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The pubertal growth spurt is diminished in children with severe
obesity
Anton Holmgren1,2, Gabriel Á Martos-Moreno3,4,5,6, Aimon Niklasson1, Julián Martínez-Villanueva3, Jesús Argente3,4,5,6,7 and
Kerstin Albertsson-Wikland8

BACKGROUND: At the population level, there is a negative linear correlation between childhood body mass index (BMI) and
pubertal height gain. However, in children with obesity, there are no studies showing whether the severity of obesity affects
pubertal height gain. Moreover, how obesity in childhood affects pubertal timing is controversial, especially in boys. We aimed to
investigate the impact of severe obesity in childhood on the pubertal growth spurt in both sexes.
METHODS: The study group consisted of 68 patients (32 boys) with childhood onset obesity followed in a Spanish university
hospital. The QEPS growth model was used to calculate pubertal growth function estimates for each individual. The highest
individual prepubertal BMI SDS value was related to the age at onset of pubertal growth and pubertal height gain. Results were
compared to analyses from individuals in a community-based setting (n= 1901) with different weight status.
RESULTS: A higher peak BMI in childhood was associated with less specific pubertal height gain in children with moderate-to-
extreme obesity. For boys, the higher the BMI, the earlier the onset of pubertal growth. For girls with obesity, this correlation was
not linear.
CONCLUSIONS: Obesity in childhood impairs the pubertal growth spurt in a severity-related fashion.
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IMPACT:

● The higher the BMI in childhood, the lower the pubertal height gain in children with moderate-to-extreme obesity.
● For boys with obesity, the higher the BMI, the earlier the onset of pubertal growth.
● The results contribute to the research field of how weight status in childhood is related to pubertal timing and pubertal growth.
● The results have implications for understanding how childhood obesity is related to further growth.

INTRODUCTION
Puberty is a biological process where an individual makes a
transition from an immature child to a reproductively competent
mature adult. Not going into puberty is dependent on active
inhibition whereby the central nervous system suppresses the
hypothalamic–pituitary axis, and it is still enigmatic how this
suppression is released, and puberty begins. Puberty is dependent
upon a rise in sex steroid secretion, which induces secondary sex
characteristics and promotes growth, determining the pubertal
growth spurt in a sex-specific fashion.1–3 Muscle and adipose
tissue are also metabolic active, not only as target tissues but also
as hormone-secreting organs. Growth hormone (GH), insulin, and
insulin-like growth factor 1 (IGF-1) are important hormones for
growth/height gain during childhood and puberty.1 During
puberty, secondary sex characteristics develop and there are
typical changes in body composition, with increased fat mass and
altered fat distribution in females (hips and breasts) and increased
muscle mass in males.1 During puberty, there is an increase in

height gain velocity, known as the pubertal growth spurt; the
slowly declining height velocity of childhood is changed to an
acceleration of height velocity, followed by a decline in height
velocity until adult height is reached. Puberty generally occurs
earlier in girls, thus resulting in an earlier pubertal growth spurt,
and the mean height gain is greater for boys during puberty.4,5

It has been a challenge to adequately describe and model
pubertal growth due to variations in the timing and the S-shaped
pattern of growth characterizing puberty.6 Onset of the pubertal
growth spurt can be identified based on the lowest height velocity
preceding the spurt, sometimes referred to as take-off.1,7 The
QEPS-growth model is a tool for detailed investigation of growth
patterns in general and pubertal growth in particular, thus making
it possible to analyze timing and total height gain of the pubertal
growth spurt in individuals.8,9

Body mass index (BMI), kg/m2, correlates with fat mass in
children and is the most common proxy for defining whether a
child or adolescent is thin, normal weight, overweight, or
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obese.10,11 BMI during childhood is generally much lower
than in adulthood and has an age- and sex-specific pattern.12

Due to this fact, it is necessary to use age and sex standardized
BMI (BMI SDS) instead of raw BMI values in pediatric clinics and
research.11

Since the early–mid-twentieth century, it has been shown that
prepubertal children with obesity in general are taller than
normal-weight children and that being overweight or obese
during childhood is associated with increased height velocity.13–17

This accelerated linear growth in children with obesity usually
associates with advanced bone age (BA) maturation, assessed by
X-ray of the non-dominant hand, routinely used in pediatric
clinics.18–20 Nutritional factors affecting weight during childhood
may also influence the timing of puberty.15,21 The trend for
puberty to start earlier over time as seen during the past 100 years
in westernized societies is postulated to be related to a parallel
increase in weight/BMI during childhood.22,23 Indeed, previous
studies have shown an association between obesity/high BMI
during childhood and early puberty in girls; for boys, this
correlation is more heterogeneous.14,15,24,25 Our study in a
community-based longitudinal setting (including a limited num-
ber of children with obesity) showed an inverse linear correlation
between the highest childhood BMI SDS and specific pubertal
height gain (estimated by the QEPS model); the higher the BMI
during childhood, the less the pubertal height gain.26 To our
knowledge, how the pattern of pubertal growth is related to the
severity of obesity in a cohort of children with moderate-to-
extreme obesity has not been investigated. It is possible that a
decrease in pubertal height gain in children with obesity is related
to accelerated prepubertal growth, associated with an accelerated
BA during late childhood. The increase in standardized height
above that determined by target height on the basis of an
advanced BA observed in most patients with childhood obesity
may limit the potential growth remaining for puberty.
The aims of the present study were:

1. To investigate whether higher standardized childhood BMI
in children with moderate/extreme obesity is associated
with a further reduction in specific pubertal height gain
compared to the findings from individuals with a wide
range of BMI levels,26

2. To study whether this association is determined by the
degree of obesity-induced BA acceleration, and

3. To investigate whether the age at the onset of pubertal
growth is related to the severity of obesity in children with
moderate-to-extreme obesity.

METHODS
Patients
Ninety-eight adolescents with childhood onset of obesity
(BMI >+2 SDS according to the International Obesity Task Force
references) from the obesity clinic at the Department of
Endocrinology of the University Hospital Niño Jesús, Madrid,
Spain were studied.11,20 All patients and their parents or guardians
gave informed written consent as required by the local ethics
committee, which had previously approved the study in
accordance with the “Ethical Principles for Medical Research
Involving Human Subjects” adopted in the Declaration of Helsinki
by the World Medical Association (64th WMA General Assembly,
Fortaleza, Brazil, October 2013). Patients were studied to rule out
any underlying pathological condition or syndromic cause of
obesity prior to their enrolment in this study. Longitudinal
measures of height and weight together with information of
pubertal development according to Tanner staging was obtained
from clinical visits.4,5 The BMI values from each visit were
transformed to BMI SDS to yield age- and sex-specific BMI

scores.11,27 The maturation of the bones of the non-dominant
hand and wrist was evaluated by X-ray for estimation of BA.19

Every BA was determined by the same pediatric endocrinologist
and later blindly re-read by a second pediatric endocrinologist, in
order to ensure quality control. In this study, the highest BMI SDS
recorded between 3.5 years and the onset of puberty (i.e., Tanner
II) was used for analysis. This was done to reflect the stable period
of childhood growth in height. The methodology used has been
previously published26; hence, comparisons are straight forward
with the same methodology as in the previous paper. Longitudinal
height data were analyzed by the QEPS growth model.8,9 This
analysis was performed on 68 patients (36 girls and 32 boys) all of
whom had reached adult height and had sufficient growth data in
the prepubertal period recorded in their longitudinal follow-up to
adequately fit the model. The analyses included visual curve
analysis for each individual and re-evaluation of height/weight
values to select individuals with growth data of high quality (30
patients did not adequately fit the model requirements due to
insufficient longitudinal growth data availability and a few
registration or measurement errors were corrected/withdrawn).
The children had taller heights at onset of puberty (+0.7 in
females to +0.8 SDS in males), compared to the national Spanish
reference27 (Table 1). As seen in Table 1, there were no statistically
significant differences between the predicted adult heights from
mid-parental heights and the achieved adult heights.

Community-based study group for comparison
A subgroup from the GrowUp 1990 Gothenburg cohort consisting
of healthy individuals, as well as children/adolescents with obesity,
born at full term (gestational age 37–42 week) in Sweden with
longitudinal growth data was analyzed.26 Weight and height had
been measured by experienced nurses at well-baby clinics and at
schools in Gothenburg, Sweden and surrounding municipalities.28

All individuals, as well as their parents/guardians for individuals
aged <18 years, gave informed consent as required by the local
ethics committee, which had previously approved the study. In
total, the study group included 1901 individuals (929 females, 972
males). The BMI values from each visit were transformed to BMI
SDS to yield age- and sex-specific BMI scores.11 For the analyses in
the present study, the highest BMI SDS obtained between 3.5 and
7 years of age for girls and 8 years of age for boys was used and
for categorizing the subjects into underweight, normal
weight, overweight, and obese subgroups.11 The use of a different
age range for boys and girls was due to the difference
between the sexes in the timing of puberty, to be sure that no
individual had entered puberty at the time when the
highest prepubertal BMI SDS was recorded. This was done to
reflect the stable period of childhood growth in height. The
methodology used has been previously published26; hence,
comparisons are straight forward with the same methodology
as in the previous paper. Longitudinal height data were analyzed
by the QEPS growth model.8,9 This study group has been
described in detail in a previous publication.26 In the current
study, the data from children with overweight and obesity (187
girls and 190 boys) were used for comparisons with the clinical
study group of children with moderate-to-extreme obesity. The
children had taller heights at onset of puberty (+0.5 in females
to +0.6 SDS in males), compared to the national Swedish
reference29 (Table 1).

The QEPS growth model
QEPS describes individual growth using a combination of four
basic growth functions modeling total height (T) in cm as a
function of age; T(age)=Q(age)+ E(age)+ P(age)− S(age). The Q-
function and the negative exponential E-function both start
during fetal life, 8 months before birth; the E-function levels off
after birth, whereas the Q-function continues until the end of
growth.8,9 A specific pubertal P-function starts at the onset of
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puberty, and growth during puberty is determined by the
continuing Q-function and the specific P-function (Fig. 1). A stop
S-function ends growth. For the E-, Q-, and P-functions, an
individual height-scale parameter is defined, and for the E- and P-
functions, a time-scale parameter, together with individual timing
of puberty (AgeP50) giving six modifying parameters, which
makes it possible to model individual growth curves from birth to
adult height. The QEPS growth model was used in the present
study to analyze individual growth patterns. The Mathlab®
software program (version 7.13.0 R2012b, The Mathworks)
was applied with the QEPS model formulae to construct
individual growth curves and calculate QEPS variables for each
studied individual. The model has been described in detail in

other publications.8,9 In the present study, the specific pubertal
gain in height (Pmax, height gain due to the P-function in cm) and
onset of the pubertal growth spurt (AgeP5, the time in years
where 5% of the specific pubertal height gain is reached) related
to the highest prepubertal BMI SDS for each individual was
analyzed.

Statistical analyses
Mann–Whitney U test was used for to compare growth estimates
from the QEPS model and the highest prepubertal BMI SDS (non‐
normally distributed values in this study population). A p value
<0.05 was considered statistically significant. The relationships
between quantitative normal variables were studied by linear
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Fig. 1 The QEPS growth model. Left: The four mathematical functions of the QEPS model that are combined to describe total gain in height
(T) from fetal life to adulthood: Quadratic (Q), Exponential (E), Pubertal (P), and Stop (S). B= birth, marked with a vertical line. t0= about
6 weeks after conception. The three vertical arrows indicate the fitted individual height-scale parameters, from left to right Eheightscale,
Qheightscale, and Pheightscale. The two horizontal arrows indicate the time-scale parameters, from left to right Etimescale and Ptimescale,
and the sixth parameter is the location of mid-puberty, AgeP50, indicated with a dot. Right: height and height velocity graphs where onset of
pubertal growth—ageP5, representing the time where 5% of the specific pubertal height gain is reached, is indicated. The specific pubertal
height gain, Pmax, what the P-function adds to the ongoing Q-function growth is noted in the upper right of the figure.

Table 1. Characteristics of the study population.

Clinical obese cohort Ow/ob, community cohort

Girls (n= 36) Boys (n= 32) Girls (n= 187) Boys (n= 190)

Mean SD Mean SD Mean SD Mean SD

Birth length (cm) 49.1 2.22 50.7 2.20 50.4 2.03 51.1 2.26

Birth length SDS +0.21 1.30 +0.45 1.32 +0.14 0.97 +0.14 1.08

Birth weight (g) 3080 539 3285 592 3712 569 3760 534

Birth weight SDS +0.10 1.07 +0.05 1.46 +0.55 1.19 +0.37 1.09

GA (weeks) 38.7 2.20 39.1 1.34 40.3 1.27 40.2 1.30

BMI SDSa 4.15 1.38 4.57 1.87 1.81 0.51 1.96 0.64

Height at AgeP5b (cm) 137.6 8.31 146.9 8.48 140.4 7.56 152.7 7.20

Height SDSc at AgeP5 +0.7 +0.8 +0.5 +0.6

BA− CA baseline +0.71 1.19 +0.80 1.12

Target heightd (cm) 159.3 5.10 171.4 5.93

Adult height (cm) 160.9 4.52 172.7 5.91 168.2 6.28 181.9 7.10

Difference TH− AH (cm) 1.6 (NS) 1.3 (NS)

Ow/ob overweight and obesity, GA gestational age in weeks, BA bone age in years, CA chronological age in years, baseline, before puberty, AH adult height,
defined as a growth rate <1 cm in the previous year, NS non-significant.
aHighest prepubertal BMI SDS.
bHeight at onset of pubertal growth as 5% of the specific P-function in QEPS.
cHeight in SDS related to the national growth references.
dTarget height according to mean modified parental TH, predicted.
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correlation analysis (ANOVA/Pearson’s r), whereas Spearman’s rho
was used for non‐normally distributed variables. The analyses
were performed both in relation to the highest individual
prepubertal BMI SDS and related to subgroups where the
clinical study groups where divided into moderate obesity (BMI
SDS <+4.0) and extreme obesity (BMI SDS >+4.0). The individuals
in the community-based study group with overweight (BMI
SDS +1.2) and obesity (BMI SDS +2) was one subgroup. Statistical
analyses were performed using the software Statistical Package for
Social Sciences (SPSS v. 15.0. MapInfo Corporation, Troy, NY, USA).
SAS software was used for the analyses/graph building in Figs. 2–4
(SAS Institute Inc., Cary, NC, USA, version 9.3).

RESULTS
Specific pubertal height gain versus highest childhood BMI SDS
In both sexes, children with extreme obesity had the lowest
specific pubertal height gain (Pmax) compared to individuals with
overweight–moderate obesity (p < 0.01; Table 2 and Fig. 2). For
boys, there was an inverse linear correlation across the entire BMI
spectrum between the highest childhood BMI SDS and pubertal
height gain, with almost identical regression lines in the two
different study groups (Pmax= 17.83+ BMI SDS ×−1.44 versus
Pmax= 17.99+ BMI SDS ×−1.44) as seen in Fig. 2. In the
subgroup of boys with extreme obesity, the specific pubertal
height gain was 5.74 cm less compared to boys with overweight
and obesity in the community-based cohort. For girls, the
regression lines were not identical, with smaller differences in
the group of girls with extreme obesity (Fig. 2). The difference of
Pmax (1.43 cm) between girls with obesity in the clinical setting
and girls with overweight and obesity in the community-based

study group was just below statistical significance (p= 0.056),
whereas the difference between girls with extreme obesity and
the group of girls with overweight and obesity of 2.3 cm was
significant (p= 0.024) as seen in Table 2.

35

30

25

20

15

10

5

0

P
m

ax
 (

cm
)

–3 –2 –1 0 1 2 3 4 5 6 7 8 9 10

BMISDS

Fig. 2 Specific pubertal height gain in cm (Pmax) and highest
childhood BMI SDS. The specific pubertal gain in adult height,
Pmax, is related to the highest prepubertal BMI SDS for each girl
(red) and boy (blue). Pmax is the growth in cm during the pubertal
years due to the specific P-function from QEPS model. Girls in the
clinical obesity cohort are shown as red triangles, girls in the
community-based cohort as red cross. Boys in the clinical obesity
cohort are shown as blue cross, boys in the community-based
cohort as blue circles. Mean values for girls are shown with a red
regression line, for boys with a blue regression line, for each cohort.
The shaded red/blue areas indicate 95% CI of the regression lines.
For boys, regression lines in the community-based cohort: Pmax=
17.83+ BMI SDS ×−1.44 (p < 0.0001); in the clinical obesity cohort:
Pmax= 17.99+ BMI-SDS ×−1.44 (p= 0.0047). For girls, the regres-
sion lines in the community-based cohort: Pmax= 13.43+ BMI
SDS ×−1.22 (p < 0.0001), in the clinical obesity cohort: Pmax=
12.08+ BMI SDS ×−0.57 (p= 0.39).

25

20

15

10

5

0

P
m

ax
 (

cm
)

–3 –2 –1 0 1 2 3 4 5

Difference BA – CA (years)

Fig. 3 Specific pubertal height gain (Pmax) versus bone age
advancement. The specific pubertal gain in adult height, Pmax (cm),
is related to the difference between bone age (BA) and chron-
ological age (CA) in years for girls (red crosses) and boys (blue
circles) in the clinical obesity cohort. Children with the most
accelerated BA had the lowest height gain (r2 linear= 0.287, p=
0.006 in boys, r2 linear= 0.154, p= 0.02 in girls). The shaded red
(girls) and blue (boys) areas indicate 95% CI of the regression lines.

15

14

13

12

11

10

9

8

7

6

5

A
ge

P
5 

(y
ea

rs
)

–3 –2 –1 0 1 2 3 4 5 6 7 8 9 10

BMISDS

Fig. 4 Onset of pubertal growth in years (AgeP05) and highest
childhood BMI SDS. The onset of pubertal growth in years AgeP05,
is related to the highest prepubertal BMI SDS for each girl (red) and
boy (blue). Girls in the clinical obesity cohort are shown as red
triangles, girls in the community-based cohort as red crosses. Boys
in the clinical obesity cohort are shown as blue crosses, boys in the
community-based cohort as blue circles. Mean values for girls are
shown with a red regression line, for boys with a blue regression
line, for each cohort. The shaded red/blue areas indicate the 95% CI
of the regression lines. For boys, the regression lines in the
community-based cohort AgeP05= 11.8+ BMI SDS ×−0.12 (p <
0.0001); in the clinical obesity cohort: AgeP05= 12.05+ BMI SDS ×
−0.17 (p= 0.086). For girls, the regression lines in the community-
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clinical obesity cohort: AgeP05= 9.14+ BMI SDS × 0.025 (p= 0.82).
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Specific pubertal height gain versus BA advancement
In the whole cohort from the clinical setting, there was a
significant advance in BA versus chronological age (Table 1, p <
0.001). For both boys and girls, there were statistically significant
differences in the specific pubertal height gain (Pmax) related to
BA. The difference between chronological age and BA, with most
individuals having some degree of advanced BA, were related to
the specific pubertal height gain. Children with the most
accelerated BA had the lowest height gain (p= 0.006 in boys,
p= 0.02 in girls; Fig. 3). Due to lack of BA data in the community-
based study group, this analysis was performed only in the clinical
study group.

Onset of pubertal growth versus highest childhood BMI SDS
For both sexes, children with obesity had the earliest onset of
pubertal growth (Table 2 and Fig. 4). For boys, there were
statistically significant differences regarding the onset of
pubertal growth (AgeP5) related to the highest childhood BMI
SDS. An inverse linear correlation across the entire BMI
spectrum was found between the highest childhood BMI SDS
and onset of pubertal growth, with similar regression lines in
the two different study groups (AgeP5= 11.80+ BMI SDS ×
−0.12 versus AgeP5= 12.05+ BMI SDS ×−0.17) as seen in
Fig. 4. Boys with the highest degree of obesity (the subgroup of
boys with extreme obesity with BMI >4 SDS) demonstrated an
onset of pubertal growth 7.2–8.4 months earlier compared to
the boys with moderate obesity in the clinical subgroup and
boys with overweight and obesity in the community-based
subgroup. For girls, the regression line was flattened in the
group of girls with moderate-to-extreme obesity (the clinical
study group), meaning no further statistically significant
advance in the onset of pubertal growth with higher degrees
of obesity (Fig. 4).

DISCUSSION
The main finding of this study was that children of both sexes with
severe obesity (>+4 BMI SDS) had the lowest pubertal height gain
and that boys with severe obesity had a significantly earlier onset
of pubertal growth. To our knowledge, this is the first study to
investigate how different degrees of overweight and obesity
during childhood are related to the pubertal height gain. This
study confirms the relationship of high BMI in childhood and a
diminished pubertal growth spurt for both sexes suggested in
some previous studies.16,17,26,30,31 The children in the present
study also had pronounced growth during childhood, with taller

heights at onset of puberty (compared to national references27,29),
confirming the results from other studies.14–17,26,31

The general sex differences in pubertal growth, with a more
pronounced growth spurt in boys, was less apparent in the
subgroup of children with extreme obesity where boys with
extreme obesity (>+4 BMI SDS) had a smaller pubertal growth
spurt similar to girls with extreme obesity (8.93 versus 8.86 cm). An
explanation for the reduction in the specific pubertal height gain
associated with a higher childhood BMI could be that obesity
during childhood accelerates bone maturation. With an older
(more advanced) BA before puberty, the remaining growth
potential before reaching adult height is reduced, with less height
gain left for the pubertal growth spurt. The present study confirms
this theory since there was a strong linear correlation between
accelerated BA and reduced specific pubertal height gain. There
was a lack of difference between the adult height for both girls
and boys and their mid-parental height, reinforcing the concept
that the patients finally reach their target height, however,
growing more in the prepubertal period and less during the
pubertal years. Children with obesity have low levels of GH despite
growing at a normal or high growth velocity.32 IGF-I levels of the
patients with obesity were in the normal range.32 During puberty,
there is a marked increase in GH secretion rate,33 which coincides
with and probably explains part of the pubertal growth spurt. Our
results, showing a low pubertal height gain in boys with extreme
obesity, may be a result of a diminished increase in GH secretion
compared to boys with normal weight/more moderate obesity.
Earlier pubertal onset associated with childhood obesity has

been reported in numerous other studies, particularly for
girls.14,15,23–25,31,34,35 For boys, the results have been incongruous,
where some studies, mainly from the US, have reported late
puberty in boys with obesity,24,36 whereas most studies from other
parts of the world have reported earlier puberty associated with
childhood obesity.15,16,23,25,30,31 A recent study, also based on two
different populations (from the Belarus and the US), supports the
role of higher BMI in accelerating linear growth in early life with
earlier pubertal development and a reduced pubertal growth
spurt.37 A somewhat surprising result in our investigation is that
boys, but not girls, in this study setting appear to have a linear
correlation between both diminished pubertal height gain and
earlier puberty with a higher degree of obesity (higher BMI SDS).
The somewhat contradictory findings for girls in this study

regarding pubertal timing may be due to a nonlinear correlation
between childhood BMI and pubertal timing at the extreme end
of the spectrum, when obesity is very pronounced. Excess calorie
intake and being affected with obesity could both stimulate linear

Table 2. Pubertal growth estimates of the study population.

Clinical obese cohort Ow/ob, community cohort

(A) Girls, n= 36 (B) BMI < 4, n= 18 (C) BMI > 4, n= 18 (D) Girls, n= 187 Difference/p value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) D− A B− C D− C

Pmax, cm 9.73 (5.32) 10.59 (3.76) 8.86 (6.53) 11.16 (3.81) 1.43/0.056 1.73/NS 2.30/0.024

AgeP5, years 9.25 (1.37) 9.30 (1.34) 9.20 (1.44) 9.54 (1.05) 0.29/0.15 0.10/NS 0.34/0.21

Boys, n= 32 BMI < 4, n= 15 BMI > 4, n= 17 Boys, n= 190 Difference/p value

Mean (SD) Mean (SD) Mean (SD) Mean (SD) D− A B − C D− C

Pmax, cm 11.40 (5.52) 14.20 (5.54) 8.93 (4.30) 14.67 (3.79) 3.27/0.001 5.27/0.006 5.74/0.0001

AgeP5, years 11.27 (1.04) 11.69 (1.07) 10.89 (0.88) 11.58 (0.96) 0.31/0.096 0.80/0.03 0.69/0.006

Ow/ob overweight and obesity, Pmax specific pubertal height gain in cm, AgeP5 onset of pubertal growth in years. (A): the obese patient group, (B): the
moderate obese subgroup (highest prepubertal BMI+ 2–4 SDS), (C): the extreme obese subgroup highest prepubertal BMI >4 SDS), (D): the overweight/obese
group in the community-based cohort (BMI SDS+ 1.2–4.2).
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growth and lead to diminished inhibition from the hypothalamus
to the pituitary that initiates puberty.38 In girls with extreme
obesity, the higher secretion of estradiol from adipose tissue could
have an inhibitory effect on gonadotropin secretion modulating
the onset of puberty. This mechanism has been postulated as a
reason for late puberty in boys with obesity, seen in some
studies.36 Another possible explanation could be that the
secretion of estrogens from adipose tissue in contrast to estradiol
from the ovaries lack the circadian rhythm, thus interfering with
gonadotropin secretion from the pituitary. High estradiol levels or
a disturbed circadian rhythm of estradiol secretion could then
counteract a reduction in hypothalamic inhibition, explaining why
the correlation of obesity and early onset of pubertal growth
ceases to be linear in girls with extreme obesity. It should also be
kept in mind that there is a sex-specific feedback mechanisms of
estrogens at the hypothalamic level involving both positive and
negative feedback in males; a possible explanation of the sex
differences.39 The majority of studies on the relationship between
the timing of puberty and weight status during childhood have
been based on secondary sex characteristics, including age of
menarche in girls. The age of menarche, which is employed in
many studies of pubertal timing in girls as the main outcome, may
also have a different correlation to pubertal growth patterns in
girls with mild-to-moderate obesity compared to girls with
extreme obesity. Here a possible explanation for the inconsistent
findings regarding BMI and puberty for girls compared to other
studies could be that the correlation between secondary sex
characteristics and pubertal height gain differ in girls with extreme
obesity compared with girls of normal weight and girls with mild-
to-moderate obesity.
These possibilities and uncertainties call for further studies to

attain more insights into the mechanisms involved relating
childhood obesity and the timing of puberty and the pubertal
pattern of growth. At the individual level, BMI is sometimes not an
optimal measure of obesity as it is not always well correlated with
fat mass and may also be influenced by bone and muscle mass.
Future research related to the results of the present study may be
to study growth patterns, as described by the QEPS model, and
other measures of weight status/adiposity, such as waist
circumference, skin fold measurements, dual-energy X-ray absorp-
tiometric measures such as fat tissue and fat free mass, or
magnetic resonance imaging evaluations of fat mass.
The QEPS model enables detailed investigation of pubertal

growth. In previous studies, the model has been used to
characterize growth patterns in longitudinal community-based
cohorts. For the first time, the QEPS model now has been applied
in a clinical context, demonstrating the usefulness of the model in
this new setting. In contrast to Preece–Baines and other methods
describing pubertal growth, the QEPS model can both delineate
the onset of pubertal growth (AgeP5) and calculate the amount of
specific pubertal height gain (Pmax), separated from the ongoing
basic growth.1,9,40 The results of the study, showing a diminished
pubertal growth spurt related to high childhood BMI, indicate a
tendency to overestimate future height gain in children with
obesity. Hence, these results are not only of scientific value but
may also be useful in the clinical assessments of growth in
individual children.
The current study is not without limitations. The two different

study groups forming the basis of our investigation are very
different from each other. The mean adult heights of the clinical
study group were shorter than the Spanish population refer-
ences,27 however, similar or slightly taller than target heights (non-
significant difference), whereas the individuals with childhood
obesity and overweight in the community-based group were of
similar adult heights as the Swedish references.29 The difference
between the two study groups may be regarded as a limitation; on
the other hand, the almost identical regression lines for boys from
the two study cohorts may be seen as an indication of a universal

connection between BMI status during childhood and further
height gain during puberty in boys. The results of our study
should also be interpreted with some caution since the number of
patients with extreme obesity included is still rather limited. This
calls for further investigation in different cohorts and groups of
patients to confirm or modify the insights gained by the
current study.
In conclusion, the results of the present study show that

children of both sexes with extreme obesity had the lowest
specific pubertal height gain compared to individuals with less
severe obesity; childhood obesity impairs the pubertal growth
spurt in a severity-related fashion. For boys, our results regarding
both pubertal height gain and the onset of pubertal growth
indicate a linear correlation from normal weight, through
overweight and mild-to-extreme obesity. The findings of the
present study validate childhood BMI as an important modifier of
pubertal growth in both children with normal weight and children
with obesity.
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