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Abstract

Background: Differences in adolescents and adults by sex in blood levels of leptin and adiposity have been
described; however, it is not yet clear if these differences arise from the prepubertal stage in subjects with a normal-
weight. Therefore, we examine whether there are differences by sex in levels of blood leptin and adiposity in children
with a normal-weight between 0 and 10 years old.

Methods: Search strategy: eligible studies were obtained from three electronic databases (Ovid, Embase and LILACS)
and contact with experts. Selection criteria: healthy children up to 10 years of age with normal-weight according to
age.

Data collection and analyses: data were extracted by four independent reviewers using a predesigned data collec-
tion form. For the analysis, we stratified according to age groups (newborns, 0.25-0.5 years, 3-5.9 years, 6-7.9 years,
8-10 years). The statistical analysis was performed in the R program.

Results: Of the initially identified 13,712 records, 21 were selected in the systematic review and meta-analysis. The
sex was associated with the overall effect on blood leptin (pooled MD =1.72 ng/mL, 95% Cl: 1.25-2.19) and body

fat percentage (pooled MD =3.43%, 95% Cl: 2.53-4.33), being both higher in girls. This finding was consistent in the
majority of age groups.

Conclusion: The results of our meta-analyses support the sexual dimorphism in circulating blood leptin and body fat
percentage between girls and boys with normal-weight from prepuberty.

Highlights

« Differences by sex in blood leptin and body fat percentage in children are present before 10 years old
« Girls have higher circulating leptin and body fat percentage than boys
« The sex differences in blood leptin and adiposity in children increase progressively with the age
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Background

Leptin is a peptide hormone produced primarily by the
subcutaneous white adipocytes, whose main functions
are to regulate satiety and caloric intake [1]. The cen-
tral action of leptin in hypothalamic neurons leads to
reduced caloric intake and increases energetic expendi-
ture in the long-term [2]. Additionally, leptin has been
involved in the regulation of multiple processes such as
immune response, endothelial function, and platelet acti-
vation among others [3]. The dysregulation in the synthe-
sis and/or sensibility of this adipokine in both sexes has
been associated during adulthood with the development
of chronic diseases [4].

Levels of circulating leptin in women are higher than in
men. Apparently, the main determinant of its concentra-
tion in blood is the fat mass, with which it has a strong
statistical correlation [5-7]. Currently is assumed that
the differences of both body fat and blood leptin levels
rise during puberty and therefore these sexual dimor-
phisms may be associated with the changes in the levels
of steroid sexual hormones [8—10]. However, some stud-
ies have suggested that the differences in the indicators of
adiposity arise before adolescence [11]. Besides this con-
troversy, the majority of the studies of leptin in children
have been performed in populations with overweight and
obesity where the sex influence usually is not analysed.

Studying the blood leptin levels and adiposity in prepu-
bescent children with normal-weight by sex can help to
give clarity on how these factors contribute to disorders
in the body composition and metabolism during adoles-
cence and adulthood [12-14]. Therefore, the aim of this
systematic review/meta-analysis was to examine whether
there are differences by sex in levels of blood leptin and
body fat percentage in children with a normal-weight
between 0 and 10 years old.

Main text

This systematic review was conducted using a proto-
col following the guideline of Preferred Reporting Items
for Systematic Review and Meta-Analyses (PRISMA)
[15]. This protocol was registered in PROSPERO (code:
CRD42020158478).

Search strategy and inclusion/exclusion criteria

A search algorithm was applied to each of three elec-
tronic databases (Ovid, Embase and LILACS), without
language or publication date restrictions, until June 2022.
The terms used for the search were; "leptin”, adipos-

ity", "obesity", "body composition”, "abdominal obesity",
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"pediatric obesity", "body adiposity index", "bmi trajec-
tory", "body mass index", "waist circumference"”, "fat
mass", "visceral adiposity index", "visceral fat", "fat thick-
ness", "body fat percentage", "anthropometric indices",
"body shape index", "anthropometric parameter”, "obe-
sity indices", "triceps skinfold thickness", "infant, "child",
"children", and "adolescent" (Additional file 1). Search
strategies were developed using text words as well as
medical subject headings (MeSH) associated with lep-
tin and body fat percentage in normal-weight children.
While the exact terms varied somewhat depending on
the database searched, keywords included such terms
as "leptin”, "body composition”, "children”, and "body fat
percentage”. To find studies, we also contacted experts
in the field by email who were selected from the articles
reviewed.

In order to reduce the effects of hormonal changes
on results, we included observational studies and con-
trolled clinical trials that included healthy children up
to 10 years of age [16], with normal-weight (BMI+1
SD according to age) and simultaneous reports for lep-
tin and body fat percentage discriminated by sex. Case
studies, conference abstracts, letters to the editor, review
articles, and articles without complete information or no
response from the authors after contact by email were
excluded.

Data extraction and risk of bias assessment

A data registry format was tested with 40 articles (10
per reviewer), in which study identification information
was filled and eligibility criteria were sought; the results
were evaluated by a peer reviewer and later, as a group,
possible discrepancies were discussed to reach con-
sensus on the information to be contained in each cell.
The results of the databases were included in a spread-
sheet and duplicates were eliminated; four reviewers
in pairs performed the selection of studies by title and
abstract according to eligibility criteria and discrepan-
cies were resolved by a third researcher from an alterna-
tive pair. The selected studies were reviewed taking into
account the full text of each article by eligibility criteria;
from these articles, the information on the variables was
extracted.

We used the Newcastle-Ottawa Quality Assessment
Scale as a tool of quality assessment for non-randomised
studies [17], this scale uses a score to judge a study based
on three broad perspectives: the selection of the study
groups; the comparability of the groups; and the ascer-
tainment of either the exposure or outcome of interest for
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case—control or cohort studies, respectively. To evaluate
the quality of cross-sectional studies selected, we adapted
the previously validated Newcastle—Ottawa Quality Scale
for cohort studies [18], according to this scale, the studies
were categorised into high-quality or low-quality studies
using a score of 6 as a cut-off point.

Statistical analysis

To estimate the effect of sex on blood leptin and adiposity
in children between 0 and 10 years, the leptin concentra-
tions were expressed in ng/mL when necessary. For the
studies that reported medians and interquartile ranges,
the mean and standard deviation (SD) were estimated
using the methodology of McGrath et al. [19], if this was
not the case, SD was estimated by standard equations
from the standard error (SE) or confidence interval (CI)
[20], if data were still insufficient for mean and SD esti-
mation, an email request was sent to the authors.

We stratified the meta-analysis by age groups (New-
borns, 0.25-0.5, 3-5.9, 6-7.9, 8—10 years). The effect size
of weighted mean difference (MD) was estimated with a
random-effect model since this model could incorporate
the heterogeneity, and therefore proved a more general-
ised result. The heterogeneity of the average effect size
was evaluated based on the calculation of the I2 index;
if the value of this statistic was>75%, we considered it
a high variation. We performed a sensitivity analysis
using the leave-one-out method, iteratively excluding one
study at each analysis, to assess the effect of one particu-
lar study on the pooled outcomes and confirm that our
findings were not driven by any single study [21]. Outlier
analysis was used to identify and estimate the effect of
reports with extreme effect sizes in each age subgroup.
Outlier studies were defined when the 95% CI was out-
side the 95% CI of the pooled effect. Subgroup analyses
were run to find the source of heterogeneity consider-
ing, study design, technique of measurement, geographic
region, and study quality. The publication bias was
assessed by funnel plots and Egger’s regression when the
number of studies was > 6 [22, 23].

The analysis was performed with the R programming
language with R-studio platform version 4.0.2 (R Project
for Statistical Computing, https://www.r-project.org/)
using Meta, Estmeansd, and Dmetar packages [24, 25]. A
P-value <0.05 was considered statistically significant.

Results

Study identification and selection

A total of 13,712 articles were identified in an initial
search. After eliminating 4658 duplicate studies and
847 reports of conferences, 8207 were screened by
title and abstract, and 7408 were eliminated because
not meet the eligibility criteria. A total of 799 articles
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were reviewed in full text. Of those, 22 articles met our
inclusion criteria; one article was excluded because the
mean and SD of body fat percentage were considered
biologically not plausible [26]. Finally, 21 articles were
included in the systematic review and meta-analysis
[27-47] (Fig. 1).

Characteristic of selected studies

In the 21 studies selected (Table 1), a total of 5619 girls
and 5692 boys were included for leptin, while 5758 girls
and 5870 boys for body fat percentage. The articles were
published in English language between 1999 and 2022,
from Europe (n=10), America (n=5), Oceania (n=3),
Asia (n=3). Sample sizes ranged from 12 to 4633 sub-
jects; ten studies had a total sample size greater than
200 subjects. Study designs were as follows; cross-sec-
tional (n=12), and cohort (n=9). The blood leptin was
assessed in plasma (#=8) or serum (n=11); two stud-
ies did not report the type of blood sample used [33, 34].
The majority of studies reported that blood samples were
drawn after fasting, except the report of Dencker et al.
[44], and those studies that included umbilical cord blood
samples [27-29]. Concentrations of leptin were deter-
mined by enzyme-linked immunosorbent assay (ELISA)
(n=5), radio immuno assay (RIA) (n=14), and Milliplex
multiplex assays (MMA) (n=2).

The body fat percentage was measured by plethys-
mography (PG) (n=3), bioelectrical impedance (BIA)
(n=5), dual-energy X-ray absorptiometry (DXA) (n=5),
skinfolds (n=7) and total body electrical conductivity
(TOBEC) (n=1). Body index mass (BMI) was reported
as kg/m? (n=10), standardised BMI (#=1), BMI Z-score
(n=4), and in five studies with newborns and children in
the first year of life, weight and height were reported.

Association of sex with leptin levels

The overall effect of sex in the children was associated
with higher levels of blood leptin in girls (MD=1.72 ng/
mL, 95% CI: 1.25-2.19, >=97%), (Fig. 2). The analy-
sis indicated significant differences between age groups
(P<0.001). Newborn girls had 2.09 ng/mL higher serum
leptin levels than boys, but was not significant (95%
CL: — 0.40-458, I’=0.0% P=0.62). Between 0.25
and 0.5 years, boys had 0.24 ng/mL lower leptin (95%
CL: — 0.01-0.49 ng/mL, ?=97%, P<0.01). The group
3-5.9 years, the leptin was 1.25 ng/mL (95% CI: 0.46—
2.04 ng/mL, P=96%, P=P<0.01) higher in girls, while
that the ages of 6-7.9 years and 8-10 years the blood
leptin was, respectively, of 1.72 ng/mL (95% CI: 0.95—
2.49 ng/mL, P=76%, P<0.01,) and 2.54 ng/mL (95% CI:
1.81-3.27 ng/mL, >=72%, P<0.01) higher in girls.
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\/

Studies pre-selected
(n=24)
\ A

Studies included in
meta-analysis
(h=21)

Fig. 1 Systematic review flow chart

” k—Non-consistent results (n=1)

Association of body fat percentage with sex

Adiposity was higher in girls in the overall effect
(MD=3.32%, 95% CI: 2.42 to 4.21, *=88%, P<0.0001),
with significant differences between age groups (P<0.001)
(Fig. 3). Meta-analysis showed that body fat percentage
was lower in boys except in the newborn group where

the association was not significant (MD=1.44%, 95%
CL: — 0.26-3.15, >=80%, P=0.0976). Boys in the group
0.25-0.5 years had a 1.56% (95% CI: 0.79-2.33%, I>=50%,
P=0.14) lower body fat percentage. For the groups of
3-5.9 years, was 1.27% (95% CIL: 0.48-2.06%, I*=65%,
P=0.02); to 6-7.9 years was 4.72% (95% CI: 3.38-6.05%,

(See figure on next page.)

Fig. 2 Forest plots of the effect of sex in children’s normal-weight on leptin concentrations between 0 and 10 years old. Forest plot showing the
overall effect by age groups of newborns (A), 0.25-0.5 yrs (B), 3-5.9 yrs (C), 6-7.9 yrs (D), and 8-10 yrs (E). Results are presented as mean difference
(MD) (95% Cl). The study-specific MD and 95% Cl are represented by the grey square and horizontal line, respectively. The centre of the blue
diamond and the vertical dashed line displays the estimated overall effect size of all studies; the width of the diamond represents the overall pooled

95% Cl
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Random effects model 3600
Heterogeneity: 12 = 72%, % = 0.8035, p < 0.01
Total
Random effects model 5619
Heterogeneity: /2 = 97%, 12 = 1.2558, p < 0.01
Test for overall effect: z=7.17 (p<0.01)
Test for subgroup differences: x} =46.83 df=4(p <0.01)

Fig. 2 (Seelegend on previous page.)
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I*=88%, P<0.01) and to the group 810 years 4.61% (95%
CL: 3.08-6.14%, ’=82.4%, P<0.01) higher in girls in all
cases.

Sensitivity analysis

Although there was high heterogeneity in the levels of leptin
in the groups of 0.25—-0.5 years, 3—5.9 years and 6—7.9 years
(?>75%), the majority of studies showed blood leptin and
body fat percentage higher in girls than in boys across all age
groups. In the group of 3-5.9 years, the omitting of results
of Francis (2021) [34] showed decreased the heterogene-
ity and the effect in blood leptin (MD=0.80 ng/mL, 95%
CL: 052 to 1.062 ng/mL, p<0.0001, 2=0%). In the group of
8-10 years, were identified as outliers the studies of Arrow-
smith [42] and Nightingale [46], the removal of these studies
resulted in an increase of the effect (MD =2.59 ng/mL, 95%
CL: 1.62-3.32 ng/mL, p<0.0001, ?=71.6%). The omitting
only of the study of Nightingale [46], resulted in a consider-
able reduction of heterogeneity (MD =2.19 ng/mL, 95% CL:
1.72-2.66 ng/mL, p<0.0001, *=15.8%).

We found a high heterogeneity for body fat percentage
in the age groups of newborns, 6-7.9 years, and 8—10 years
(*>75%). In the newborn group the omitting the study of
Okereke [27], resulted in a significant effect of sex on fat
(MD=2.39, 95% CI: 1.35-3.43%, p=0.000, ’=51.1%). In
the children of group 3-5.9 years, the omitting of Francis
[34], reduced the heterogeneity in the adiposity (MD=1.69,
95% CI: 1.08-2.29%, p=<0.0001, 7=0%). In the group
6-7.9 years old, we identified as outliers the studies of Met-
calf [37] and Erhardt [32], the remotion of these two studies
increased the effect of sex (MD =5.20, 95% CI: 3.58 to 6.83,
p<0.0001, #=92.0%). In the group of 8-10 years old, the
omitting of one of the groups of Metcalf [37], resulted in a
reduction of heterogeneity (MD = 3.84, 95% CI: 2.81—4.87%,
p<0.0001, P=53.6%) (Additional file 1: Tables S1 and S2).

Sensibility analysis indicated that the overall statisti-
cal significance did not change when any single study or
several outliers were omitted. Therefore, the results of
this meta-analysis are deemed to be relatively reliable and
credible.

Subgroup analyses of plasma leptin levels and body fat
percentage

To examine the influence of certain characteristics of the
studies selected on blood leptin and body fat percentage,
we carried out a subgroup analysis on the overall effect.

Page 8 of 14

Considering the study design, we found that the cross-sec-
tional studies (MD=1.94, 95% CI=1.05-2.82, I*=90.8%,
p<0.01) showed a higher difference by sex than the cohort
studies (MD=1.58, 95% CI=1.05-2.82 ng/mL, I*=90.8%,
p<0.01). The results indicated both for the measurements
of leptin by ELISA (MD=0.62 ng/mL, 95% CI=0.39—
1.09 ng/mL, ?=58.0%, p<0.01) and RIA (MD=2.23 ng/
mL, 95% CI=1.64-2.82 ng/mL, ’=88.9.1%, p<0.01) the
girls had higher leptin. Lower ELISA values can be attrib-
uted to the fact that most of the studies that used this tech-
nique were in children under 6 years of age. The subgroup
analysis by each region also showed higher leptin blood in
girls in each group (Additional file 1: Table S3). Studies with
high quality (m=17) showed that girls had higher leptin
(MD =1.86 ng/mL, 95% CI=1.37-2.34 ng/mL, *=86.7%,
p<0.01) while the studies with low quality (n=4) did not
show this effect (MD=0.78 ng/mL, 95% CI=— 0.21-
1.77 ng/mL, P=94.7%, p<0.01).

According to the design study, body fat percentage was
higher in girls, with a larger effect in studies type cohort
(MD=3.86%, 95% CI=2.64-5.08%, =90.5%, p<0.01)
than cross-sectional (MD=2.79%, 95% CI=1.85 to 3.72,
P=68.1%, p<0.01). Independent of the method of meas-
urement and geographic region, boys had lower body fat
percentage, while quality assessments indicated a similar
effect for adiposity in the studies with low and high quality
(Additional file 1: Table S4).

Publication bias

The funnel plots were symmetrical and Eager tests were
not significant (P>0.05), for blood leptin and body fat per-
centage in the groups of 6-7.9 year and 8-10 years that
included > 6 reports (Additional file 1: Figs. S1 and S2).

Discussion

This systematic review/meta-analysis to our knowledge
is the first to describe in normal-weight children popula-
tion an association of sex with blood leptin and body fat
percentage before ten years old. Our analysis shows these
adiposity indicators are higher in girls and that both sexes
increase progressively during the first 10 years, with an
apparent rate higher in the girls.

Currently, the mechanisms by which the prepubescent
girls with normal-weight have higher leptin and fat than
the boys remain underestimated, however, the results of
some studies suggest that the early difference in sexual

(See figure on next page.)

Fig. 3 Forest plots of the effect of sex in children’s normal-weight on body fat percentage between 0 and 10 years old. Forest plot showing the
overall effect by age groups of newborns (A), 0.25-0.5 yrs (B), 3-5.9 yrs (C), 6-7.9 yrs (D), and 8-10 yrs (E). Results are presented as mean difference
(MD) (95% Cl). The study-specific MD and 95% Cl are represented by the grey square and horizontal line, respectively. The centre of the blue
diamond and the vertical dashed line display the estimated overall effect size of all studies; the width of the diamond represents the overall pooled

95% Cl
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Fig. 3 (Seelegend on previous page.)
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hormone could be implicated. The study of Garcia-Mayor
et al. in Spanish children (5-15 years old) found a continu-
ous increase in the levels of leptin in prepubertal girls of
6-10 years of age, parallel with changes in levels of FSH,
without changes in the estradiol and LH hormones, how-
ever, this study did not measure the fat body in the subjects
[48]. Blum et al. reported only in boys an inverse cor-
relation between leptin with testosterone, this hormone
explained about the 10% of the variation of leptin in males
after adjusting by age and IBM [49]; however, this study
included in the analysis population in period pubertal that
can influence this association. Studies in vitro in cell culture
of adipocytes and explants of adipose tissue have shown
that androgen-like dihydrotestosterone, represses the tran-
scription of the leptin gene, while low doses of estradiol
stimulate abundant expression [49-51]. Therefore, it is pos-
sible that androgens in boys can reduce the level of leptin,
while in girls the estrogens could increase their production.

The previous reports indicate that androgen and estro-
gens could be determinants to maintain the sexual dimor-
phism of leptin, at least during puberty and adulthood.
Studies on girls and boys before 10 years old have already
reported differences in levels of some androgens and
estrogens. Courant et al. reported in children between
6 and 8 years old, levels of 17p-estradiol were higher in
girls, while that prepubertal boys of the same age had
higher levels of 17a-testosterone [52]. Frederiksen et al.
found that girls between 0 and 4 years had higher levels
of estrone and estradiol than boys [53]. Therefore, differ-
ences in sex steroid hormones during prepuberty could
be associated with the leptin behaviour observed in both
sexes in our study, although the levels of these hormones
could be too low in children to explain these differences.

Among the mechanisms that could be related to higher
circulating leptin in girls are epigenetic modifications
that can affect gene expression. Dunstan et al. found in
children of 10-15 years old, differences in leptin pro-
moter DNA methylation (LEP) by sex in four sites CpG
[54]. Lesseur et al. reported a significant association
between sex and LEP methylation in the placenta, with
higher methylation in males compared to females [55].
Additionally, methylation at the LEP promoter has shown
an inverse relationship with leptin tissue expression in
human cells in vitro and primary tissue [56, 57]; there-
fore, the contribution of this type of modification could
be considered to explain the sex differences in blood lep-
tin in children.

In adults, leptin levels have been related with sex-
specific fat distribution, particularly the subcutaneous
adipose tissue has been strongly associated with blood
leptin and weakly with visceral fat [58, 59]. Some stud-
ies have shown that girls have more peripheral fat and
less visceral fat than boys [60, 61]. The pattern of fat
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accumulation in children could be related to the capacity
of synthesis of leptin by the adipocytes. Nagy et al. found
in children between 6 and 10 years of age that by adjust-
ing blood leptin by body fat distribution, the leptin was
no longer associated with sex, suggesting that the sexual
dimorphism of this adipokine may be due to the compo-
sition body relative and the distribution of fat [62].

Leptin has been implicated in the regulation of several
functions which has made the interpretation of its meta-
bolic and physiological interactions difficult [63]. How-
ever, it has been proposed that the chronic elevation of
blood leptin may be associated with altered signalling
of both insulin and leptin [64, 65], dysregulation of lipid
metabolism [66], blood pressure, and kidney diseases [67,
68]. Leptin exerts dichotomous and paradoxical effects
on cardiovascular function, in most cases, high leptin
levels correlate positively with unfavourable outcomes
[69, 70], such as decreased arterial distensibility or ather-
osclerosis, which has been associated with macrovascular
diseases, and increased risk of myocardial infarction [71].
The early dimorphism in which leptin levels are higher in
girls may favour the development of alterations in its sig-
nalling and the effects [72].

It has been suggested that cardiometabolic risk in ado-
lescence can be predicted from the trajectory of leptin
during childhood [82], a trajectory with intermediate
values at birth followed by an increase in mid-childhood
has been associated with several risk markers [83]. The
increased leptin level in mid-childhood could correspond
to the fat rebound that occurs at these ages; however,
the causes of this rebound are still unknown. Our results
showed a greater difference in leptin levels by sex in the
adipose rebound period (4 to 7 years old), which also
coincides with an increase in body fat percentage [84],
which is consistent with some reports indicating that
girls have adipose rebound at younger ages than boys [85]
and that this, in turn, is associated with a higher meta-
bolic risk [84, 86].

Our results of body fat percentage are similar to other
studies not included in this meta-analysis (did not meet
the inclusion criteria) and that reported significantly
higher fat mass in prepubertal girls [73-76]. Among
the explanations that may support higher fat in girls is
higher energy intake at younger ages (18 months) asso-
ciated at older ages (9 years) with a higher fat mass in
girls, while in boys with an increase in the free fat mass
[77, 78]. Another finding that could be related to higher
adiposity in girls, is a lower physical activity and a higher
sedentary behaviour compared to boys of similar age. It
has been documented in several populations around the
world: Asia [79-81], Europe [82, 83], the United States
[84], and Australia [85]. These studies indicate that the
differences in physical activity between boys and girls



Ortega-Avila et al. Biology of Sex Differences 2022, 13(1):47

are observed at all ages, which is less marked as they are
younger. The expenditure of energy associated with phys-
ical activity and the higher energy intake could contrib-
ute to explaining the differences in fat mass. Then, fat and
leptin dimorphism between girls and boys, could arise as
consequence of physical activity level or sedentary time.
It should be mentioned that among the articles that were
selected, only three studies reported physical activity lev-
els, though without specifying by sex [33, 40, 47].

Although usually sex differences in adiposity in adult-
hood have been related with gonadal hormones, murine
models had shown that sex chromosome comple-
ment (XX vs XY) influences body weight and adipos-
ity independent of these hormones [86], which has
been attributed to the effect of the X chromosome dos-
age, particularly to the subset of X chromosome genes
that escape to epigenetic inactivation and that exhibit
higher expression levels in adipose tissue [87]. Recently
Link et al. reported an association sex-dependent dos-
age of gen Kdmb5ct expressed in chromosome X related
to higher adipogenesis in females [88]. However, it is still
unknown whether these biological mechanisms contrib-
ute to early sexual dimorphism of adiposity in humans.

We found high heterogeneity of the effect of sex on
leptin level and body fat percentage in some age groups,
which can be related to biological factors. For instance, at
birth leptin appears to be strongly influenced by mater-
nal weight and BMI before pregnancy, as well as by other
maternal variables during gestation such as diabetes,
smoking, and level of physical activity [89, 90]. Leptin
levels in early childhood also appear to be affected by
nutritional behaviour and physical activity [91], as was
mentioned above. Ethnic variations in circulating leptin
and body fat percentage also have been reported in chil-
dren and adulthood, even after being adjusted by IBM
[92-95]. However, our analysis showed consistent results
during the first 10 years of life, with higher leptin and fat
in girls.

The present systematic review/meta-analysis has sev-
eral strengths. Our study covered a comprehensive range
of ages from birth to ten years, such as the period of
rebound adipose (4—7 years old), avoiding the influence of
the hormonal changes that occur at puberty. Importantly,
we focused on studies with populations of normal-weight
children, without the influence of conditions such as obe-
sity or underweight. Besides, the analysis of sensibility
did not show that the differences by sex were modified
by factors such as the design of the study, the technique
of measurement, geographical area and outlier reports.
Some limitations of this research deserve to be mentioned:
a high heterogeneity found among the reports selected,
could be explained by the methodological characteristics
and biological factors of the populations as was discussed
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above. For some age groups such as newborns, 0.25 to
5 years and 3 to 5.9 years, we found few studies with small
size samples, which may affect the estimation of the effect
of these groups. Should also be mentioned that we did not
find studies from certain regions such as Africa.

Perspectives and significance

This systematic review/meta-analysis contravenes the
idea that differences in blood leptin concentration and
body fat percentage begin during puberty; on the con-
trary, our results support that the girls present higher
values of these adiposity markers than boys from pre-
puberty. The biological significance, mechanisms, and
physiological consequences on human health of this early
sexual dimorphism should be studied considering that
paediatric populations are vulnerable to metabolic altera-
tions, underweight, overweight and obesity.

The prepubertal period is a critical stage for the devel-
opment of fat tissue, since it is during this period that
adipose rebound occurs, a process whose early onset in
children has been linked to the development of com-
ponents of metabolic syndrome in childhood, adoles-
cence, and adulthood [96-98]. Among the factors that
may be related to the onset of adipose rebound are the
trajectories of fat tissue and blood leptin before the
rebound, these factors have not been sufficiently stud-
ied before this stage, although these trajectories in older
children have been associated with the development of
metabolic diseases at later stages, and these associations
have been stronger when adjusted for sex [99-101]. This
suggests that sexual dimorphism of fat tissue and leptin
should be considered from an early age for the design
and analysis of future research involving prepubertal
children, which will contribute to improving knowledge,
understanding and prevention of metabolic diseases
from childhood.
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