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Background: Childhood BMI may influence subsequent 
growth in height as well as the timing of puberty. The aim of 
the present study was to investigate associations between BMI 
in childhood and subsequent height gain/pubertal growth.
Methods: Longitudinal growth data were used (GrowUp

1990
 

Gothenburg cohort, n = 1,901). The QEPS growth-model was 
used to characterize height gain in relation to the highest BMI

SDS
 

value between 3.5 and 8 y of age. Children were defined as over-
weight/obese (OwOb) or normal weight/underweight (NwUw), 
using the 2012 International Obesity Task Force criteria.
results: A negative association between childhood BMI

SDS
 

and pubertal height gain was observed. Already at birth, OwOb 
children were heavier than NwUw children, and had a greater 
height velocity during childhood. Onset of puberty was 3.5/3.0 
mo earlier in OwOb girls/boys, and they had 2.3/3.1 cm less 
pubertal height gain from the QEPS-models specific P-function 
than NwUw children. Adult height was not related to child-
hood BMI.
conclusion: We found that pubertal height gain was 
inversely related to peak BMI in childhood. Higher childhood 
BMI

SDS
 was associated with more growth before onset of 

puberty, earlier puberty, and less pubertal height gain, result-
ing in similar adult heights for OwOb and NwUw children.

human growth is a complex process influenced by both 
genetic and environmental factors. Secular trends, includ-

ing longer/heavier newborns, earlier puberty and taller adult 
heights have been observed during the past 150 y (1,2). These 
secular changes are related to changing living conditions (3,4), 
and are suggested to be linked to nutritional factors with 
increasing weight and BMI during infancy and childhood over 
time (5). The worldwide epidemic of childhood obesity has 
enhanced interest in the relationship between childhood BMI 
and subsequent growth (6). Childhood obesity that persists 
into adulthood often first manifests between 3 and 8 y of age, 
a time when height velocity usually is gradually decelerating.

Puberty induces a dramatic change in linear growth with 
increased height velocity, referred to as the pubertal growth 
spurt. Description of growth during puberty has been a chal-
lenge because previous growth models have not been able to 
both calculate precisely the specific pubertal growth function 
and model individualized pubertal growth. The SITAR-model 
was the first growth model that allowed for individualization 
of the pubertal growth (7). Another growth model is the Auxal 
model that in a computerized way can estimate and describe 
growth divided to childhood and adolescent periods (8). 
However, neither of these models can separate growth during 
puberty into different components, nor do they model growth 
from birth to adult height since fetal/infancy growth is not 
included. Both the infancy—childhood—puberty (ICP) growth 
model (9), and the new QEPS growth model (10) include fetal/ 
infancy growth and thereby model growth from early life to 
adulthood. Moreover, both models include a specific pubertal 
component within the total growth curve. In the ICP-model, 
this pubertal component takes a fixed form, whereas in the 
QEPS-model it takes an individualized shape-invariant form. 
The QEPS-model can describe individual patterns of growth in 
height from birth to adult height, defined by four mathemati-
cal functions; a Quadratic (Q) function, mainly representing 
the childhood component of growth, a negative Exponential 
(E) function, representing fetal and infancy growth, a Pubertal 
(P) function, and a Stop (S) function indicating end of linear 
growth (Figure 1a). The different growth-functions can be 
modified by both time-scale and height-scale parameters, thus 
describing individualized growth. The QEPS-model can also 
mathematically delineate estimates of pubertal growth from 
the total growth curve and from the specific P-function, and 
also gives estimates for the onset, middle and end of growth 
during puberty as shown in Figure 1b (11).

The aim of this study was to investigate the association between 
peak childhood BMI and subsequent gain in height, in partic-
ular the pubertal pattern of growth delineated by the QEPS-
model, using data obtained from the GrowUp1990Gothenburg 
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cohort. This was a population based sample of children born 
around 1990 (12). Preliminary versions of these results have 
been presented and published in abstracts (13,14).

METHODS
Study Design
The GrowUp1990Gothenburg birth cohort was the basis for the pres-
ent longitudinal study. The independent variable used to assess child-
hood weight status was based on the highest individual BMI SDS 
(BMISDS) between the ages of 3.5−8.0 y for boys and 3−7.0 y for girls. 
The dependent variables studied were birth-characteristics, growth 
estimates generated by the QEPS-model, and adult height. The age of 
3.5 y as lower age limit for peak BMI was used because BMI levels in 
infancy undergo rapid changes. The upper limit of 7 y for girls and 8 
y for boys was chosen due to the difference in pubertal timing (1), to 
ensure that the peak BMI occurred in childhood as opposed to being 
a reflection of early puberty.

Ethical approval was obtained from the Regional Ethical Review 
Board in Gothenburg, (Ad 444-08 T062-09), and all participants gave 
informed consent.

Study Population
Briefly, the GrowUp1990 cohort included 5,314 students, born around 
1990; the present study used data from healthy individuals born at full 
term (gestational age, 37–42 wk) in Sweden, where information on 
longitudinal growth until adult height was available (12). Weight and 
height had been measured by experienced nurses at well-baby clin-
ics and at schools in Gothenburg and surrounding municipalities. As 
part of the GrowUp1990 survey, height and weight were collected retro-
spectively from health records for final-year students in high schools 
in Gothenburg and the surrounding municipalities in 2008–2009. 
These measures was undertaken by the trained study team, individu-
als that seemed to have not reached adult height was then measured 
yearly until adult height. The study group was selected for the present 
study using the following steps:

1. Computerized selection of individuals with height/weight mea-
surements registered for each of the following ages; at birth; as 
an infant from 0 to 9 mo (two or more measurements); as a tod-
dler between 9 mo and 3.5 y; as a child from 3.5 to <6.0 y; as a 
schoolchild; from 6.0 to <9.0 y; as a juvenile from 9.0 to <12.0 y; 
in adolescence from 12.0 to <16.0 y; and in adulthood ≥16 y.

2. Visual growth curve analysis to confirm the growth characteris-
tics of the individuals in the study group.

The resulting analytic sample included 1,901 individuals identi-
fied by the above mathematical and visual selection (929 female, 972 
male). 45,950 measurements were obtained, on average 24 measure-
ments per individual (range 11–36 measurements).

For girls/boys in the analytic sample; birth-lengthSDS was 
−0.55/−0.50, birth-weightSDS was −0.19/−0.23; and at 18 y of age; 
heightSDS, weightSDS and BMISDS were +0.11/+0.19, +0.09/+0.27, and 
−0.11/+0.04, respectively, relative to current Swedish growth refer-
ences (1,15,16). As an indication of representativeness of the analytic 
sample, corresponding values for the entire sample of Nordic origin 
of the GrowUp1990-cohort at 18 y of age (n = 4,790) were: heightSDS 
+0.05/+0.14, weightSDS + 0.09/+0.23, and BMISDS +0.03/+ 0.18 for 
girls/boys, respectively (12).

Childhood BMI Classification and Calculations
The International Obesity Task Force (IOTF) BMI classification was 
used to define subjects as obese (Ob), overweight (Ow), normal 
weight (Nw), and underweight (Uw), during childhood (17), using 
crude BMI values that were transformed to BMISDS to yield age- and 
gender-specific BMI-scores. For the calculations, we used the high-
est BMISDS value obtained between 3.5 and 8.0 y for each boy and 
between 3.5 and 7.0 y for each girl. The BMISDS value for each child 
was related to different growth estimates from the QEPS-model. The 
analyses were made both as a continuum of the highest BMISDS for 
each child, and with the study population divided into OwOb and 
NwUw subgroups.

The QEPS-Model
The QEPS-model for individual growth is constructed using a com-
bination of four basic shape-invariant growth functions: a quadratic 
Q-function and a negative exponential E-function, both start-
ing during foetal life, 8 mo before birth; the E-function levels off 
after birth, whereas the Q-function continues until end of growth 
(10). A specific nonlinear pubertal P-function starts at onset of 
puberty, and a stop S-function ends growth according to both the 
Q-function continuing during puberty and the specific P-function. 
For each function, an individual height-scale parameter is defined, 
and for the E- and P-functions, a time-scale parameter; giving six 
modifying parameters in total, resulting in a possibility to model 
individual growth curves. The QEPS-model is also illustrated in 
Figure 1.

Figure 1. (a) The total height (QEPS) is the sum of four growth functions: Quadratic (Q), Exponential (E), Pubertal (P), and Stop (S). B = birth, t0 = about 
6 wk after conception. Birth is marked with a vertical line. (b) Total height and height velocity estimated by the QEPS-model are shown for an individual. 
Onset, AgeP5 as age at which 5% of the P-function growth is reached, mid puberty, AgeP50 as age at which 50% of the P-function growth is reached and 
Age at Peak Height Velocity AgeTPHV, of the total height function T from the QEPS model is reached and end of pubertal growth, AgeP95 as age at which 
95% of the P-function growth is reached are marked with vertical lines. The duration of puberty is shown by the bold horizontal line. The pubertal height 
gain is shown as the growth from AgeP5 to AgeP95 from the total growth curve (TgainP5-95), and from the specific pubertal part (Pmax); both shown at the 
top of the figure in the height graph and as the marked area in the height velocity graph.
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Statistical Analysis and Visual Growth Data Evaluation
To construct longitudinal growth charts for each individual, data files 
were exported to Matlab, and visual data verification was performed 
(The MathWorks, Natick, MA, v.7.13.0R2012b). Student’s two tailed 
t-test was used to compare birth characteristics, growth estimates 
from the QEPS-model and adult heights for weight status dichoto-
mized into the OwOb- and NwUw-groups. Statistical analyses were 
performed using SAS software (SAS Institute, Cary, NC, Version9.3). 
A P value <0.05 was considered statistically significant.

RESULTS
Description of the Study Population
Of the 929 girls, 3.7% were obese, 16.4% overweight, 75.8% 
had a normal weight, and 4.1% were underweight. For the 972 
boys, the corresponding proportions were 3.2, 16.3, 78.0, and 
2.5%, respectively. The highest individual BMISDS recorded 
were evenly distributed over the whole age span, 3.5–7.0/3.5–
8.0 y for girls/boys.

Early and Prepubertal Growth vs. Childhood BMI
At birth, there were significant differences between the chil-
dren who later became overweight/obese compared with the 
remaining group with lower BMIs; girls/boys in the ObOw-
group were 221/122 g heavier (+0.42/0.23 BMISDS) than the 
NwUw-group (Table 1). Childhood BMISDS was not related 
to the fetal/infancy exponential (E) component of growth, 
(Emax). Both girls and boys in the OwOb-group had signifi-
cantly more prepubertal growth due to the Q-function than 
those in the NwUw-group, with higher Qmax related to higher 
BMISDS in a linear correlation (Figure 2).

Pattern of Pubertal Growth vs. Childhood BMI
Onset of the pubertal growth, defined as age at which 5% of 
the P-function growth is reached (AgeP5) for girls/boys was 

3.5/2.5 mo earlier in the OwOb than the NwUw-group. Mid-
puberty, defined as age at which 50% of the P-function growth 
is reached (AgeP50) and the estimated end of pubertal growth, 
as age at which 95% of the P-function growth is reached

(AgeP95) were both 3.5 mo earlier for girls in the OwOb 
than the NwUw-group; for boys, mid-puberty was 3.0 and end 
of puberty 3.5 mo earlier in the OwOb than the NwUw-group 
(Table 2). For boys, the duration of puberty differed between 
the two groups; the duration was approximately 1 mo shorter 
for the OwOb- than the NwUw-boys (P < 0.001) (Table 2). 
There was no such relationship for girls (P = 0.79).

Pubertal Gain and Adult Height vs. Childhood BMI
The specific pubertal gain as Pmax was inversely related to the 
individual BMISDS in childhood (P < 0.001) across the whole 
BMI spectrum (Figure 3). When comparing the Ob-subgroup 
with the Nw-group, Pmax was 3.9/5.2 cm less for obese girls/
boys than their normal weight counterparts (Figure 3). The 
pubertal gain estimate from the total growth curve was lower in 
the OwOb-group than the NwUw-group, particularly for boys; 
but the difference was smaller than that observed for the spe-
cific pubertal gain (Table 2). There was no significant difference 
in adult height related to BMI in childhood due to the counter-
action of Qmax and Pmax (Table 2, Figure 2 and Figure 3).

DISCUSSION
To our knowledge, this is the first study to investigate the 
whole pattern of pubertal growth in relation to peak BMI in 
childhood. The onset, middle, end and duration of pubertal 
growth, including both the specific and the total pubertal gain 
have been investigated with the QEPS-model (10). As the 
study is based on a relatively large cohort, with longitudinal 

table 1. Characteristics of the study population, presented as mean (SD), before puberty

girls
owoba (sdb)  

(ne = 187) mean
nwuwc (sd)  

(n = 742) mean
difference  
(95% cid)

P value  
(T-test)

at birth

Birth weight (g) 3,712 (569) 3,491 (473) 221 (40–494) <0.001

Birth length (cm) 50.43 (2.03) 49.98 (2.09) 0.45 (0.12–0.78) 0.0085

Gestational age (days) 281.9 (8.90) 281.0 (9.26) 0.87 (−0.61–2.34) 0.2475

infancy/childhood

Max value of E-function (cm) 62.71 (2.72) 62.84 (2.89) -0.13 (−0.59–0.33) 0.5808

Max value of Q-function (cm) 101.15 (8.12) 97.77 (7.65) 3.38 (2.14–4.63) <0.001

Boys
owob (sd)  

(n = 190) mean
nwuw (sd)  

(n = 782) mean
difference  

(95% ci)
P-value  
(T-test)

at birth

Birth weight (g) 3,760 (534) 3,638 (494) 122 (42–201) 0.0029

Birth length (cm) 51.15 (2.26) 50.82 (2.10) 0.33 (−0.002–0.67) 0.0510

Gestational age (days) 281.2 (9.12) 280.8 (9.36) 0.44 (−1.034–1.92) 0.5552

infancy/childhood

Max value of E-function (cm) 65.16 (2.85) 65.03 (2.65) 0.13 (−0.30–0.55) 0.5562

Max value of Q-function (cm) 108.81 (8.00) 104.57 (7.45) 4.24 (3.036–5.44) <0.001
aOverweight and obese. bSD. cNormal and underweight by the 2012 International Obesity Task Force criteria, based on the highest individual BMI

SDS
 between 3.5 and 7.0 y for girls and 

3.5 and 8.0 y for boys. dConfidence interval. eNumber of individuals.
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data obtained in a community based setting including different 
socio-demographic areas, the results are likely to be general-
izable. Results showed that there was an inverse relationship 
between the highest childhood BMI and the specific pubertal 
gain across the entire BMI spectrum. Thus, overweight/obese 
children grew less during puberty, estimated both as puber-
tal gain from the specific pubertal growth function (P) and as 
total growth during the pubertal years, compared with their 
normal/underweight peers. At birth, children who went on to 
become OwOb were already heavier than their NwUw coun-
terparts, and thereafter gained more height, as shown by a 
high Q-function. The onset of pubertal growth was earlier for 
both genders in the OwOb compared with the NwUw-group. 
However, adult height was not related to BMI in childhood 
as the high Q-function and the low P-function for OwOb-
children canceled each other out.

The Q-function of the QEPS-model was found to be sig-
nificantly higher in the OwOb-group, reflecting more child-
hood growth. Results also showed a linear regression over 
the whole BMI-range, implying the existence of physiological 
mechanism(s) regulating the relationship between weight and 
height-velocity in childhood.

In 1927, Keller stated that obese children often were taller 
than normal-weight children during childhood, and it was 
subsequently shown that being overweight during infancy/
childhood was associated with increased height velocity in child-
hood, with opposite findings for underweight children (18). 
The growth study based on the GrowUp1974Gothenburgbirth 
cohort found somewhat similar results; a greater increase in 
BMI from 2−8 y of age was associated with a taller stature at 
8 y (19). Our study also confirmed results from many studies 
tracking childhood obesity back to birth (20,21), with signifi-
cant differences in birth-weight between children who went 

on to have higher BMIs during childhood compared with chil-
dren with BMIs in the normal/underweight range.

Many factors, both genetic and environmental, are known to 
be associated with onset of puberty (5). In our study, the onset 
of puberty (estimated as AgeP5) was significantly earlier in the 
OwOb-group compared with the NwUw-group for both gen-
ders. Numerous studies have shown an association between 
obesity and early puberty for girls, and in 1974 the “critical fat 
mass theory” postulated that the initiation of female puberty 
is dependent on a certain amount of body fat (22). Large 
American (23,24), Danish (25), and Dutch (26) cross-sectional 
studies found that high BMI in childhood was associated with 
earlier puberty in girls. Linear correlations over the entire BMI 
range, was also found in a recent study based on an American 
cohort, showing an inverse association between BMISDS in 
childhood and age at pubarche and menarche (27).

For boys, the associations between childhood weight and onset 
of puberty have been ambiguous, probably due to differences in 
both study groups and definitions of puberty. In 1901, Frölich 
noted that obesity in a boy was associated with late pubertal 
development (18). This finding was later supported by American 
studies where normal-weight boys were more likely to have ear-
lier gonadal maturation than overweight/obese boys (23,28). A 
German study found no correlation between BMI and puber-
tal timing when investigating BMI 1–2 y before pubertal height 
acceleration (29). However, most other non-American studies 
support our findings, with earlier onset of puberty in overweight/
obese boys; in the 1940s, under-nutrition was reported to delay 
onset of puberty and Mossberg found earlier puberty in obese 
Swedish boys. These findings were confirmed in the United 
Kingdom (18), and later in many European counties (19,25,30), 
and Japan (31). Correlation between BMI and mid-puberty was 
also seen for boys in a UK study, which found a linear correlation 
between BMISDS in childhood and age at PHV (30).

Results from the present study showed that growth related to 
the P-function (Pmax), was reduced in the OwOb-group and 
showed a negative linear correlation with the highest child-
hood BMI, over the entire BMI-range. This finding confirms 
earlier reports of declining differences in observed height 
between overweight/obese and normal-weight/underweight 
subjects during the adolescent period (30,32). The previous 
study using the GrowUp1974Gothenburg cohort found earlier 
onset of puberty and reduced height gain during adolescence 
to be related to increased childhood BMI (19). However, 
the methodological approach used was different; that study 
focused on BMI change.

We are not aware of any other studies investigating the asso-
ciation between childhood BMI and the duration of the total 
pubertal growth. Theoretically, one may suppose that a high 
weight gain in childhood affects maturation with a more rapid 
pubertal process. This was evident only for boys in the present 
study, with a significant shorter duration of pubertal growth for 
OwOb- than NwUw-boys. Buyken et al. showed an association 
between BMI in juvenility and a shorter duration from onset 
of the pubertal growth spurt to PHV, for both OwOb-boys and 
girls (29). The present study showed no significant difference 

Figure 2. The gain in adult height in cm due to Q-function growth, Qmax 
is related to the highest BMISDS for each girl (red circles) and boy (blue 
cross). BMISDS for underweight (below −1.51 to −1.29), overweight (above 
1.15–1.52) and obesity (above 2.21–2.30) are marked with approximate 
vertical lines (17). The mean values of Qmax (cm) are shown in the bottom 
(girls) and top (boys). For girls; Qmax = 97.47 + 1.90xBMISDS, adjusted r2 = 
0.0457. For boys; Qmax = 104.32 + 2.02xBMISDS, adjusted r2 = 0.0487.
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in adult height related to childhood BMI, in accordance with 
other studies (19,32). This was because the high growth associ-
ated with the Q-function in OwOb-children was compensated 
for by low growth associated with the P-function.

Despite the fact that OwOb-children are taller during 
childhood than NwUw-children, it is known that obese chil-
dren secrete low amounts of GH (33). This is believed to be 

due to the operation of negative feed-back mechanisms that 
arise owing to elevated IGF1 levels (33). High insulin levels 
downregulates sex hormone-binding globulin production, 
which increases bioavailable estrogen, and activate gonadotro-
pin secretion (34). Furthermore, obese children, with high fat 
mass, have higher leptin levels (35). Leptin serves as a permis-
sive factor for the onset of puberty, providing a link between 

table 2. Pubertal growth estimates and adult height of the study population

girls
owoba (sd)  

(ne = 187) mean
nwuwb(sdc)  

(n = 742) mean
difference  
(95% cid)

P-value  
(T-test)

onset of puberty

Age at 5% of the pubertal growth (years) 9.54 (1.05) 9.83 (0.98) −0.29 (−0.45 – −0.13) <0.001

Height at 5% of the pubertal growth (cm) 140.4 (7.56) 139.5 (6.89)  0.91 (0.22–2.04)  0.115

Mid puberty

Age at 50% of the pubertal growth (years) 11.77 (1.04) 12.06 (0.98) −0.29 (−0.45 – −0.13) <0.001

Height at 50% of the pubertal growth (cm) 155.1 154.6 (6.42)  0.55 (−0.49 – 1.59)  0.299

Age at peak height velocity (years) 11.49 (1.05) 11.81 (0.98) −0.32 (−0.49 – −0.16) <0.001

end of puberty

Age at 95% of the pubertal growth (years) 14.33 (1.04) 14.62 (0.99) −0.29 (−0.45 – −0.13) <0.001

Height at 95% of the pubertal growth (cm) 166.4 (6.30) 166.4 (6.34)  0.019 (−1.00–1.04)  0.971

duration of puberty

Duration in years between 5% and 95% of 
the pubertal growth

4.79 (0.19)  4.78 (0.20)  0.004 (−0.027–0.035)  0.792

Pubertal gain

Max pubertal growth function (cm) 11.16 (3.81) 13.42 (3.48) −2.26 (−2.83 – −1.69) <0.001

Growth in cm from heights at 5% to 95% of 
the pubertal growth

26.05 (3.99) 26.94 (3.62) −0.89 (−1.48 – −0.29) <0.001

adult height (cm) 168.2 (6.28) 168.3 (6.37) −0.037 (−1.06–0.98)  0.943

Boys owob (sd)  
(n = 190) mean

nwuw (sd)  
(n= 782) mean

difference  
(95% ci)

P-value  
(T-test)

onset of puberty

Age at 5% of the pubertal growth (years)  11.58 (0.96) 11.79 (0.97) −0.21 (−0.36 – −0.057) 0.0070

Height at 5% of the pubertal growth (cm) 152.7 (7.20) 150.2 (6.64)  2.48 (1.41–3.55) <0.001

Mid puberty

Age at 50% of the pubertal growth (years)  13.56 (0.95)  13.81 (0.95) −0.25 (−0.40 – −0.096) 0.0014

Height at 50% of the pubertal growth (cm) 167.2 (6.92) 165.7 (6.29)  1.44 (0.42–2.46) <0.001

Age at peak height velocity (years)  13.41 (0.96) 13.67 (0.95) −0.26 (−0.42 – −0.11) <0.001

end of puberty

Age at 95% of the pubertal growth (years) 15.82 (0.96) 16.11 (0.95) −0.29 (−0.44 – −0.14) <0.001

Height at 95% of the pubertal growth (cm) 180.1 (7.04) 179.7 (6.39)  0.39 (−0.64–1.43)  0.451

duration of puberty

Duration in years between 5% and 95% of 
the pubertal growth

 4.24 (0.21)  4.32 (0.21) −0.077 (−0.11 – −0.044)  <0.001

Pubertal gain

Max pubertal growth function (cm) 14.67 (3.79) 17.80 (3.52) −3.13 (−3.70 – −2.56) <0.001

Growth in cm from heights at 5% to 95% of 
the pubertal growth

 27.38 (3.71) 29.46 (3.67) −2.08 (−2.67 – −1.50) <0.001

adult height (cm) 181.9 (7.10) 181.6 (6.44)  0.29 (−0.76 – 1.33)  0.590
aOverweight and obese. bSD. cNormal and underweight by the 2012 International Obesity Task Force criteria, based on the highest individual BMI

SDS
 between 3.5 and 7.0 y for girls and 

3.5 and 8.0 y for boys. dConfidence interval. eNumber of individuals.
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obesity and earlier puberty (36). For girls inhibin B, secreted 
from the ovaries, may also be a marker for the onset of puberty. 
The mechanisms are not well understood and surprisingly a 
recent study found an inverse correlation between elevation 
of inhibin B and overweight (37). Hormonal changes during 
early/mid puberty are characterized by increasing GH-levels 
(38). The low GH-levels in overweight/obese individuals may 
result in GH-levels that are too low to ensure optimal pubertal 
growth. A somewhat similar combination of low GH-levels, 
early puberty, low pubertal height gain, and obesity was also 
seen after cerebral radiation in acute lymphatic leukemia, due 
to damage of GH-releasing-hormone neurons (39,40).

A possible explanation of the contrasting results concerning 
onset of puberty for boys in previous studies may be a nonlinear 
correlation between childhood BMI and onset of male puberty 
(41). Moderate over-nutrition/being overweight may accelerate 
linear growth and facilitate the pituitary-driven onset of puberty, 
whereas being obese may have inhibitory effects on the initia-
tion of puberty through elevated estrogen levels. It is known 
that obese adult men may have hypogonadotropic hypogonad-
ism, possibly related to increased aromatization of estrogens in 
fat mass (42). The high prevalence of childhood obesity in the 
United States, with higher proportions of obese relative to over-
weight children in OwOb-groups compared with other popu-
lations, may lead to dominance of this kind of effect. A recent 
cross-sectional study by Lee et al. (43), based on gonadal matu-
ration, supports this theory; they found earlier puberty for over-
weight compared with normal-weight boys, but later puberty for 
obese compared with overweight boys. Another reason for the 
mixed results in previous studies could be that it is more difficult 
to assess gonadal maturation by visual inspection in obese boys.

One limitation of the current study is the use of BMI as the 
measure, there is not always a correlation between BMI and fat 

mass at the individual level; high BMI may also be influenced 
by high bone/muscle-mass. We also have a limited number of 
obese children in the sample, since it was population-based. 
This study, with its focus on the pattern of growth, lacks infor-
mation about hormones and gonadal maturation, the two 
other main factors used to define puberty. Finally, it is possible 
that the exclusion of children without complete growth data 
may reduce the generalizability of the results. However, no 
major difference was seen in comparison to mean BMI-values 
in the full sample of the study population.

To conclude, this is the first study showing that childhood BMI 
is inversely associated with the pubertal height gain with a lin-
ear correlation across the entire BMI-range. The QEPS-model 
has been shown to be a useful tool with which to investigate the 
pattern of growth. As there was substantially more prepubertal 
growth, related to the Q-function in children with higher child-
hood BMISDS, the resulting adult height was not related to BMI. 
In both girls and boys, higher childhood BMI, was associated 
with earlier onset of pubertal growth. The results of this study are 
potentially useful both for monitoring growth in the population, 
and for clinical assessments of growth in individual children.
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