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Abstract
Introduction: Current health literature suggests that there 
has been a decline in the age of pubertal onset and that pu-
bertal onset/duration of puberty may, besides weight status, 
be influenced by socioeconomic context. Objective: The 
goal of this study was to determine whether pubertal onset/
duration and puberty-triggering hormones luteinizing hor-
mone (LH) and follicle-stimulating hormone (FSH) vary ac-
cording to socioeconomic status (SES). Moreover, we aimed 
to propose cutoff values of serum LH and FSH for predicting 
gonadarche in boys. Methods: 2,657 apparently healthy chil-
dren and adolescents between 5.5 and 18 years from the 
area of Leipzig were recruited from the LIFE Child study. Age 
at pubertal onset/end of puberty was given in 738/573 chil-
dren, respectively. Anthropometric parameters of puberty, 
blood measurements of LH and FSH, and questionnaires as-
sessing SES were evaluated. Results: Lower SES was associ-
ated with earlier thelarche and longer duration of puberty in 
overweight/obese girls, whereas age of menarche was not 

affected. In boys with low SES, a trend versus earlier puberty 
onset can be seen. Lower SES was significantly associated 
with boys’ age at mutation. No significant differences in 
boys’ and girls’ serum levels of LH and FSH during puberty 
according to SES were observed. Serum LH levels of 0.56 IU/L 
and serum FSH levels of 1.74 IU/L showed the best prediction 
of gonadarche in boys. Conclusion: Puberty onset/duration 
and boys’ age at mutation is affected by SES. The proposed 
cutoff levels for serum LH and FSH could provide a serologi-
cal tool to determine gonadarche in boys.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

For a better understanding of children’s and adoles-
cents’ sexual and reproductive health, it is important to 
have access to up-to-date, region-specific data on puber-
tal timing. Puberty as a critical time of growth and devel-
opment is influenced by a range of genetic, environmen-
tal, and lifestyle factors [1, 2]. Variation in pubertal tim-
ing may affect health risks. Previous studies showed that 
early puberty [3] or early menarche [4, 5] might lead to 
adverse outcomes such as increased substance use [3], 
earlier sexual activity [4], and increased risk of breast can-
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cer [5]. In addition, late maturity among boys has been 
associated with behavior problems [6] and lower educa-
tional attainment [7]. For quite some time, research dis-
cusses the association of elevated BMI with earlier pu-
berty [8]. Additionally, growing scientific evidence points 
to an association of children’s socioeconomic status (SES) 
with a wide array of health-related, cognitive, and socio-
emotional outcomes [9–11]. The German Health Survey 
for Children and Adolescents (KiGGS) showed that chil-
dren and adolescents with low SES are half as likely to 
have good general health as those with high SES [11]. We 
could recently demonstrate a strong association between 
SES and child health and development [9]. A low SES was, 
for example, associated with emotional disorders, behav-
ioral problems, a less healthy lifestyle, and less physical 
activity [9, 12, 13]. Despite the strong link between SES 
and different aspects of child health, research results are 
inconclusive with regard to the influence of SES on pu-
bertal timing. An Australian cohort study showed that 
exposure to socioeconomic disadvantage predicts earlier 
puberty onset in both girls and boys [14] and a Canadian 
study found that adolescents with high SES were less like-
ly to have entered puberty by the age of 13 [2]. Other stud-
ies from the USA and Germany showed that lower SES is 
associated with earlier menarche [11, 15, 16]. However, a 
recent meta-analysis, that also included studies from less 
developed countries, did not find a significant association 

between low SES and early pubertal timing [17]. So far, 
little research activity has focused on associations be-
tween SES and the duration of puberty.

Our study provides current data on critical steps dur-
ing pubertal development in healthy adolescents from the 
German LIFE Child study cohort. Moreover, we investi-
gated whether there is an association between SES and 
pubertal onset/duration as well as age at menarche and 
mutation. Finally, we investigated whether SES relates to 
serum values of the puberty-triggering hormones lutein-
izing hormone (LH) and follicle-stimulating hormone 
(FSH) and propose a cutoff value of serum LH and FSH 
for predicting gonadarche in boys.

Methods

Study Population
Our study originates from the LIFE Child Study, which is a part 

of the Leipzig Research Centre for Civilization Diseases (LIFE). 
LIFE Child aims at a better understanding of the etiology of life-
style diseases. It collects detailed longitudinal and cross-sectional 
information from children and adolescents with mostly Caucasian 
ethnic background aged 0–20 years as well as from their parents. 
Precise study characteristics are described elsewhere [18]. For the 
present study, data from children and adolescents between 5.5 and 
18 years with annual visits from 2011 to 2019 were analyzed. After 
applying the exclusion criteria (Fig.  1), the sample consisted of 
7,986 visits from 2,657 children.

Initial study sample
(n = 8,670)

Included visits
(n = 7,986)

Exclusion criteria:

Chronic diseases
(e.g., diabetes, thyroid 
disorders, epilepsy)

•

Medication (e.g., 
hormones, antidiabetics, 
neuroleptics, 
immunosuppressants)

•

Extreme underweight 
(BMI-SDS <3. percentile)

••

(n = 684)

Fig. 1. Process of case selection.
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Anthropometric Indicators of Puberty and BMI
The pubertal stage was assessed for both sexes according to 

Tanner [19, 20] by well trained, qualified personnel. The breast 
developmental stage (B) in girls was evaluated by palpation of 
glandular breast. The median age at onset of puberty was estimat-
ed as the age at which 50% of the study subjects entered pubertal 
stage 2 (defined as the age when both of the following conditions 
meet: (a) for males testicular volume >3 mL [21] and pubic hair 
stage (PH) 1 or 2 and (b) for females B2 and PH1–3). Therefore, 
pubertal onset in girls was mainly defined by the onset of thelarche. 
Pubertal stage 5 was considered as mature and defined both as a 
testicular volume ≥7 mL and PH5 or PH6 in boys and both B5 and 
PH4–6 in girls. Median end of puberty was estimated as the age at 
which 50% of the study subjects entered pubertal stage 5. Because 
too few subjects had both a known entry and end of puberty, the 
duration of puberty was defined by the time interval from the me-
dian pubertal onset to the median end of puberty in each subgroup. 
Age at menarche was obtained from 576 girls. 452 boys provided 
information about their age at mutation (voice change). Children’s 
height, weight, and BMI-SDS were assessed as described before 
[18]. All subjects were assigned to 1 of 2 weight groups according 
to the criteria of the German Obesity Task Force Group [22]. BMI-
SDS from −1.28 to +1.28 was defined as normal weight (NW) and 
above +1.28 as overweight or obese (OW). Children with a BMI-
SDS below −1.28 were excluded from analyses.

Socioeconomic Status
The SES of children was assessed at their first visit recorded in 

the data using the “Winkler-Stolzenberg-Index” [9, 12, 13, 23]. 

This index comprises 3 scales measuring parental education, oc-
cupational status and household equivalized disposable income 
(for more information see [23]). In the case of missing values in 1 
of the 3 scales, it was substituted by the mean of the remaining 2 
indicators. The resulting scale ranges from 3 to 21 points. Based on 
the score, 3 categories of SES were defined: low (3–8 points), mid 
(9–14 points), and high (15–21 points).

Laboratory Measures
Blood samples were collected between 7.30 and 10.30 a.m. in a 

fasting state. Samples were sent to the Institute of Laboratory Med-
icine, University Hospital of Leipzig, for analysis on the same day. 
LH and FSH were analyzed by electrochemiluminescence immu-
noassay (Roche, Mannheim, Germany). The assay was performed 
according to the specification of the manufacturer. The detection 
limit was 0.1 IU/L. For LH, intra-assay coefficients of variation 
(CV) were ≤1.2% and inter-assay CVs were ≤2.2% at the concen-
tration range of 6.2–164 IU/L. For FSH, intra-assay CVs were 
≤2.8% and inter-assay CVs were ≤4.5% at the concentration range 
of 6.0–178 IU/L.

Statistics
BMI was transformed into age- and sex-adapted standard de-

viation scores (SDS) according to the German standards [22]. For 
determining puberty onset, hierarchical logistic regression analy-
ses were conducted stratified by sex. To account for multiple mea-
surements per person, hierarchical models were applied, adding 
the subject as a random intercept. LH and FSH levels were com-
pared between the different pubertal stages applying an ANOVA 

Table 1. Demographic characteristics of the LIFE child study cohort

Female Male

Age range, yrs 5.50–18.0 5.50–18.0
Number of included cases n = 1,295 n = 1,362
Number of included visits nvis = 3,853 (48.7%1) nvis = 4,133 (51.3%1)
Distribution of SES in study population2

Low SES
n (percent) 160 (13.2) 145 (11.3)
BMI-SDS3 1.06±1.51 0.92±1.47

Mid-SES
n (percent) 712 (58.6) 740 (57.8)
BMI-SDS3 0.15±1.19 0.19±1.18

High SES
n (percent) 344 (28.2) 395 (30.9)
BMI-SDS3 −0.05±0.95 −0.08±0.92

Visits per pubertal stage, n
Pubertal stage, nvis

1 1,516 1,647
2 473 462
3 394 184
4 392 247
5 675 270

Menarche n = 576
Mutation n = 452

SES, socioeconomic status; SD, standard deviation. 1 48,7% of the visits included were female, 51.3% were 
male. 2 SES and BMI-SDS at baseline visit. 3 Values expressed as mean ± SD.
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followed by the Tukey Honest Significant Difference test. LH- and 
FSH-cutoffs for puberty onset were obtained using ROC analysis. 
All statistical analyses were performed with the statistical software 
R V.3.4.0.

Results

Study Characteristics
2,657 children (48.7% female) with a total of 7,986 vis-

its were included. Demographic background characteris-
tics of the study sample are presented in Table 1. A low 
SES was less frequently observed than a mid or a high SES. 
Children with low SES were more likely to be OW com-
pared to children with middle or high SES.

Anthropometric Parameters of Pubertal Development
Puberty started earlier and lasted longer in girls than 

in boys (Table 2). The median age of pubertal onset was 
10.18 years in girls and 11.01 years in boys. The median 
age when reaching pubertal stage 5 was 14.77 years in girls 
and 15.24 years in boys. The duration of puberty was 4.59 
years in girls and 4.23 years in boys. In girls, the median 
age at menarche was 12.6 years. In boys, the median age 
of voice break was 13.26 years. In girls, higher BMI values 
were significantly associated with an earlier pubertal on-
set (NW: 10.3 years vs. OW: 9.51 years, p < 0.05) and an 
earlier age at menarche (NW: 12.6 years vs. OW: 12.22 

years, p < 0.05). In boys, however, pubertal onset was not 
significantly associated with weight group. Lower SES 
values were associated with earlier puberty in OW girls 
(Fig. 2). Girls with low SES entered puberty at a median 
age of 8.97 years, whereas girls with mid- and high SES 
did not enter puberty until the age of 9.65 and 10.02 years, 
respectively. In other terms, at the age of 8.97 years, 50% 
of the girls with low SES had already entered puberty 
compared to 23% of the girls with mid-SES (p = 0.17) and 
3.8% of the girls with high SES (p = 0.05). Furthermore, 
in OW girls with low SES, the duration of puberty was 
1.15 years longer than in girls with high SES (4.91 vs. 3.76 
years). In both NW and OW boys with low SES, a trend 
toward earlier puberty was observed but did not reach 
statistical significance. The age of pubertal onset in NW 
boys was 10.73 and 11.17 years for low and high SES (p = 
0.13), the age of pubertal onset in OW boys was 10.97 and 
11.24 years for low and high SES (p = 0.21). In boys with 
low SES, the duration of puberty was slightly longer for 
OW boys than in NW boys (4.51 vs. 3.78 years). We found 
no significant difference in age at menarche between girls 
of low, mid-, and high SES, neither among NW nor 
among OW girls. However, age at mutation in boys was 
significantly associated with lower SES values: NW boys 
with low SES experienced mutation significantly later 
than boys with high SES (14.02 vs. 13.15 years, p < 0.05), 
whereas OW boys with low SES experienced mutation 
significantly earlier than boys with high SES (13.13 vs. 

Table 2. Parameters of pubertal development by gender, weight group 2 and 3, and SES

Female Male

age at  
pubertal onset, 
yr (n)

age at end  
of puberty,  
yr (n)

duration 
of puberty,1 
yr

age at  
menarche, 
yr (n)

age at  
pubertal onset, 
yr (n)

age at end  
of puberty, 
yr (n)

duration  
of puberty,1 
yr

age at  
mutation, 
yr (n)

All 10.18 (372) 14.77 (379) 4.59 12.55 (576) 11.01 (366) 15.24 (194) 4.23 13.26 (452)
NW2 10.3 (301) 14.99 (295) 4.69 12.6 (452) 11.02 (301) 15.27 (154) 4.25 13.23 (374)
Low SES 10.23 (20) 14.65 (34) 4.42 12.79 (45) 10.73 (22) 15.24 (9) 4.51 14.02 (31)
Mid-SES 10.27 (192) 14.94 (178) 4.67 12.81 (266) 10.97 (170) 15.26 (79) 4.27 13.11 (211)
High SES 10.38 (80) 15.14 (58) 4.76 12.85 (100) 11.17 (102) 15.14 (57) 4.17 13.15 (117)
OW3 9.51 (74) 13.94 (99) 4.43 12.22 (152) 10.95 (65) 15.12 (45) 4.17 13.49 (101)
Low SES 8.97 (25) 13.88 (29) 4.91 12.35 (39) 10.97 (15) 14.76 (10) 3.78 13.13 (18)
Mid-SES 9.65 (35) 14.05 (49) 4.4 12.24 (81) 10.92 (37) 15.10 (28) 4.18 13.10 (65)
High SES 10.02 (10) 13.78 (14) 3.76 12.31 (22) 11.24 (9) 15.41 (5) 4.17 14.29 (15)

Age is expressed as median. Importantly, lower SES values in OW girls were associated with earlier puberty onset and longer dura-
tion of puberty and in NW/OW boys with a trend toward earlier puberty onset and with higher/lower age at mutation. NW, normal 
weight; OW, overweight or obese; SES, socioeconomic status. 1 As defined by the time interval from the median pubertal onset to the 
median end of puberty in each subgroup. 2NW = normal weight, as defined by BMI-SDS from −1.88 to 1.28. 3 OW = overweight or 
obese, as defined by BMI-SDS >1.28.
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Fig. 2. The probability of puberty onset at each age according to gender (a, male; b, female), weight group1,2, and 
SES. Lower SES values were associated with earlier puberty in OW2 girls. 1NW as defined by BMI-SDS from −1.88 
to 1.28. 2OW as defined by BMI-SDS >1.28. NW, normal weight; OW, overweight and obese; SES, socioeconom-
ic status.
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14.29 years, p < 0.05). In summary, lower SES values were 
(a) associated with earlier and longer puberty in OW girls 
and (b) with a trend towards earlier puberty and with lat-
er/earlier age at mutation in NW/OW boys.

Gonadotropin Measurements
The mean and standard deviation of serum LH and 

FSH values in boys and girls across different stages of pu-
berty are shown in Figure 3. In boys, mean serum LH lev-
els increased significantly from pubertal stages 1–5, mean 
serum levels of FSH changed significantly from pubertal 
stages 1–4 (p < 0.001). Based on the ROC-curve, the best 

cutoff value of serum LH for predicting gonadarche in 
boys was 0.56 IU/L with a sensitivity and specificity of 86 
and 88%, respectively (Fig. 4). The area under the curve 
was 0.906 (CI: 0.892–0.921). The cutoff value of serum 
FSH was 1.74 IU/L with a sensitivity and specificity of 
76%. The area under the curve was 0.841 (CI: 0.823–
0.859). In girls, there was no significant change in LH lev-
els between pubertal stages 1 and 2. An increase can only 
be seen from stages 2–4. Although serum levels of FSH 
rise significantly from pubertal stages 1–3, a possible cut-
off for thelarche as determined by ROC analysis showed 
only poor sensitivity and specificity. Therefore, cutoff 
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Fig. 3. LH and FSH serum values in boys (a) and girls (b) during puberty. The black dot within the boxplot rep-
resents the mean (additionally labeled with mean ± SD). LH, luteinizing hormone; FSH, follicle-stimulating hor-
mone; SD, standard deviation.
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values of both LH and FSH seem inappropriate as sero-
logical markers for determining thelarche. No significant 
differences in girls’ and boys’ LH and FSH levels between 
the different SES groups were observed during puberty 
(results not shown).

Discussion

Pubertal Timing, BMI, and Socioeconomic Status in 
the Light of Existing Literature
Many countries are experiencing an epidemic of pedi-

atric obesity, which is more prevalent in lower SES groups 
[24]. However, although it is well known that a critical 
body weight and/or fat mass must be achieved for the on-
set of puberty [25], the influence of BMI on pubertal de-
velopment is still controversial [26–29]. In our study, el-
evated BMI was significantly associated with earlier the-
larche in girls but not with earlier puberty in boys. This is 
in line with a large body of literature that supports the 
hypothesis that higher BMI is associated with earlier pu-
berty in girls [28, 30–33]. However, a few controversial 
results in European cohort studies have also been pub-
lished [26, 34]. In boys, the relationship between pubertal 
onset and BMI is less consistent [8, 11, 28, 29]. Despite 
the possible influence of BMI on pubertal timing, BMI 
was not found to (solely) mediate the associations be-

tween SES variables and pubertal onset [14], age at men-
arche [15], or breast development [24]. Our findings, too, 
suggest an effect of SES beyond the weight group effect. 
Especially, OW girls with low SES had earlier thelarche 
and longer puberty than OW girls with high SES. A Ca-
nadian study found girls from low SES enter puberty ear-
lier and go through puberty at a slower pace [2]. A study 
from Australia, too, found an association of socioeco-
nomic disadvantage and early puberty [14], whereas a re-
cent meta-analysis did not find a significant association 
[17]. Regarding menarchal age, we found no associations 
with SES contrary to the German KiGGs study and stud-
ies from the US reporting a positive correlation [11, 15, 
16]. In boys with low SES, we observed a trend of earlier 
puberty and an association of SES with age at mutation in 
both NW and OW boys. Interestingly, low SES was sig-
nificantly associated with later mutation in NW boys, but, 
on the contrary, with earlier mutation in OW boys. How-
ever, these findings are based on self-reported data and 
should be viewed critically. Additionally, a comparison of 
pubertal timing between studies should be made careful-
ly. Differences in design and composition of study co-
horts, the methodology of measuring puberty onset and 
ongoing puberty as well as regional conditions differ 
widely and have to be seen in a geographical or ethnic 
context.
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Fig. 4. Receiver operating characteristic curve of LH (a) and FSH (b) to predict gonadarche in boys as defined by 
testicular volume ≥3 mL. N = 361 (total number of boys entering gonadarche). LH-cutoff: 0.56 IU/L, AUC: 0.906 
(0.892–0.921), sensitivity: 0.86, and specificity: 0.88. FSH-cutoff: 1.74 IU/L, AUC: 0.841 (0.823–0.859), sensitiv-
ity: 0.76, and specificity: 0.76. LH, luteinizing hormone; FSH, follicle-stimulating hormone.
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Possible Links between Low Socioeconomic Status and 
Earlier Puberty
Pubertal timing may play a mediating role between 

early social disadvantages and health disparities later in 
life as suggested by Sun et al. [14]. The mechanisms by 
which socioeconomic disadvantage might contribute to 
the risk of early puberty are not yet clear and thus, specu-
lative. We discussed the possible impact of BMI on early 
puberty. BMI was not found to exclusively mediate the 
associations between SES variables and pubertal timing. 
There may be other environmental, behavioral, and phys-
iological effects by which SES influences early pubertal 
development. An alternative pathway by which SES might 
mediate puberty onset is through increased exposure to 
stress associated with lower SES [2, 13, 35–39]. Results 
from the German KiGGS study suggest that children and 
adolescents with low SES are half as likely as those with 
high SES to have good general health; they were signifi-
cantly more affected by psychological and behavioral dif-
ficulties [11]. Exposures to stress could influence physi-
ological and psychological processes, resulting, for exam-
ple, in cell/molecular damage [36], poorer emotional 
health [12], and health behavior, like reduced physical 
activity and poor diet [13]. Moreover, exposure to early 
life stress could influence both the hypothalamic-pitu-
itary-gonadal and hypothalamic-pituitary-adrenal axes 
and thus provide a link to advanced pubertal maturation 
[40]. Hochberg and Belsky [41] reviewed the understand-
ing of pubertal maturation from an evolutionary life-his-
tory perspective. The life-history theory as a branch of 
evolutionary biology provides a theoretical framework 
for explaining the individual reproductive strategies that 
organisms use to allocate their limited time and energy to 
shaping the stages of their life. According to this theory, 
exposure to different childhood environments biases 
children toward different reproductive strategies that 
may include early pubertal timing [14, 37, 42]. The theo-
ry constitutes a set of assumptions. Belsky (1991) and El-
lis (2004) proposed the psychosocial acceleration/devel-
opmental theory to account for the relationship between 
early pubertal maturation and environmental stressors, 
characterized by high levels of familial interpersonal 
stress and untrustworthy pair-bonds [37, 42]. Under such 
adverse conditions, girls show earlier and accelerated pu-
berty because paternal investment is unreliable/not re-
lated to the reproductive success of offspring. Therefore, 
early puberty and a longer period of reproduction in chil-
dren from disadvantaged contexts may also be seen as an 
advantage, though, according to Belsky (1991), probably 
more an advantage of quantity, less of quality [37]. On the 

metabolic level, the early stressful environment is sup-
posed to lead to an internalization of problems, changes 
in metabolism and body fat and thus to an earlier onset 
of puberty [14, 37, 42]. Our study neither delivered data 
on early adverse life events nor biochemical markers of 
stress, and it gives no answer to the question of how this 
could influence centrally induced pubertal onset. Further 
research is needed to investigate the possibility of an evo-
lutionary benefit of earlier puberty onset in case of a more 
demanding early environment.

Luteinizing Hormone- and Follicle-Stimulating 
Hormone-Serum Levels as Markers for Puberty Onset
It is well known that LH and FSH as mediators of pu-

bertal development increase with advancing puberty. To 
estimate a cutoff value for serum LH (0.56 IU/L) and se-
rum FSH (1.74 IU/L) as serological predictors of gonad-
arche in boys, we compared these measures to testicular 
volume, a widely used anthropometric standard in the 
determination of puberty onset in boys [43]. An earlier 
Argentinian study found an optimal LH-cutoff of 0.65 
IU/L and an FSH-cutoff of 2.5 IU/L in boys based on lab-
oratory measures of 20 boys [44]. An Indian study found 
an optimal LH-cutoff value comparable to ours (0.53 
IU/L, AUC: 0.59) [45]. The AUCs of the present study 
indicates that pubertal boys can be distinguished from 
prepubertal boys by determining LH and FSH with high 
sensitivity and specificity. The cutoff value could help to 
verify the puberty onset, though its validity is yet unclear. 
A single hormone measurement during clinical practice 
may not always predict pubertal onset among individual 
boys [46]. If verification of pubertal onset is needed, LH 
measurements following stimulation with gonadotropin-
releasing hormone (GnRH) or a gonadotropin-releasing 
hormone analog may be required [47]. In girls, LH and 
FSH show a larger variability across all puberty stages (as 
indicated in Fig. 3). It was, therefore, impossible to deter-
mine a cutoff level for puberty onset with good validity 
measures for either parameter.

Strengths and Limitations
Our study has limitations worth noting. We deter-

mined the duration of puberty based on median values of 
onset and end of puberty. Longitudinal data from a larger 
sample would allow for determination of individual pu-
berty courses. Despite the large amount of study subjects, 
case numbers at least in some subgroups are small. We 
did not evaluate data on diurnal rhythm of LH and FSH 
serum values. As is true for most population-based stud-
ies, families with mid- and high SES are over-represented 
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in our study sample. Personal initiative and interest in 
health issues are necessary prerequisites and probably less 
pronounced in people with lower SES [48]. Because our 
study cohort includes an unintended selection of presum-
ably more health-conscious families, it is possible that the 
observed effects may be even more pronounced in the 
target population. Our study does not contain data on 
SES in early childhood. In some cases, the SES at first 
visit might not be equal to the SES in early life years cru-
cially relevant for child development. The main strengths 
of our study are the large sample size and the standardized 
assessment that allowed us to provide a variety of puber-
tal parameters. To the best of our knowledge, this is the 
first European study that examines the impact of SES not 
only on pubertal turning points like menarche and pu-
berty onset but on the duration of puberty. Cutoff values 
for LH and FSH in boys were determined with high diag-
nostic sensitivity and specificity. LIFE Child is 1 of the 
largest running cohorts of healthy children and adoles-
cents in Europe and, therefore, well suited for the deter-
mination of representative pubertal and hormone param-
eters.

Conclusion

In summary, we established pubertal parameters in-
cluding puberty onset and duration, age of menarche/
mutation, and pubertal hormone values of LH and FSH 
in a large sample of German children and adolescents. We 
showed that low SES is associated with earlier thelarche 
and longer puberty especially in OW girls and with a 
trend toward earlier puberty in boys. Finally, we propose 
cutoff values of serum LH and FSH to predict gonadarche 
in boys.
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