger pregnancy age, the OSR was higher (P < 0.05). First pregnancy age
was younger in women with a menarche age under 13 years (P < 0.05).
Conclusions: Women of younger menarche age will have younger first pregnancy ages and a greater chance of having a male first
offspring.
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1. Background
The age of the onset of menarche is affected by various
factors, the most important of which have proven to be nutritional and health status, quality of life, socioeconomic
status, and body size (1-3). There are also a number of others that include genetic, racial and geographic factors (4,
5) and maternal or paternal factors, such as the mother’s
menarche age, maternal age at the child’s birth, parents’
smoking during pregnancy, etc. (6, 7). Girls with better
socioeconomic status and higher body mass index (BMI)
seem to have earlier menarche, which is hypothesized to
be associated to hormone mediators (8, 9). These factors
make the mean menarche age variable in different societies.
Offspring gender is an important ecological issue in societies, as it may influence the family size (10), parents’ behavior and care, and governmental strategies (11).
The offspring sex ratio (OSR) is reported to be variable
in different societies and in different eras. Fukuda has reported a male to female sex ratio of 1.04 in Japanese society
in 2002 and 2011 (12, 13). But, some countries have reported
decreasing or increasing OSR during recent decades (14,
15). The latest studies of OSR in Iran were obtained in

2002 and reported an OSR of 0.52 in 1976, which decreased
slightly in 2000 due to the Iran-Iraq War (16). However, no
recent studies are available on the OSR of the Iranian population.
Studies have associated many factors to offspring gender, such as birth order, paternal age, digit length ratio
(17, 18), parental hormone levels, drugs and toxins (19-21),
maternal nutrition, physical and or mental health status
(22, 23), time of intercourse, and infertility treatment (24,
25). Although some factors are hypothesized to be associated with sex ratio, the mechanisms remain unclear, although Navara (23) has reviewed some possible mechanisms. Recent studies have associated mother’s menarche
age to child’s gender (13).
In societies like Iran, where the gender of the child is
of great importance for families and has a great impact on
the society, assessing the determinants of sex ratio is valuable. Thus, we intended to assess the possible association
between mother’s menarche age and sex ratio of the offspring, identifying the sex ratio of offspring, which has not
yet been reported in Iran, as far as we know.
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2. Objectives
This research was performed to assess the association
between mothers’ menarche age, first pregnancy age, and
sex ratio of first offspring.

3. Patients and Methods

Table 1. Characteristics of Study Population (n = 1664)a

Characteristics
Age

29.6 (7.09)

Gravidity

1.71 (1.00)
1.59 (90.88)

Parity

13.25 (1.21)

Menarche age

This study retrospectively assessed all Iranian women
of reproductive age who were referred from 2010 to 2014
to Akbarabadi and Rasule Akram hospitals in Tehran, Iran
and Kasra hospital in Karaj, Iran. Cases included women
who had at least one child that was born after 20 weeks of
gestation. Patients with a history of infertility, endocrine
disorders, and polycystic ovarian syndrome and patients
who used assisted reproductive techniques for their first
pregnancy were excluded from analysis. From the 2,000
women included in our study, demographic data, including mother’s age, parity, gravidity, menarche age, gender
of children, and age at first delivery were collected. The
protocol of the study was approved by the ethics committee of Iran University of Medical Sciences. Written, informed consent was obtained from all participants.
3.1. Statistical Analysis
Numerical variables were reported as mean ± standard deviation (SD) when normally distributed, otherwise
as median plus range. The chi-square test was used to evaluate the association between menarche age categories and
first offspring sex. P ≤ 0.05 was considered to be statistically significant. All analyses were performed using SPSS
for Windows version 14 (SPSS Inc., Chicago, IL, USA).

4. Results
Analysis was performed on the complete data of 1,664
of the 2,000 women included in our study. Mean age of the
study population was 29.6 ± 7.09. Mean menarche age and
parity were equal to 13.25 ± 1.21 and 1.59 ± 0.8, respectively.
Of all participants, 971 (57.9%) were 25 - 35 years of age,
and 441 (26.5%) were 15 - 25 years of age. In this study, the age
at menarche in 18.4% (307) of the participants was under 13
years, 77.2% (1,285) between 13 - 15, and 4.4% (72) over 15 years
of age. Characteristics of the study population are shown
in Table 1.
The OSR was also calculated as the proportion of male
to female sex, which was 0.932 in this study population.
The OSR was higher when the menarche age occurred earlier. This means that there is a first offspring sex trend toward the male sex when menarche occurs at an earlier age.
Table 2 demonstrates the OSR in different menarche age
2

Menarche age, No. (%)
< 13 years

307 (18.4%)

13 - 15 years

1,285 (77.2%)

> 15 years

72 (4.4%)

BMI

25.22 (5.03)

Age of first pregnancy

23.09 (4.35)

Age of first pregnancy, No. (%)
< 20 years

378 (22.9)

20 - 30 years

1,051 (63.2)

> 30 years

232 (13.9)

First OSR, male/female

0.932

a

Values are expressed as mean (SD) unless otherwise indicated.

categories. This difference was statistically significant, as
shown in the
The OSR is also influenced by first pregnancy age. As
shown in Table 2, in early pregnancy ages, OSR would be
higher, which means first offspring sex has a statistically
significant trend toward male when pregnancy age is earlier.
When the first pregnancy age for different menarche
ages were compared, it showed an earlier pregnancy age in
women with a menarche age under 13 years old. First pregnancy age was 23.62 ± 4.49, 24.50 ± 4.48, and 24.30 ± 5.69
in women with a menarche age < 13 years, 13 - 15 years, and
> 15 years, respectively. This difference was statistically significant (P = 0.005).

5. Discussion
This study found that women with an earlier menarche
age will have an earlier first pregnancy age. The OSR was
higher when the menarche age was younger, which means
that there is a first offspring sex trend toward male when
the menarche age is younger. At earlier pregnancy ages,
OSR was higher, which means that there is a first offspring
sex trend toward male when the pregnancy age is younger.
The mean age of menarche is reported to vary among
different nations. With Egyptian girls, it ranges from 12
- 13.7 years of age (3), and in Iran, it was estimated to be
Shiraz E-Med J. 2016; 17(1):e37365.
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Table 2. First OSR in Different Menarche Ages and Different Pregnancy Ages

First OSR (Male/Female)

P Value

0.932

Total

0.0001

Menarche age, y
< 13

1.16

13 - 15

0.94

> 15

0.35

< 20

1.31

20 - 30

0.54

Acknowledgments

0.7

around 13 years of age in a review done in 2002 (26). In this
study, the mean menarche age was 13.25 ± 1.21, which was
in line with previous results.
The first male to female OSR was 0.932 in this study
population. This shows female dominancy in the studied
population. A decline in male to female OSR has been reported in many countries, including Denmark, England,
the USA, Germany, and Japan (14, 27-30). The etiology of the
male sex reduction rate is not yet known, but it seems to be
multifactorial. Chronic exposure to toxic environmental
agents, including tobacco smoke (13), and generally high
stress situations, such as that witnessed in connection with
the Kobe earthquake in Japan (31), or after the Bam earthquake in Iran (32), could be responsible. Some studies have
also associated parental age to OSR. Matsuo et al. have investigated 3,049 deliveries, and they found a male dominant OSR in Japanese society and have proposed that older
parental age is associated with reduced OSR (32). In this
study, the male to female OSR was 0.932, and this is consistent with the other studies that show male dominancy at
younger pregnancy ages.
As this study’s results show, women at earlier menarche ages have a higher probability of giving birth to a
boy as their first offspring. Fukuda et al. studied 10,847
premenopausal women in 2011, and they concluded that
women entering menarche outside the normal age range,
especially those with earlier menarche, may have an increased chance of producing female offspring (13). In contrast, this study shows earlier menarche age (under 13)
causes the sex ratio of the offspring to trend towards male.
However, in line with their study, this study shows that a
menarche age over 15 trends toward the first offspring being female. This difference may be caused by the different
study population ages. Their participants had a mean age
of 37.5 ± 7.2, compared with 29.6 ± 7.09 in this study.
Shiraz E-Med J. 2016; 17(1):e37365.

As OSR is an important social factor, larger studies in
different ethnic populations are required to assess the exact associations between menarche age, first pregnancy
age, and offspring sex ratio and also to evaluate other possible underlying mechanisms.

0.0001

Age at first pregnancy, y

> 30

5.1. Conclusion
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hospital in Karaj, Iran.

Footnotes
Authors’ Contribution: All authors have contributed
equally to this study.
Financial Disclosure: All authors declare that they have
no conflict of interest.
Funding/Support: This article has been extracted from a
research project approved and supported by the Iran University of Medical Sciences

References
1. Sharma K, Talwar I, Sharma N. Age at menarche in relation to adult
body size and physique. Ann Hum Biol. 1988;15(6):431–4. [PubMed:
3250324].
2. Khan AD, Schroeder DG, Martorell R, Rivera JA. Age at menarche
and nutritional supplementation. J Nutr. 1995;125(4 Suppl):1090S–6S.
[PubMed: 7722711].
3. Mounir GM, El-Sayed NA, Mahdy NH, Khamis SE. Nutritional factors affecting the menarcheal state of adolescent school girls in Alexandria.
J Egypt Public Health Assoc. 2007;82(3-4):239–60. [PubMed: 18410710].
4. Zacharias L, Wurtman RJ. Age at menarche. Genetic and environmentalinfluences. N Engl J Med. 1969;280(16):868–75. doi:
10.1056/NEJM196904172801606. [PubMed: 4887077].
5. Perry JR, Stolk L, Franceschini N, Lunetta KL, Zhai G, McArdle PF,
et al. Meta-analysis of genome-wide association data identifies two
loci influencing age at menarche. Nat Genet. 2009;41(6):648–50. doi:
10.1038/ng.386. [PubMed: 19448620].
6. Cho GJ, Park HT, Shin JH, Hur JY, Kim YT, Kim SH, et al. Age at menarche
in a Korean population: secular trends and influencing factors. Eur J
Pediatr. 2010;169(1):89–94. doi: 10.1007/s00431-009-0993-1. [PubMed:
19504269].
7. Shrestha A, Nohr EA, Bech BH, Ramlau-Hansen CH, Olsen J. Smoking
and alcohol use during pregnancy and age of menarche in daughters.
Hum Reprod. 2011;26(1):259–65. doi: 10.1093/humrep/deq316. [PubMed:
21098623].
8. Matkovic V, Ilich JZ, Skugor M, Badenhop NE, Goel P, Clairmont A, et al.
Leptin is inversely related to age at menarche in human females. J Clin
Endocrinol Metab. 1997;82(10):3239–45. doi: 10.1210/jcem.82.10.4280.
[PubMed: 9329346].

3

Haghighi L et al.

9. Macmahon B, Trichopoulos D, Brown J, Andersen AP, Cole P, Dewaard
F, et al. Age at menarche, urine estrogens and breast cancer risk. Int J
Cancer. 1982;30(4):427–31. doi: 10.1002/ijc.2910300408.
10. Wood C, Bean FD. Offspring Gender and Family Size: Implications
from a Comparison of Mexican Americans and Anglo Americans. J
Marriage Fam. 1977;39(1):129. doi: 10.2307/351069.
11. Fullmer EM, Tobin SS, Smith GC. The effects of offspring gender on
older mothers caring for their sons and daughters with mental retardation. Gerontologist. 1997;37(6):795–803. [PubMed: 9432996].
12. Fukuda M, Fukuda K, Shimizu T, Andersen CY, Byskov AG. Parental
periconceptional smoking and male: female ratio of newborn
infants. The Lancet. 2002;359(9315):1407–8. doi: 10.1016/s01406736(02)08362-9.
13. Fukuda M, Fukuda K, Shimizu T, Nobunaga M, Grete Byskov A, Yding
Andersen C. The sex ratio of offspring is associated with the mothers’ age at menarche. Hum Reprod. 2011;26(6):1551–4. doi: 10.1093/humrep/der107. [PubMed: 21467205].
14. Moller H. Change in male:female ratio among newborn infants
in Denmark. The Lancet. 1996;348(9030):828–9. doi: 10.1016/s01406736(05)65253-1.
15. Imaizumi Y, Murata M. The changing sex ratio in Japan. Jinrui Idengaku
Zasshi. 1981;26(2):71–81. doi: 10.1007/BF01871134. [PubMed: 7328850].
16. Ansari-Lari M, Saadat M. Changing sex ratio in Iran, 1976-2000. J Epidemiol Community Health. 2002;56(8):622–3. [PubMed: 12118055].
17. Chahnazarian A. Determinants of the sex ratio at birth: review of recent literature. Soc Biol. 1988;35(3-4):214–35. [PubMed: 3071849].
18. Honekopp J, Bartholdt L, Beier L, Liebert A. Second to fourth digit
length ratio (2D:4D) and adult sex hormone levels: new data and
a meta-analytic review. Psychoneuroendocrinology. 2007;32(4):313–21.
doi: 10.1016/j.psyneuen.2007.01.007. [PubMed: 17400395].
19. Grant VJ. Could maternal testosterone levels govern mammalian sex ratio deviations?. J Theor Biol. 2007;246(4):708–19.
doi: 10.1016/j.jtbi.2007.02.005. [PubMed: 17379251].
20. James WH. Further evidence that mammalian sex ratios at birth
are partially controlled by parental hormone levels around the time
of conception. Hum Reprod. 2004;19(6):1250–6. doi: 10.1093/humrep/deh245. [PubMed: 15105404].

4

21. Beernink FJ, Dmowski WP, Ericsson RJ. Sex preselection through albumin separation of sperm. Fertil Steril. 1993;59(2):382–6. [PubMed:
8425635].
22. Rosenfeld CS, Roberts RM. Maternal diet and other factors affecting
offspring sex ratio: a review. Biol Reprod. 2004;71(4):1063–70. doi:
10.1095/biolreprod.104.030890. [PubMed: 15229140].
23. Navara KJ. Programming of offspring sex ratios by maternal stress
in humans: assessment of physiological mechanisms using a
comparative approach. J Comp Physiol B. 2010;180(6):785–96. doi:
10.1007/s00360-010-0483-9. [PubMed: 20544204].
24. Noorlander AM, Geraedts JP, Melissen JB. Female gender pre-selection
by maternal diet in combination with timing of sexual intercourse–
a prospective study. Reprod Biomed Online. 2010;21(6):794–802. doi:
10.1016/j.rbmo.2010.08.002. [PubMed: 21051285].
25. Sampson JH, Alexander NJ, Fulgham DL, Burry KA. Gender after artificial induction of ovulation and artificial insemination. Fertil Steril.
1983;40(4):481–4. [PubMed: 6617908].
26. Ayatollahi SM, Dowlatabadi E, Ayatollahi SA. Age at menarche in Iran.
Ann Hum Biol. 2002;29(4):355–62. doi: 10.1080/03014460110086817.
[PubMed: 12160469].
27. Dickinson HO, Parker L. Decline in sex ratios at birth, England and
Wales, 1973-90. J Epidemiol Community Health. 1997;51(1):103. [PubMed:
9135799].
28. Allan BB, Brant R, Seidel JE, Jarrell JF. Declining sex ratios in Canada.
CMAJ. 1997;156(1):37–41. [PubMed: 9006562].
29. Parazzini F, La Vecchia C, Levi F, Franceschi S. Trends in male:female
ratio among newborn infants in 29 countries from five continents.
Hum Reprod. 1998;13(5):1394–6. [PubMed: 9647579].
30. Fukuda M, Fukuda K, Shimizu T, Moller H. Decline in sex ratio at
birth after Kobe earthquake. Hum Reprod. 1998;13(8):2321–2. [PubMed:
9756319].
31. Saadat M. Decline in sex ratio at birth after Bam (Kerman Province,
Southern Iran) earthquake. J Biosoc Sci. 2008;40(6):935–7. [PubMed:
18833587].
32. Matsuo K, Ushioda N, Udoff LC. Parental aging synergistically decreases offspring sex ratio. J Obstet Gynaecol Res. 2009;35(1):164–8. doi:
10.1111/j.1447-0756.2008.00836.x. [PubMed: 19215565].

Shiraz E-Med J. 2016; 17(1):e37365.

