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Abstract

Background The onset age of pubertal changes varies widely among girls and has undergone changes over time
around the world. This study aimed to determine the age of onset of puberty in healthy Iranian girls living in Isfahan
province.

Methods This cross- sectional study was conducted among 13,886 students aged 6—18 years. They were selected
by multistage random cluster sampling from urban and rural areas of Isfahan province of Iran. Pubertal stage was
determined according the 5-level Tanner stages proposed by Marshall and Tanner. Trained physicians determined the
breast development through both visual inspection and palpation, in addition, mothers assessed their daughter’s
pubic hair growth using Tanner's Sexual Maturation Scale (SMS) by comparison to standard pictures. The data were
analyzed by the status quo method. Probit regression analysis was used to evaluate the median age of onset for each
characteristic including menarche, breast and pubic hair.

Results A total of 13,886 healthy girls with mean age (SD) of 11.97 (2.9) were studied. Overall 6968 (50.2%) girls
experienced menstruation with a median (95%Cl) age of 12.05(11.88-12.21) years at its onset. The median age for
onset of breast development was 9.89 (95% Cl: 9.77 — 10.02) years and for onset of pubic hair development was 10.14
(95% Cl: 9.88- 10.39) years. The 3rd percentile for breast stage 2 (B2) and pubic hair stage 2 (PH2) was 6.85 and 6.75
years, respectively, and the 97th percentile for B2 and PH2 was 12.94and 13.54 years, respectively.

Conclusion According to our findings, the onset of puberty before 6.85 years should be considered as precocious
puberty for Iranian girls. Our study indicated the secular trend toward earlier menarche in girls. Nationally
representative surveys and longitudinal studies are necessary to determine the exact age of puberty for future
international comparisons.
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Introduction

Puberty is a critical stage of development during which
secondary sexual characteristics are developed and the
capable of reproduction is created in each individual [1].
The physical changes usually began from 8 to 13 years
in girls [2]. Puberty milestones in girls include thelarche
(onset of breast development), pubarche (onset of pubic
hair development) and menarche (first menstruation).
Generally, the first and last signs of puberty are thelarche
and menarche, respectively.

The age of onset of pubertal changes varies widely
among girls around the world and has undergone
changes over time. In addition to genetic or ethnic fac-
tors, environmental factors such as geographical loca-
tion, nutrition and socioeconomic conditions can also
affect the age of puberty [3-5].

Decreasing trend in timing of puberty is observed in
many countries in recent decades, particularly in girls
[6-10].The mean age at menarche(AAM) has decreased
from 15 to 16 to 12—13 during the last two centuries in
Europe [5, 11].Although genetic factors remain relatively
constant, the trend may be related to improved health
and nutritional status over time [10, 12—-15].

Early puberty timing has several adverse health effects
including an increased future risk of depression, anxi-
ety, diabetes, heart diseases, cardiovascular disease and
breast cancer in adult life [16—18]. Furthermore, adoles-
cent girls with earlier pubertal onset may experience psy-
chosocial difficulties such as more risk-taking behaviors,
earlier sexual activity, substance use problems, low aca-
demic achievement [19, 20].

Several studies have been conducted to evaluate age at
menarche in our country. In 2014, a meta-analysis of 44
studies reported that the mean (95% CI) age at menarche
among Iranian girls was 12.81 (95% CI: 12.56-13.06)
years [21]. To our knowledge, a few puberty studies have
been done to assess the age of different stages of puberty
in our country [22-26]. A study conducted among 3192
girls during 2005-2006 in Isfahan, Iran. The median
AAM, B2 and PH2 was 12.65, 10.14 and 10.78 vyears,
respectively [23]. In 2006, a national study conducted in
20 provinces in Iran by Motlagh et al., result showed the
difference in the age of puberty among girls living in dif-
ferent provinces of our country [24].

In order to make clinical judgments and prevent
over-treatment on patients, provide appropriate patient
education and also assessment of secular trend, it is nec-
essary to periodically provide the normal limits for stages
of puberty in each population. In this survey, we aimed
to determine the timing of puberty in a group of Iranian
girls living in Isfahan province.
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Methods

Study population

This cross-sectional study was conducted among 13,886
students aged 6-18 years. They were selected by mul-
tistage random cluster sampling from urban and rural
areas of Isfahan province of Iran from 2021 to 2023. The
first, stratification was done in the province base on the
geographic regions (north, south, east, west and central).
Then, 12 cities including Najafabad, Ardestan, Natanz,
Mobarakeh, Golpayegan, Falavarjan, Shahreza, Ferey-
dunshahr, Shahinshahr, Jarqavieh Sofla, Kuhpayeh and
Harand city were selected randomly from the different
areas of Isfahan province. In addition, the city of Isfahan
was selected as the capital of Isfahan province.

In selected cities, private and public schools were also
selected randomly. In selected schools, all the students
were invited to participate in the study. Participation in
the study was voluntary.

The number of students in each city was determined
according to the student’s place of residence and level of
education (elementary, intermediate and high schools) by
the proportionate sampling.

We enrolled healthy girls with Iranian nationality, resi-
dence in Isfahan province. If they had a history of chronic
diseases, a genetic syndrome and use of medications
that affects pubertal development (e.g., GnRH agonist),
refusal to participate in this study and with missing infor-
mation on puberty timing were excluded from the study.

The study protocol was approved by the ethics commit-
tee of Isfahan University of Medical Sciences. (Approval
code: IRMULMED.REC.1399.176 research project num-
ber 398986). The purposes of the study were explained
to students and their parents, and they were assured that
their information would be kept confidential. Oral and
written informed consent was obtained from all eligible
students and one of their parents, respectively.

The survey was performed with the cooperation and
coordination of Metabolic Liver Diseases Research Cen-
ter and Child Development Research Center (CDRC) at
the Isfahan University of Medical Sciences and depart-
ment of education in Isfahan province and the Health
Center of Isfahan province.

Information was collected by a validated question-
naire, clinical examinations and anthropometric
measurements.

Anthropometric measurements

A trained team of health care measured the weight and
height of students using calibrated instruments accord-
ing to the standard protocols. Students’ weights were
measured with minimum clothing and without shoes to
the nearest 0.1 kg by an electronic scale and height were
measured in barefoot to the nearest 0.1 cm by a non-elas-
tic tape meter. BMI was calculated as weight (kg) divided
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by height (m?). We used the World Health Organization’s
specific BMI curves based on height and age to catego-
rize participants’ BMI. BMI less than 5th percentile as
underweight; BMI between 5th and 85th percentiles as
normal weight; BMI between 85th and 95th percentiles
as overweight and BMI greater than the 95th percentile
as obese [27].

Tanner staging

Pubertal development evaluated by a physician or mater-
nal report using Tanner staging. The breast development
was only assessed according to the criteria of Marshall
and Tanner by trained pediatricians in this study. How-
ever, we were not able to clinically evaluate the tanner
stage of pubic hair, so mothers assessed their daughter’s
pubic hair development using Tanner’s Sexual Matura-
tion Scale. The pubertal stages of breast and pubic hair
development are categorized in 5 stages (B1 to B5, PH1
to PH5, respectively). The onset of breast development
before age 8 years is commonly considered as precocious
puberty globally.

Clinical tanner stage

A pediatric endocrinologist (MH) trained a number
of pediatricians to assess secondary sexual character-
istics. The physicians and the pediatric endocrinolo-
gist (MH) performed clinical breast tanner staging. The
breast development through both visual inspection and
palpation was assessed according to the criteria of Mar-
shall and Tanner [28]. When the breast differed in size
between the two sides, the highest Tanner stage was
used.

Self-assessment of tanner stages

Tanner’s Sexual Maturation Scale (SMS) is a self-report
instrument of puberty [28]. This questionnaire includes a
series of photographs or drawings with explanatory text
of five stages of pubic hair development (Tanner PH1-5).
We previously performed the validity and reliability of
the questionnaire against clinical examination. The Cron-
bach’s alpha of the questionnaires was 0.83. The ICC of
the questionnaires was 0.95 (0.92-0.98) [29].

Using the SMS, mothers assessed their daughter’s pubic
hair development by selecting one of five photographs
showing PH1-PH5. The mothers were asked to complete
the questionnaire by themselves or with their daughter.

Evaluation of menarchal age

Menarche status was assessed during the clinical exami-
nation by two questions:1. Have you started having peri-
ods? (yes, no) 2. How old were you when you had your
first period? The participants were asked to report the
year and month of their first period.
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Statistical analysis

The data were analyzed by the status quo method and
probit regression. The girls were grouped on 6-month age
intervals. For example, the 6.25-year-old girls included
girls aged 6 to 6.5 years.

The proportion of girls within each age group who
had reached a certain event (menarche, B2-B5 and PH2-
PH5) were presented. The median age and percentiles of
the onset for each characteristic were calculated using
probit modelling. Then, we fitted cumulative frequency
curves for each Tanner stage of breast and pubic hair and
menarche with the use of probit analysis. The data were
analyzed by the SPSS software version 18.0 (SPSS Inc.,
Chicago, IL, USA).

Results

A total of 13,886 healthy girls aged 6—18 years with mean
age (SD) of 11.97 (2.9) were studied. The prevalence of
underweight, overweight and obesity was 9.5%, 13.1%
and 15.5% respectively. The number and percentage of
girls according age and their distribution in each of the
breast and pubic hair stages as well as menarche status
are shown in Table 1. About 50.2% of the participants had
experienced their first menstruation.

The prevalence of breast and PH development at Tan-
ner stage 2 or greater at each age group are presented in
Fig. 1. At age groups 6.75, 7.25 and 7.5 years, 4.17, 5.97
and 6.29% of the girls showed evidence of breast stage 2,
respectively. With almost the same prevalence,4.23, 5.76
and 5.98% of the girls had stage 2 pubic hair development
at age groups 6.75, 7.25 and 7.5 years, respectively. Only
0.3%(n =2) of girls aged 8.5-9 years had begun menses.

Results of probit analysis indicated the median ages for
attainment of pubertal stages and menarche (Table 2).
Overall, 6968 (50.2%) girls experienced menses with a
median age(95%CI) of 12.05(11.88-12.21) years at its
onset. The median age for onset of breast development
was 9.89 (95% CI: 9.77 -10.02) years. The median age
for onset of pubic hair development was 10.14 (95% CI:
9.88-10.39) years. The 3rd percentile for B2 and PH2 was
6.85 and 6.75 years, respectively, and the 97th percentile
for B2 and PH2 was 12.94 and 13.54 years, respectively.
Figure 2 presents the reference curves for different sexual
development.

Discussion

The current study conducted to provide normative data
on the timing of puberty among schoolgirls in Isfahan
province. Using probit estimates, our result showed that
median age of the onset of B2 and PH2 was 9.89 (95%
CI: 9.77 -10.02) and 10.14 (95% CI: 9.88— 10.39) years,
respectively. The median AAM was 12.05 (95% CI: 11.88
—12.21) years. Our results show that the onset of puberty,
especially menstruation, occurs earlier than two decades
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Breast development at Tanner stage 2 or greater
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Fig. 1 The study of pubertal stage and age of menarche in girls in Isfahan province, Iran

ago in Isfahan. This suggests a secular trend toward ear-
lier menarche over time.

Median ages at Tanner breast stage 2 have different
patterns across time and geographic locations. A recent

meta-analysis found that the earliest and latest onset
were reported in the United States (8.8-10.3 years) and
in Africa (10.1-13.2 years), respectively [30].Only a few
studies have been carried out in our country (Table 3).
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Table 2 Ages of attainment of various pubertal stages and menarche according to probit analysis in the study participants
The pubertal stages and menarche N Age,y

P3 P10 P25 P50(95%Cl) P75 P90 P97
Breast stage 2 3132 6.85 7.82 8.81 9.89(9.77-10.02) 10.99 11.97 12.94
Breast stage 3 1737 8.10 9.20 10.32 11.55(11.31-11.84) 12.79 13.91 15.01
Breast stage 4 1076 9.01 10.16 11.33 12.64(11.86-14.12) 13.94 15.11 16.26
Breast stage 5 671 9.79 11.01 12.24 13.61(13.12-14.29) 14.98 16.21 1743
Pubic hair stage 2 2838 6.75 7.83 892 14(9.88-10.39) 11.36 1245 13.54
Pubic hair stage 3 1887 848 9.44 1042 49(11.34-11.67) 12.58 13.55 14.52
Pubic hair stage 4 1186 9.34 1043 11.52 12. 74(1 2.52-12.99) 13.95 15.05 16.13
Pubic hair stage 5 562 10.64 11.84 13.06 1441(14.21-14.63) 15.76 16.97 18.17
Menarche 6967 9.86 10.55 11.26 12.05(11.88-12.21) 12.83 13.54 14.24

In 2006,the national estimation of the mean age of breast
development at stage 2 was 10.10 in Iranian girls [31].
And at provincial level, the earliest and latest onset in
2006 were reported in Ghazvin-Zanjan region (8.97 + 1.45
years) and in Fars (11.01 + 1.88 years), respectively [24].
A cross-sectional study during 2005-2006 by Kashani et
al. among 3192 girls in Isfahan showed that the median
ages of B2 was 10.14 years (8.33—11.95 years) [14]. an ear-
lier age of breast development was observed in our study.
The median age at thelarche in the current study was 9.89
(95% CI:9.77 -10.02).

In 2006, a national study showed that the mean age at
pubic hair stage (P2) was 9.83 among Iranian girls [31].
Pervious cross-sectional studies reported that the mean
age at pubic hair stage (PH2) in Tehran(2001-2004) [22],
Isfahan (2006) [23] and Qazvin (2010) [26] was 10.48,
10.78 and 9.82 years, respectively. Our result showed that
median age of pubarche was 10.14 (95% CI: 9.88— 10.39)
years. Pubic hair Tanner stage was not evaluated by the
clinical raters in our study because of low acceptability of
study participants and their parents. The previous stud-
ies used clinical examination so our results may not be
directly comparable to them.

The method of self or parent reports is as a technique
often used in large-scale epidemiology studies to assess
timing of pubertal onset. The methods provide informa-
tion with less accuracy than clinical assessment and may
be prone to misclassification and measurement error.
However, we previously found that the maternal assess-
ment using SMS was a valid and reliable tool for assess-
ment of sexual maturity in Iranian adolescents [29].

A national survey among7493 girls aged 10-18 years in
2006 showed that the mean age at onset of menstruation
in Iranian girls was 12.55 years [31]. A cross-sectional

study during 2001-2004 by Rabbani et al. on 4020 Tehra-
nian girls showed that the mean AAM was at 14.54 years
[22]. In 2006,The mean AAM for Isfahani girls was 12.65
years [23].0ur data indicated an earliest age of menarche
(12.05 years).It declined by 0.6 years during the last two
decades in Isfahan. It indicated that age at menarche has
trended younger since the last two decades in Isfahan.
In our study, a relatively early menarche may be related
to the changes in nutritional status and lifestyle and
decreases in physical activity during early life. As, chil-
dren’s nutritional status can affect the timing of puberty
[32].

The downward trend of AAM has been observed in
many diverse countries. Childhood obesity can be associ-
ated with early menarche in girls [33, 34].In this context,
several meta-analysis studies have recently suggested
that nutritional status during childhood [15] low levels
of vitamin D [35]childhood obesity [36, 37], Longer sleep
duration [38] and exposure to environmental endocrine
disruptors for instance, exposure to di-(2-ethylhexyl)-
phthalate (DEHP) and di-n-butyl phthalate (DBP) [39]
may be associated with early menarche in girls. Further
studies are essential for advancing knowledge about
potentially modifiable nongenetic factors and precocious
puberty in different racial/ethnic groups.

The age of normal onset of puberty is conventionally
defined as the mean age plus or minus two standard devi-
ations of the age of onset of breast stage 2 in any popu-
lation [40]. Also, the 3rdand 97th percentile age for age
at onset puberty can be considered as precocious and
delayed puberty, respectively.

The age limits of normal puberty were previously pro-
vided by Marshall and Tanner on 192 British girls from
the lower socio-economic sector in 1969. As Marshall
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and Tanner presented, beginning at the earliest age of
8 years is defined as precocious [28]. Today, many clini-
cians often use the traditional age cut-offs to monitor
the onset of puberty in girls. However, in previous stud-
ies this cut-off point varied from 6.2 to 7.5 years to define
precocious in Iranian girls [22, 23, 25, 26, 31].

A recent meta-analysis of 30 studies showed a down-
ward trend in the age at thelarche by 3 months per
decade from 1977 to 2013 [30]. Results from the current
study also suggested that < 10% of girls experienced onset
of puberty before age 8. The 3rd and 10th percentile age
for B2 were 6.81and 7.81, respectively. So, the classical
definition for pubertal onset may be outdated in many
countries and lead to unnecessary test and treatment in
healthy girls. Current and relevant data are necessary to
define precocious and delayed puberty in any population.

Strengths and limitations of this study

The strength of our study is that we conducted a large
school- based study to evaluate age of puberty of girls
using parent- reported information and the clinical exam-
inations by highly trained staff. We also tried to select the
participants from different cities of Isfahan province to
cover various characteristics of lifestyle, socioeconomic
and environments to obtain a large representative sample
of Isfahani girls in a school setting. So, generalizability of
the study may be increased.

Our study has some limitations. The crosssectional
design of the survey is its’ major limitation by which the
exact age of the onset of puberty as well as the speed of
the consecutive stages of puberty cannot be accurately
determined.

On the other hand, interobserver variability should be
considered in the measurement of breast development.
However, about 70% of the clinical examinations were
performed by one senior endocrinologist (MH) in our
study. And only about 30% of the examinations were per-
formed by the trained pediatricians.

So, the interobserver variability may be minor. On the
other hand, proper training of physicians by the endocri-
nologist may limit the errors, differences in training, in
the physician-assessments. In addition, we were not able
to clinically evaluate the tanner stage of pubic hair. Thus,
information bias is possible.
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Table 3 Median age of pubertal development of girls in some studies
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Authors Place/ data collection Age range Number Mean or median(95%Cl) Age (year)
Age at B2 Age at PH2 Age at menarche

Marshall-Tanner [29] England/ 1948-69 8-18 192 11.15 11.69 1347
Aminorroaya [41] Tehran/1995 7-15 1331 106 10.2 129
Rabbani [23] Tehran/2001 to 2004 6-20 4020 10.15 10.48 14.54
Razzaghy-azar [26] Tehran/2003-2004 6-17 1420 9.74 10.49 12.68
Rabbani [32] Iran (All provinces)/2006 6-20 7493 10.10 9.83 12.55
Kashani-Hashemipour [24] Isfahan/2005-2006 6-17 3192 10.14 10.78 12.65
Salak [42] Isfahan/2006 55-17 3204 1046 11.15 12.56
Saffari [27] Qazvin /2009-2010 6-16 2240 9.71 9.82 12.52
Current study Isfahan/2022 6-18 13,886 9.9 10.1 12.05
B: Breast Development; PH: Pubic Hair

References

Conclusion

Our data present the norms of the timing of puberty on
schoolgirls in Isfahan province. Puberty symptoms, espe-
cially menstruation, were obtained at a slightly lower age
than earlier studies in our country. Nationally represen-
tative surveys and prospective studies to determine the

exact age and tempo of puberty are necessary.

Acknowledgements

We wish to thank of the staff of Isfahan Provincial Health Office and also the
provincial Education and Training Office for their cooperation. We thank

of the health educators and principals of selected schools, the experts of
Isfahan health and treatment system and the physicians at Isfahan university
of medical sciences who participated in the study for their support and
assistance. We are also grateful to Mrs. Farahi (form School Health Office,
Isfahan Provincial Health Center) and Mr. madineh, Mr. Sakhai, Dr.nazarian, Mr.
Faal (from department of education in Isfahan province) and Mrs. Ghane for
their assistance as well as the participants and their families.

Author contributions

NM, MH, MRM and RK conceived and designed the study. NM, MH, MP and RO
collected the data. NM and MRM analyzed the data. NM wrote the paper. MH,
MRM and RK critically revised the paper. All authors read and approved the

final manuscript.

Funding

The study was supported by a grant from Isfahan University of Medical
Sciences. (Approval code: IRMUIMED.REC.1399.176 research project number

398986).

Data availability

No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the ethics committee of Isfahan
University of Medical Sciences. (Approval code: IRMULMED.REC.1399.176
research project number 398986). Oral and written informed consent was
obtained from all eligible students and one of their parents, respectively.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 November 2023 / Accepted: 4 November 2024
Published online: 31 January 2025

1.

8.

LeeY, Styne D. Influences on the onset and tempo of puberty in human
beings and implications for adolescent psychological development. Horm
Behav. 2013;64(2):250-61.

Sun SS, Schubert CM, Chumlea WC, Roche AF, Kulin HE, Lee PA, et al. National
estimates of the timing of sexual maturation and racial differences among US
children. Pediatrics. 2002;110(5):911-9.

Eaves L, Silberg J, Foley D, Bulik C, Maes H, Erkanli A, et al. Genetic and
environmental influences on the relative timing of pubertal change. Twin Res
Hum Genet. 2004;7(5):471-81.

Eveleth PB. Population differences in growth: environmental and genetic fac-
tors. Human growth: volume 3 Neurobiology and Nutrition. Springer; 1979.
pp. 373-94.

Parent AS, Teilmann G, Juul A, Skakkebaek NE, Toppari J, Bourguignon JP. The
timing of normal puberty and the age limits of sexual precocity: variations
around the world, secular trends, and changes after migration. Endocr Rev.
2003;24(5):668-93.

Brix N, Ernst A, Lauridsen LLB, Parner E, Stevring H, Olsen J, et al. Timing of
puberty in boys and girls: a population-based study. Paediatr Perinat Epide-
miol. 2019;33(1):70-8.

Hosokawa M, Imazeki S, Mizunuma H, Kubota T, Hayashi K. Secular trends in
age at menarche and time to establish regular menstrual cycling in Japanese
women born between 1930 and 1985. BMC Womens Health. 2012;12(1):1-6.
Aksglaede L, Serensen K, Petersen JH, Skakkebaek NE, Juul A. Recent decline
in age at breast development: the Copenhagen Puberty Study. Pediatrics.
2009;123(5):€932-9.

LiuW, Yan X, Li C, Shu Q, Chen M, Cai L, et al. A secular trend in age at men-
arche in Yunnan Province, China: a multiethnic population study of 1,275,000
women. BMC Public Health. 2021;21(1):1890.

Gomula A, Koziel S. Secular trend and social variation in age at menarche
among Polish schoolgirls before and after the political transformation. Am J
Hum Biology. 2018;30(1):€23048.

Brito VN, Canton AP, Seraphim CE, Abreu AP, Macedo DB, Mendonca BB, et

al. The congenital and acquired mechanisms implicated in the etiology of
central precocious puberty. Endocr Rev. 2023;44(2):193-221.

Harris MA, Prior JC, Koehoorn M. Age at menarche in the Canadian popula-
tion: secular trends and relationship to adulthood BMI. J Adolesc Health.
2008;43(6):548-54.

Segovia-Siapco G, Pribis P, Messina M, Oda K, Sabaté J. Is soy intake related to
age at onset of menarche? A cross-sectional study among adolescents with a
wide range of soy food consumption. Nutr J. 2014;13:1-9.

CalcaterraV, Cena H, Regalbuto C, Vinci F, Porri D, Verduci E, et al. The role

of fetal, infant, and childhood nutrition in the timing of sexual maturation.
Nutrients. 2021;13(2):419.

Tang J, Xue P, Huang X, Lin C, Liu S. Diet and nutrients intakes during Infancy
and Childhood in relation to early puberty: a systematic review and Meta-
analysis. Nutrients. 2022;14(23).

Day FR, Elks CE, Murray A, Ong KK, Perry JR. Puberty timing Associated with
Diabetes, Cardiovascular Disease and also Diverse Health outcomes in men
and women: the UK Biobank Study. Sci Rep. 2015;5:11208. https://doi.org/10.
1038/srep11208.

Berkey CS, Frazier AL, Gardner JD, Colditz GA. Adolescence and breast carci-
noma risk. Cancer: Interdisciplinary Int J Am Cancer Soc. 1999;85(11):2400-9.


https://doi.org/10.1038/srep11208
https://doi.org/10.1038/srep11208

Mozafarian et al. BMC Pediatrics

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2025) 25:87

Day FR, Elks CE, Murray A, Ong KK, Perry JR. Puberty timing associated with
diabetes, cardiovascular disease and also diverse health outcomes in men
and women: the UK Biobank study. Sci Rep. 2015;5(1):11208.

Mendle J, Turkheimer E, Emery RE. Detrimental psychological outcomes
associated with early pubertal timing in adolescent girls. Dev Rev.
2007,27(2):151-71.

Copeland W, Shanahan L, Miller S, Costello EJ, Angold A, Maughan B. Out-
comes of early pubertal timing in young women: a prospective population-
based study. Am J Psychiatry. 2010;167(10):1218-25.

Bahrami N, Soleimani MA, Chan YH, Ghojazadeh M, Mirmiran P Menarche age
in Iran: a meta-analysis. Iran J Nurs Midwifery Res. 2014;19(5):444.

Rabbani A, Khodai S, Mohammad K, Sotoudeh A, Karbakhsh M, Nouri K, et
al. Pubertal development in a random sample of 4,020 urban Iranian girls. J
Pediatr Endocrinol Metab. 2008;21(7):681-8.

Kashani HH, Kavosh MS, Keshteli AH, Montazer M, Rostampour N, Kelishadi
R, et al. Age of puberty in a representative sample of Iranian girls. World J
Pediatr. 2009;5(2):132-5.

Motlagh M-E, Rabbani A, Kelishadi R, Mirmoghtadaee P, Shahryari S,
Ardalan G, et al. Timing of puberty in Iranian girls according to their living
area: a national study. J Res Med Sciences: Official J Isfahan Univ Med Sci.
2011;16(3):276.

Razzaghy-Azar M, Moghimi A, Sadigh N, Montazer M, Golnari P, Zahedi-
Shoolami L, et al. Age of puberty in Iranian girls living in Tehran. Ann Hum
Biol. 2006;33(5-6):628-33.

Saffari F, Rostamian M, Esmailzadehha N, Shariatinejad K, Karimzadeh

T. Pubertal characteristics in girls of Qazvin Province, Iran. Iran J Pediatr.
2012;22(3):392.

Onis Md, Garza C, Onyango A, Martorell R. WHO Child Growth Standards
based on length/height, weight and age. 2006.

Marshall WA, Tanner JM. Variations in pattern of pubertal changes in girls.
Arch Dis Child. 1969;44(235):291.

Mozafarian N, Hashemipour M, Maracy MR, Madineh SA, Farahi R, Kelishadi
R. Validity and reliability of parent assessments of pubertal matura-

tion among adolescent girls in Isfahan, Iran. J Pediatr Endocrinol Metab.
2024;37(2):156-62.

Eckert-Lind C, Busch AS, Petersen JH, Biro FM, Butler G, Brauner EV, et al.
Worldwide secular trends in age at pubertal onset assessed by breast devel-
opment among girls: a systematic review and meta-analysis. JAMA Pediatr.
2020;174(4):2195881-e.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 9

Rabbani A, Motlagh M-E, Mohammad K, Ardalan G, Maftoon F, Shahryari

S, et al. Assessment of pubertal development in Iranian girls. Iran J Pediatr.
2010;20(2):160.

Cheng G, Buyken AE, Shi L, Karaolis-Danckert N, Kroke A, Wudy SA, et al.
Beyond overweight: nutrition as an important lifestyle factor influencing
timing of puberty. Nutr Rev. 2012;70(3):133-52.

Rosenfield RL, Lipton RB, Drum ML. Thelarche, pubarche, and menarche
attainment in children with normal and elevated body mass index. Pediatrics.
2009;123(1):84-8.

Kaplowitz PB, Slora EJ, Wasserman RC, Pedlow SE, Herman-Giddens ME.
Earlier onset of puberty in girls: relation to increased body mass index and
race. Pediatrics. 2001;108(2):347-53.

Wu C, Zhang X, Yan F, Cui Y, Song Y, Yan S, et al. Does vitamin D have

a potential role in precocious puberty? A meta-analysis. Food Funct.
2023;14(11):5301-10.

Kaplowitz P. Pubertal development in girls: secular trends. Curr Opin Obstet
Gynecol. 2006;18(5):487-91.

LiW, Liu Q Deng X, ChenY, Liu S, Story M. Association between obesity and
puberty timing: a systematic review and meta-analysis. Int J Environ Res
Public Health. 2017;14(10):1266.

Mozafarian N, Yazdi M, Hashemipour M, Hovsepian S, Maracy MR. Associa-
tion between sleep duration and early pubertal timing in children and
adolescents: a systematic review and meta-analysis. Curr Pediatr Reviews.
2023;19(3):318-28.

Wen'Y, Liu SD, Lei X, Ling YS, Luo'Y, Liu Q. Association of PAEs with precocious
puberty in children: a systematic review and Meta-analysis. Int J Environ Res
Public Health. 2015;12(12):15254-68.

Mul D, Fredriks AM, Van Buuren S, Oostdijk W, Verloove-Vanhorick SP, Wit
JM. Pubertal development in the Netherlands 1965-1997. Pediatr Res.
2001;50(4):479.

Investigation of Different Stages of Girls'Puberty in East of Tehran. (1995).
Pejouhesh dar Pezeshki (Research in Medicine). 1996;20(2):1-11.

Salek Ardestani M, Rostampour N, Hashemipour M, Hosseini M, Moaddab
MH, Hassanzadeh Kashani H, et al. Age of Puberty in School-age girls living in
Isfahan. J Isfahan Med School. 2007;25(86):8-1.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The study of pubertal stage and age of menarche in girls in Isfahan province, Iran
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Anthropometric measurements
	﻿Tanner staging
	﻿Clinical tanner stage
	﻿Self-assessment of tanner stages
	﻿Evaluation of menarchal age
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Strengths and limitations of this study

	﻿Conclusion
	﻿References


