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ABSTRACT 
 

Background: Leptin hormone is considered to plays an important role in the regulation of puberty in 
adolescent girls. It varies widely during different stages of puberty and has some relationship with 
menarche and pubertal stages. 
Aim: To have a visual clarification for effect of Serum leptin level on pubertal stages in Pakistani girls. 
Methodology: It was a cross-sectional analytic study. One hundred and fifty two girls were selected 
from different schools and colleges of Lahore. The sample was divided into 10 groups, comprising 
approximately 15 girls in each age group with age range of 8.0 to 17.99 years. Their demographic data 
was recorded. Age of menarche was obtained through a questionnaire. Stages of puberty were 
determined by inspection and palpation according to Tanner’s staging system. Blood samples were 
collected to determine the serum leptin level by ELISA method.  
 Data was entered into SPSS (Statistical package for social sciences) version 16 and analyzed.  
Spearman’s correlation test was applied to observe the correlation between the serum leptin and 
stages of puberty.  
Results: The mean age at menarche was 12.76±1.24 years. Mean serum leptin value was 6.653±7.11 
ng/ml in over all groups. Serum leptin concentration progressively increased with advancement of 
mean pubertal stages (P< 0.000). Leptin concentration showed a positive correlation wih mean 
pubertal stages (rho = 0.349, and P<0.000) and pubertal levels (rho = 0.395, and p <0.000). The 
serum leptin concentration in pre menarcheal and post menarcheal girls were 4.63±4.74 and 
8.62±8.41 ng/ml respectively (P <0.000).  
Conclusion: Higher serum leptin level leads to an early onset of puberty and menarche.  
Key words:  Puberty, Pubertal stages, Menarche, Serum leptin.  

 

INTRODUCTION  
 

Physical and psychological growth at which an 
individual is able to reproduce sexually is called as 
Puberty1,2,3. ‘Female Tanner Staging’ described by 
Tanner in (1962) is a 5 stage system which describes 
different physical changes taking place during the 
course of puberty in girls1. Menarche (first menstrual 
bleeding) is symbolic start of womanhood. It usually 
starts two years after thelarche. It occurs during 9 to 
18 years of age4,5,6. There is strong evidence that age 
of onset of puberty and age at menarche is 
continuously decreasing7,8,9,10. Different factors are 
considered to affect time for start of puberty these are 
environment, obesity, genetics, chemical and 
hormones in diet, physical exercise, and presence of 
disease8,11,12. 

Leptin, discovered in 1994, produced by 
adipocytes and encoded by ob gene  is protein in 
nature, and  is considered one of the important  
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factors in this regard(13). The major function of this 
hormone is to govern body weight and metabolism, 
but also has an important effect on reproduction14,15,16 
Leptin exhibits its effect by binding on receptors, 
which belongs to cytokine family and is the product of 
db gene. These receptors are present in ovaries, 
testes, hypothalamus, and anterior pituitary16,15,17. 
The depots of body fat sends signal to brain to 
regulate the reproduction by secreting leptin, it acts 
on hypothalamus to enhances the release of 
gonadotropin releasing hormone (GnRH) which in 
turn stimulates production of leutinizing hormone (LH) 
and follicle stimulating hormone (FSH) from anterior 
pituitary thus governing reproduction18,17. 
 At the onset of puberty along with other sex 
hormones, an effective amount of leptin is also 
secreted19,20. Leptin effect on reproduction is 
substantiated by the reality that puberty and age at 
menarche is decreased by increase in serum leptin 
concentration21. A level of 12.2ng/ml of serum leptin 
level may be associated with reduction of age at 
menarche. Age at menarche is declined by 1 month 
with an increase of serum leptin level of 1 ng/ml22.  
The puberty onset is mysterious process and its 
relationship with serum leptin concentration appears 
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to be intriguing, enthralling and controversial. In this 
study serum leptin concentration is measured and its 
relationship with stages of puberty in adolescent 
Pakistani girls is tried to be established. The objective 
of this study was to measure the amount of serum 
leptin level in various stages of puberty and to 
determine whether raised serum leptin concentration 
leads to earlier onset of puberty.  
 

MATERIALS AND METHODS 
 

A cross-sectional analytic study was planned to 
establish the effect of serum leptin level in regulation 
of adolescence growth. Approval from ethical 
committee of Postgraduate Medical Institute of 
Lahore (PGMI) and Advanced Studies and Research 
Board (ASRB) of University of Health Sciences 
Lahore was taken.  

The calculated sample size was 152 school 
and college girls. Out of 9 administrative towns of 
Lahore city, one town was randomly selected, and 
there are 77 total schools and colleges in these town, 
4 schools and 2 colleges were selected randomly. 
Using balloting method simple random sampling was 
used. The subjects were divided into 10 groups, 
comprising approximately 15 girls in each age group. 
Age range was from 8.0 to 18 years. Permission was 
taken from concerned institutional administration. 
Informed voluntary consent was taken from parents 
and girls to record the data by doing physical 
examination and for collection of blood and to use 
this data in research for publication. 

The participating girls in the study represented 
all pubertal stages according to female Tanner 
staging, and vary between 8 to 18 years. The 
laboratory work was conducted in the Postgraduate 
Medical Institute, Lahore and University of Health 
Sciences, Lahore. 

The girls having acute or chronic organic illness, 
endocrinological upset, congenital anomalies, 
metabolic disorders and disorders of sexual 
differentiation, leading to early or delayed onset of 
menarche were excluded from the study. 
Confidentiality of the data was ensured.  

Complete demographic data including name, 
age, weight and height were recorded.  The data was 
entered in a proforma. Date of birth was asked from 
students and confirmed from school register. Then 
decimal age of each child was calculated from 
decimal chart(23). The girls were examined for stages 
of puberty as per Tanner’s staging(1). Breast 
development and pubic hair development was 
evaluated and recorded according to photographic 
norms of stages of puberty by inspection  and 
palpation as well as standardized drawing and 
description based on Tanner criteria1,3,24. Age of 

menarche was inquired from girls. Most of the girls 
remembered exact year and month of their first 
menstrual period. The age was cross checked from 
elders. Age of menarche was also calculated in 
decimals. 
  Five ml of fasting blood was collected from each 
girl by using aseptic measures between 10 am to 12 
noon to minimize the effect of diurnal variation in 
serum leptin concentration (25)(26). Blood was allowed 
to clot at - 4°C. The serum was separated by 
centrifugation at 2000xg for 10 min. The samples 
were stored at -70°C in serum cups. ELISA (enzyme 
linked imunosorbant essay) was used to measure 
serum leptin concentration(27)(25) by using 
commercially available ELISA Kit (AviBion Research 
ELISA, Orgenium Laboratories Finland). Procedure 
was performed as described in manual of the kit. 

Mean pubertal stage was calculated by 
taking mean of two ((Tanner staging for breast and 
Tanner staging for pubic hair). Puberty development 
was simplified by dividing girls into three groups 
based on level of puberty, i.e., stage I, as pre-
pubertal(P I), stage II-IV as puberty(P II), and stage V 
as post puberty (P III)(28)(29)(30).  Data was analyzed by 
SPSS version 16. To establish the relationship 
between serum leptin level, and pubertal stages 
spearman correlation test was applied. A value of p < 
0.05 was considered as statistically significant. 
 

RESULTS 
 

Data of pubertal development:  Data of pubertal 
development is shown in table 1 below. Majority of 
girls (58%) were in stage II, III, and IV. Second major 
group comprising of 25.7% of the girls were still at 
pre-pubertal stage (Tanner stage 1). Other (15.8 %) 
were at stage V (post pubertal stage). Mean pubertal 
stage II and breast development (BII) started at the 
age of 11.36±1.84 years. Seventy seven (50.7%) 
girls crossed the land mark of menarche while 75 
(49.3%) were still at pre-menarche stage. The mean 
age at menarche was 12.76±1.24 years.  
Relationship of serum leptin with mean pubertal 
stages: Table 2 shows the serum leptin levels in 
different pubertal stages (mean pubertal stages). The 
serum leptin concentration differs significantly in 
different pubertal stages. The Spearman’s correlation 
test was applied to observe the relationship between 
serum leptin and mean pubertal stages. A positive 
correlation between serum leptin and mean pubertal 
stages was observed. Figure 1 showing that leptin 
level increases with increase in pubertal stage, (rho = 
0.349, and p <0.000). The effect becomes more 
evident when relationship was evaluated with 
simplified pubertal levels (Table 2 and figure 2).  The 
Spearman’s correlation test was applied to see the 
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relationship between serum leptin and different 
pubertal levels. Significant positive correlation 
between serum leptin and pubertal levels was 
observed showing that with advancement of pubertal 
levels serum leptin concentration were also raised, 
(rho = 0.395, and p <0.000). 
Relationship of serum leptin with menarche: A 
total of 77 girls passed the mile stone of menarche 
and 75 were still at pre-menarcheal stage. The 
values of serum leptin in pre-menarcheal girls was 

4.63±4.74 ng/ml and it was8.62±8.40 ng/ml in post-
menarcheal girls, revealing a statistically significant 
difference of serum leptin concentration between two 
groups (P<0.000). It is evident that serum leptin was 
higher in post menarcheal subjects as compared to 
pre menarcheal subjects. Very weak, non significant, 
inverse correlation (r= -0.095 and P<0.411) was seen 
between serum leptin concentration and age at 
menarche. This also indicated that as serum leptin 
level increased, as age at menarche decreased.

 
Table 1: Frequencies and percentages of subjects at different pubertal development (Mean pubertal stages and pubertal 
levels).  This table shows mean ages of girls at different pubertal stages.  

 
Table 2: Values of serum leptin (ng/ml) in mean pubertal stages.  

Mean pubertal stage  
Number 
of girls 

Serum leptin (ng/ml) 
mean±SD 

Pubertal levels  Number of 
girls. 

Serum leptin 
(ng/ml) mean±SD 

Mean pubertal stage I 39 2.39±2.35 Pre-puberty P I 39 2.39±2.35 

Mean pubertal stage II 43 6.66±5.34 Puberty  
P II 

89 7.25±6.58 

Mean pubertal stage III 20 6.72±6.37 

Mean pubertal stage IV 26 8.63±8.43 

Mean pubertal stage V 24 11.38±10.07 Post puberty P III 24 11.38±10.07 

Total  152 6.65±7.11  152 6.65±7.11 

ANOVA   P<0.000   P<0.000 

 
Table 3: Serum leptin concentration in mean pubertal stages, comparison with other studies 

Mean 
Pubertal 
stage 

Our study 
ng/dl 

Wang et 
al 
2004 
ng/dl 

Hui-juan et 
al 2010 
ng/dl 

Blum et al 
1997  
ng/dl 

Ahmad 
et al 
1999 
ng/dl 

Rutter et 
al 2009 
ng/dl 

Li et al 2005  
ng/dl 

Horlick et 
al 2000 
ng/dl  

Stage I 2.38±2.35 3.9±4.5 1.84± 0.15 2.51 2.47 6.2±4.9 5.80 ± 0.43 3.9±1.4 

Stage II 6.66±5.34 5.6±6.2 2.14± 0.23 2.86 3.00 8.5±6.0 12.30 ± 1.87 14.4±4.4 

Stage III 6.72±6.37 7.8±5.6 5.59 ±0.87 3.81 3.30 7.25±5.0 17.43 ± 1.55 11.6±3.4 

Stage IV 8.63±8.43 8.1±7.8 6.90± 0.84 4.39 3.15 6.2±3.3 24.37 ± 3.09 14.8±5.3 

Stage V 11.38±10.08 7.9±8.0 9.42 ±0.52 6.24 4.99 10.4±6.6 31.04 ± 5.53 30.3±7.9 

 
Table 4: Comparison of leptin concentration in pubertal levels with other studies.  

Pubertal levels  Our series Serum 
leptin (ng/ml) 
mean±SD 

Garcia-Mayer et al 
1997 (ng/ml) mean±SD 

Brandao et al 2003 
(ng/ml) mean±SD 

Kies et al 1998   
(ng/ml) mean±SD 

Pre-puberty P-1  
(Pubertal stage 1) 

2.39±2.35 
5.4±0.2 7.15± 7.03 2.8±2.3 

Puberty P-2 
(Pubertal stage 2-4) 

7.25±6.58 7.1±0.7 7.91± 9.18 4.77±2.88 

Post puberty P-3 
(Pubertal stage 5) 

11.38±10.07 8.1±0.5 9.78± 5.97 12.64±6.8 

P value <0.0000 < 0.05 < 0.068 <0.005 

 
 
 

Mean pubertal stage  Mean Age in years 
(SD) 

Frequency %age Pubertal levels Frequency %age 

Mean pubertal stage I 10.13±1.67 39 25.7 Pre-puberty P I 39 25.7 

Mean pubertal stage II 11.36±1.84 43 28.3 Puberty PII 89 58.6 

Mean pubertal stage III 14.53±1.45 20 13.2 

Mean pubertal stage IV 15.32±1.85 26 17.1 

Mean pubertal stage V 16.11±1.30 24 15.8 Post puberty P III 24 15.8 

Total 12.89±2.89 152 100  152 100 
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Fig. 1: Relationship of serum leptin level with mean pubertal stages.  rho = 0.349, and P<0.000. 
 
 

 
Fig. 2: Relationship of serum leptin level with pubertal levels (P<0.000, rho=0.395). 
 

 
  1= Pre puberty (P I),   2= Puberty (P II),  3= Post puberty (P III) 
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Fig 3: Graph serum leptin with menarche 

 
Fig. 3. Relationship of serum leptin with age at menarche. 

 
 

DISCUSSION 
 

Pubertal growth in adolescent girls is responsible for 
great variations in height, weight and hence BMI of 
individual. All these factors are considered to affect 
the concentration of serum leptin. Leptin 

concentration varies widely in children in accordance 
to age, sex and pubertal growth, as evident in several 
series(31)(32)(30)(33)(34)(35)(36). The factors affecting the 
concentration of leptin in adolescence girls are not 
only the chronological age but the stage of sexual 
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maturation also affect its, as the girls with same age 
range may be passing through different pubertal 
stages. To assess these factors, we determined the 
relationship of serum leptin concentration with 
menarche and pubertal stages in young girls.   

In our series, data collected from girls in different 
pubertal stages provides visual interpretation of 
relationship between pubertal growth and serum 
leptin level. The results of our co-relational study 
revealed that mean pubertal stages positively related 
to the concentration of leptin in girls (rho=0.349, P 
<0.000). Serum leptin progressively increased 
through puberty as  also reported by other studies31-36 
(Table 3).  

In our study the overall serum leptin 
concentration throughout pubertal stages were 
approximately similar to that of studies carried in 
Brazil30, Japan33, Netherland(35) and China36 but the 
serum leptin concentration was significantly higher 
than our study in the series conducted by American32, 
China34 and  low in the studies carried by 
Germany(31);and United Kingdom37 (Table 3) . It may 
be probably because  in adition to puberty other 
factors for example living styles, height, weight3, 
mass of adipose tissue38, BMI29 waist- hip ratio(27) lipid 
profile39 estrogen level40 and percentage of body fat20 
affect the serum leptin concentration level.  

In our study, the increase in serum leptin along 
with pubertal stages was not smooth. There was 
prominent rise in serum leptin concentration between 
stage I and stage II (p<0.000), but minor difference 
between stage II and stage III (non significant). 
Again, there was prominent rise in serum leptin after 
stage III, through IV, and stage V, (P<0.000). Almost 
same findings were observed by other studies(37)(35). 
To counter this problem we divided the  pubertal 
stages into three levels, pre-pubertal (stage 1), 
pubertal (stage II, III, IV) and post-puberty (stage V)  
as practiced by other  authors  also(28)(29)(30). The 
relation of these results were relatively smooth 
showing progressive and positive relation of serum 
leptin between three pubertal levels as in our study 
(P<0.000 rho=0.395), which coincides well with all 
above three studies28-30 (Table 4). 

We have noted that leptin concentrations were 
stabilized at 15 years of age and onward in our series 
and this is also supported by Bandini et al, 200820. 
Leptin is secreted in pulsatile manner. Number and 
amplitude of leptin pulses are not recorded in our 
study. It is reported in literature that there may be 
difference in clearance rate and metabolism of leptin, 
it may also play a role in making a difference in 
circulating leptin concentration32.  

A study carried in USA, by Li et al., 2005 which 
showed that increase in serum leptin level throughout 
female pubertal development is associated with 

increase in the body fat. He also determined soluble 
leptin receptors (SOB-R) in serum. They bind the 
leptin so decreasing the free serum leptin level. 
There is decline in soluble leptin receptors from 
Tanner stage I to II, it results in sustained increase in 
serum leptin level. This increase in serum leptin level 
from stage I to II, might be involved in onset of 
puberty and the thelarche. Rise in leptin level 
especially in latter stages of pubertal development 
may be that it forecast the upcoming menarche and 
pregnancy34.   

Menarcheal age is main aim and an indicator for 
scoring the pubertal development in adolescent girls. 
The mean age at menarche in ours series is 
12,76±1.24 years. World Health Organization 
reported that the average age at menarche is 
different in different countries; In Bangladesh, it is 
15.8 years; in India, it is 14.31 years4, in British 
teenagers, it is 13.1 years42  in Iran, it is 12.5 years11; 
in Kawait it is 12.14years10; in Turkey it is 12.74 
years43; in Indonesia is 12.96 years44; in Germiny it is 
12.8 years(45).  Previous reported average age at 
menarche in Pakistani girls is 13.6 years42,46.  So 
there is strong evidences of early onset of menarche 
not only in Pakistan but literature proved that it is 
worldwide problem47.  

In our study pre-menarche serum leptin level 
was significantly less as compared to post-menarche  
serum leptin (4.63±4.74 vs 8.62±8.41 ng/ml, 
P<0.000). Similar findings were observed by Wang et 
al,2004(33).  Carlson et all also reported that before 
menarche leptin concentration were 5.4±0.5 µg/L and 
post menarche it was 13.7±1.4 µg/L (p<0.0001)41.  

As it is suggested that there may be a signal to 
initiate and maintain pubertal development or there 
may be presence of some permissive agent in the 
blood circulation preceding the beginning of 
biochemical events of sexual maturation, leptin 
exactly plays this role35,18.  These important findings 
support the theory that leptin acts as messenger 
through which body tell the hypothalamus that energy 
reserves have reached the desired levels to initiate 
complicated events leading to puberty couple of 
years afterward. All above findings are supported by 
the fact that females who are deficient in leptin are 
prepubertal in spite of adult age, when treated with 
leptin they had spontaneous menarche and other 
sign of puberty48. 
 

CONCLUSION 
 

The results of present study indicate that puberty and 
menarche are experiencing a decreasing trend. 
Serum leptin concentration is positively with 
correlated with pubertal stages and menarche.  
Leptin concentration in normal range acts as a 
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permissive agent for pubertal development. In 
adolescent girls, rise of serum leptin with puberty 
shows that leptin is an informative biomarker of 
puberty. The values obtained from the present study 
can provide baseline data for analysis of timing of 
puberty in Pakistan as well as for international 
comparisons. It may also be concluded that 
physiological level of serum leptin may be necessary 
for the onset and maintenance of puberty.     
Future directions:  The query whether early pubertal 
development is the reason of higher serum leptin 
level or the raised serum concentration is responsible 
for early pubertal development, can be answered by 
the longitudinal studies which proposed that a rapid 
rise of  serum leptin in body determines the early 
onset of pubertal development(49). Still more research 
is needed to explore many more details about leptin 
and reproduction, it is progressively evident that 
serum leptin plays an important role in the secretion 
of FSH and LH, and establishes a linkage among the 
body fat reserves and onset of sexual maturation in 
human as well as rodents.  
Acknowledgement: We appreciate the contribution 
by the department of medical education Postgraduate 
Medical Institute Lahore for financial help and 
University of Health Science Lahore for conducting 
laboratory workup for this research.   
We also acknowledge all the participants and their 
parents who participated in the study and provided 
required information for this study.  
Conflict of interest disclosure: None  
 

REFERENCES 
 

1. Marshall W a., Tanner JM. Variations in the Pattern of 
Pubertal Changes in girls. Arch Dis Childh. 1969;44:291–303.  

2. Plant TM, Barker-Gibb ML. Neurobiological mechanisms of 

puberty in higher primates. Hum Reprod Update. 
2004;10(1):67–77.  

3. Britton JA, Wolff MS, Lapinski R, Forman J, Hochman S, 

Kabat GC, et al. Characteristics of pubertal development in a 
multi-ethnic population of nine-year-old girls. Ann Epidemiol. 
2004;14(3):179–87.  

4. Bagga A, Kulkarni S. Age at menarche and secular trend in 
Maharashtrian ( Indian ) girls. Acta Biol Szeged [Internet]. 
2000;44(1–4):53–7. Available from: http://www2.sci.u-

szeged.hu/ABS/Acta HP/44-53.pdf 
5. Kirchengast S, Bauer M. Menarcheal onset is associated with 

body composition parameters but not with socioeconomic 

status. Coll Antropol [Internet]. 2007;31(2):419–25. Available 
from: http://www.scopus.com/inward/record.url?eid=2-s2.0-
34347263780&partnerID=40&md5=7fb52b6fae93a13093e0b

e655c8c9a98 
6. Goon DT, Toriola AL, Uever J, Wuam S, Toriola OM. Growth 

status and menarcheal age among adolescent school girls in 

Wannune, Benue State, Nigeria. BMC Pediatr [Internet]. 
2010;10(1):60. Available from: 
http://www.biomedcentral.com/1471-2431/10/60 

7. Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony 
CJ, Bhapkar M V, Koch GG, et al. Secondary sexual 
characteristics and menses in young girls seen in office 

practice: a study from the Pediatric Research in Office 

Settings network. Pediatrics. 1997;99(4):505–12.  
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 [Internet]. 
2001;108(2):347–53. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/11483799%5Cnhttp://pe
diatrics.aappublications.org/content/pediatrics/108/2/347.full.p
df 

9. Harris MA, Harris MA, Sc M, Prior JC, Koehoorn M, Ph D. 
Age at Menarche in the Canadian Population : Secular Trends 
and Relationship to Adulthood BMI. J Adolesc Heal [Internet]. 

Elsevier Ltd; 2008;43:548–554. Available from: 
http://dx.doi.org/10.1016/j.jadohealth.2008.07.017 

10. Al-awadhi N, Al-kandari N, Al-hasan T, Almurjan D, Ali S, Al-

taiar A. Age at menarche and its relationship to body mass 
index among adolescent girls in Kuwait. BMC Public Health 
[Internet]. BMC Public Health; 2013;13(1):1. Available from: 

BMC Public Health 
11. Delavar MA, Hajian-Tilaki KO. Age at menarche in girls born 

from 1985 to 1989 in Mazandaran, Islamic Republic of Iran. 

East Mediterr Heal J. 2008;14(1):90–4.  
12. Maisonet M, Christensen KY, Rubin C, Holmes A, Flanders 

WD, Heron J, et al. Role of prenatal characteristics and early 

growth on pubertal attainment of British girls. Pediatrics. 
2010;126(3):e591–600.  

13. Islami D, Bischof P, Chardonnens D. Possible interactions 

between leptin, gonadotrophin-releasing hormone (GnRH-I 
and II) and human chorionic gonadotrophin (hCG). Eur J 
Obstet Gynecol Reprod Biol. 2003;110(2):169–75.  

14. Chehab FF. Leptin as a regulator of adipose mass and 
reproduction. Trends Pharmacol Sci. 2000;21(8):309–14.  

15. Goumenou AG, Matalliotakis IM, Koumantakis GE, Panidis 

DK. The role of leptin in fertility. Eur J Obs Gynaecol Reprod 
Biol. 2003;106(2):118–24.  

16. Venner AA, Lyon ME, Doyle-Baker PK. Leptin: A potential 

biomarker for childhood obesity? Clin Biochem. 
2006;39(11):1047–56.  

17. Kulik-Rechberger B, Tarkowski R, Magoffin DA, Osemlak P, 

Rechberger T, Jakimiuk AJ. Leptin gene expression in 
subcutaneous adipose tissue in girls before and during 
puberty. Eur J Obs Gynaecol Reprod Biol [Internet]. 

2008;136(2):210–4. Available from: pmid: 17137703 DOI: 
10.1016/j.ejogrb.2006.10.028 

18. Smith GD, Jackson LM, Foster DL. Leptin regulation of 

reproductive function and fertility. Theriogenology. 
2002;57(1):73–86.  

19. Bouvattier C, Lahlou N, Roger M, Bougnères P. 

Hyperleptinaemia is associated with impaired gonadotrophin 
response to GnRH during late puberty in obese girls, not 
boys. Eur J Endocrinol. 1998;138(6):653–8.  

20. Bandini LG, Must A, Naumova EN, Anderson SE, Caprio S, 
Spadano-Gasbarro JL, et al. Change in leptin, body 
composition and other hormones around menarche - A visual 
representation. Acta Paediatr. 2008;97(10):1454–9.  

21. Matkovic, V., Ilich, J.Z., Skugor, M., Badenhop, N.E., Goel, 
P., Clairmont, A., Klisovic D, Nahhas RW LJ. Leptin Is 
Inversely Related to Age at Menarche in Human Females *. J 

Clin Endocrinol. 1997;82(10):3239–45.  
22. 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.  

23. Mclntosh, N., Helms, P.J. and Smyth R. Physical growth and 

development, In, Forfar and Arneil’s Textbook of Pediatrics, 
6e_ 9780443071928_ Medicine & Health Science Books @ 
Sixth edition. Churchill Livestone, Elsevier limited. Spain 

Amazon 458-567. 2003. p. 458–567.  
24. Motlagh ME, 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. Vol. 16, J 



Relationship of Serum Leptin with Menarche and Pubertal Stages in young girls 

 

1337   P J M H S  Vol. 11, NO. 4, OCT – DEC  2017 

Resear Med Sci. 2011. p. 276–81.  
25. Xi H, Zhang L, Guo Z ZL. Serum leptin concentration and its 

effect on puberty in Naqu Tibetan adolescents. J Physiol 
Anthr. 2011;30(3):111–7.  

26. Chow VTK, Phoon MC. Measurement of serum leptin 

concentrations in university undergraduates by competitive 
ELISA reveals correlations with body mass index and sex. 
Adv Physiol Educ. 2003;27(1–4):70–7.  

27. Dubey S, Kabra M, Bajpai A, Pandey RM, Hasan M, Gautam 
RK, et al. Serum leptin levels in obese Indian children relation 
to clinical and biochemical parameters. Indian Pediatr 

[Internet]. 2007;44(4):257–62. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17468520 

28. Garcia-Mayor R V, Andrade MA, Rios M, Lage M, Dieguez C, 

Casanueva FF. Serum Leptin Levels in Normal Children : 
Relationship to Age , Gender , Body Mass Index , Pituitary-
Gonadal. J Clin Endocrinol Metab [Internet]. 

1997;82(9):2849–55. Available from: 
http://jcem.endojournals.org/content/82/9/2849.full.pdf+html 

29. Kiess W, Anil M, Blum W, Englaro P, Juul A, Attanasio A, et 

al. Serum leptin levels in children and adolescents with 
insulin-dependent diabetes mellitus in relation to metabolic 
control and body mass index. Eur J Endocrinol [Internet]. 

1998;138(5):501–9. Available from: http://www.eje-
online.org/cgi/doi/10.1530/eje.0.1380501 

30. Brandão CMA, Lombardi MT, Nishida SK, Hauache OM, 

Vieira JGH. Serum leptin concentration during puberty in 
healthy non-obese adolescents. Braz J Med Biol Res. 
2003;36(10):1293–6.  

31. Blum WF, Englaro P, Hanitsch S, Juul A, Hertel NT, Muller J, 
et al. Plasma leptin levels in healthy children and 
adolescents: dependence on body mass index, body fat 

mass, gender, pubertal stage, and testosterone. J Clin 
Endocrinol Metab. 1997;82(9):2904–10.  

32. Horlick MB, Rosenbaum M, Nicolson M, Levine LS, Fedun B, 

Wang J, et al. Effect of puberty on the relationship between 
circulating leptin and body composition. J Clin Endocrinol 
Metab. 2000;85(7):2509–18.  

33. Wang T, Morioka I, Gowa Y, Igarashi Y, Miyai N, Yamamoto 
H, et al. Serum leptin levels in healthy adolescents: Effects of 
gender and growth. Env Heal Prev Med. 2004;9(2):41–6.  

34. Li HJ, Ji CY, Wang W, Hu YH. A twin study for serum leptin, 
soluble leptin receptor, and free insulin-like growth factor-I in 
pubertal females. J Clin Endocrinol Metab. 2005;90(6):3659–

64.  
35. Rutters F, Nieuwenhuizen AG, Verhoef SPM, Lemmens SGT, 

Vogels N, Westerterp-Plantenga MS. The relationship 

between leptin, gonadotropic hormones, and body 
composition during puberty in a Dutch children cohort. Eur J 
Endocrinol. 2009;160(6):973–8.  

36. Hui-juan ZHU, Hui PAN, Dian-xi ZHANG, Qin-yong WU, Kui 
ZHANG, Ming LI  et al. Effect of body weight on the onset of 
puberty of female children and adolescents. Acta Acad Med 
Sin. 2010;32(1):25–8.  

37. Ahmed ML, Ong KENKL, Morrell DJ, Cox LES, Drayer N, 
Perry L, et al. Longitudinal Study of Leptin Concentrations 
during Puberty : Sex Differences and Relationship to Changes 

in Body Composition *. J Clin Endocrinol Metab. 
1999;84(3):899–905.  

38. Considine RV, Sinha MK, Heiman ML  et al. Serum 

Immunoreactive-Leptin Concentrations in Normal-Weight and 
Obese Humans. N Eng J Med [Internet]. 1996;334(5):292–

295. Available from: 
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:la
ndingpage&an=00019616-199607000-00020 

39. Poveda E., Callas NE., Baracaldo CM., Castillo C., 
Hernández P. Leptin levels in school age children associated 
with anthropometric measurements and lipid profiles. 

Biomedica [Internet]. 2007;27(4):505–14. Available from: 
http://www.scopus.com/inward/record.url?eid=2-s2.0-
43649108896&partnerID=40&md5=9bb1cd926c9ea70fbcab4

12f3986c46b 
40. Błogowska A, Rzepka-Górska I, Krzyzanowska-Swiniarska B. 

Body composition, dehydroepiandrosterone sulfate and leptin 

concentrations in girls approaching menarche. [Internet]. Vol. 
18, Journal of pediatric endocrinology & metabolism : JPEM. 
2005. p. 975–83. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16355810 
41. Carlsson B, Ankarberg C, Rosberg S, Norjavaara E, 

Albertsson-Wikland K, Carlsson LMS. Serum leptin 

concentrations in relation to pubertal development. Arch Dis 
Child [Internet]. 1997;77(5):396–400. Available from: 
http://adc.bmj.com/content/77/5/396.abstract 

42. Thomas T, Burguera B, Melton LJ, Atkinson EJ, O’Fallon 
WM, Riggs BL, et al. Role of serum leptin, insulin, and 
estrogen levels as potential mediators of the relationship 

between fat mass and bone mineral density in men versus 
women. Bone. 2001;29(2):114–20.  

43. Atay Z, Turan S, Guran T, Furman A, Bereket A. Puberty and 

influencing factors in schoolgirls living in Istanbul: end of the 
secular trend? [Internet]. Vol. 128, Pediatrics. 2011. p. e40-5. 
Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/21669888 
44. Batubara JRL, Soesanti F, van de Waal HD. Age at 

menarche in indonesian girls: a national survey. Acta Med 

Indones. 2010;42(2):78–81.  
45. Bau AM, Ernert A, Schenk L, Wiegand S, Martus P, Gr??ters 

A, et al. Is there a further acceleration in the age at onset of 

menarche? A cross-sectional study in 1840 school children 
focusing on age and bodyweight at the onset of menarche. 
Eur J Endocrinol. 2009;160(1):107–13.  

46. Nielsen AC, Hamdani I, Lee-Jones L, Sadler A. Adolescence 
in Pakistan : sex , The findings of research carried out into 
awareness of sexual and reproductive health and rights in 

Pakistan contents ifc. Marie Stopes Int 153–157 Clevel Str 
London W1T 6QW United Kingdom [Internet]. 
2006;(February). Available from: www.mariestopes.org.uk 

47. Lee JM. Weight Status in Young Girls and the Onset of 
Puberty [Internet]. Vol. 119, Pediatrics. 2007. p. .2006-2188). 
Available from: 

http://search.ebscohost.com/login.aspx?direct=true&amp 
48. Paz-filho G, Mastronardi C, Delibasi T, Wong M, Licinio J. 

Congenital leptin deficiency: diagnosis and effects of leptin 
replacement therapy. Arq Bras Endocrinol Metab. 

2010;54(8):690–697.  
49. Sandhu J, Ben-Shlomo Y, Cole TJ, Holly J, Davey Smith G. 

The impact of childhood body mass index on timing of 

puberty, adult stature and obesity: a follow-up study based on 
adolescent anthropometry recorded at Christ’s Hospital 
(1936-1964). Int J Obes (Lond). 2006;30(1):14–22. 

  

 


