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Abstract
Background: Previous longitudinal studies have shown inconsistent results regarding the influence of adipokines on changes in

weight and body fat. We aimed to determine the predictive value of serum leptin, adiponectin, and their ratio on subsequent changes
in obesity measures in children.

Methods: Two hundred forty-six obese and 532 nonobese children aged 6–11 years were remeasured for BMI and waist
circumference after 6.4 – 0.2 years. Z-score of BMI was used to standardize for age and sex. Obesity was defined using the
international BMI cutoffs. Waist-to-height ratio (WHtR) was calculated to define central obesity using a boundary value of 0.5.
Fasting serum leptin and adiponectin levels were measured at baseline.

Results: Newly identified obese children had significantly higher levels of leptin and leptin-to-adiponectin ratio than nonobese
children. There were lower adiponectin levels in boys with persistent obesity versus those with transient obesity. After adjusting for
age, Tanner stage, and corresponding adiposity measures at baseline, leptin levels and leptin-to-adiponectin ratio were positively
associated with BMI Z-score gain in girls and WHtR gain in boys. An inverse association between leptin and BMI Z-score gain was
detected in boys. Stratified analyses revealed significant associations only in the nonobese and prepubertal group. There were no
significant associations between adiponectin and changes in obesity measures.

Conclusions: High leptin levels and leptin-to-adiponectin ratio are sex-specific predictors of obesity measures gain in nonobese
and prepubertal children. Body composition measurement is necessary to assess fat mass growth and distribution during childhood
and adolescence.
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Introduction

T
he increasing prevalence of obesity is one of
the most important current health problems not
only in adulthood but also in childhood. Obesity

is a known risk factor for the development of cardiovas-
cular disease, type 2 diabetes, dyslipidemia, hypertension,
and some cancers, even in the young. Chinese people are
more likely to develop central obesity, which has been

associated with a higher risk of developing cardiovascu-
lar disease.1

Although several obesity treatment programs are avail-
able for adults, most of them are not very successful based
on their unproven long-term efficacy. There is a growing
body of evidence showing that obese children respond
better than obese adolescents and adults to lifestyle inter-
ventions.2 In addition, past epidemiologic literature that
tracked obesity showed that children may naturally reverse
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overweight in adolescence during a rapid period of growth,
while about half of obese school-age children become obese
as adults.3 Thus, the prevention, as well as treatment of
overweight and obesity in adulthood, necessitates the de-
tection of children who are likely to become obese as adults.

Adipokines, which are produced by adipose tissue, are a
link between obesity and its related complications and
have been recommended as adipose tissue biomarkers.
Leptin is a major adipokine that regulates weight balance
and energy homeostasis.4 Adiponectin is a protein that is
secreted exclusively by adipose tissue and improves in-
sulin sensitivity, thereby regulating lipid and glucose
metabolism.5 In our previous study, we conducted a cross-
sectional analysis of a large population of Chinese children
and adolescents, and the results suggested that serum leptin,
adiponectin, and the leptin-to-adiponectin ratio were infor-
mative biomarkers for obesity, central obesity, metabolic
syndrome, and abnormal metabolic profile even in normal
weight children.6 Recent studies demonstrate that obesity
across the life span has a cumulative influence on adipo-
kines.7,8 However, there were differential associations of
adipokines with adiposity at different life stages. In addition,
in previous longitudinal studies conducted in children, the
results of the influence of adipokines on changes in weight
and body fat have been inconsistent.9–12 Therefore, we
conducted a prospective study on Chinese primary school
students to test the hypothesis that hyperleptinemia, hy-
poadiponectinemia, and a high leptin-to-adiponectin ratio
may be predictive of subsequent weight gain and devel-
opment of obesity in baseline obese and nonobese children.

Subjects and Methods

Subjects
Subjects were recruited from the Beijing Child and

Adolescent Metabolic Syndrome Study (BCAMS), which
was a cross-sectional school-based survey initiated in 2004
in Beijing, China. The study sample and data collection
have been described elsewhere.13 To explore change in
obesity status from childhood to adolescence, we conducted
a follow-up study in a young subcohort of children aged 6–
11 years. In total, 1626 children aged 6–11 years had blood
samples and underwent a baseline examination in 2004. For
longitudinal analysis, 848 individuals who did not attend the
follow-up examination at the six-year interval in December
2010 were excluded from the participant pool. The re-
maining 778 participants, including 246 obese (58.6% of
those eligible) and 532 nonobese children (44.1% of those
eligible), were eligible for analysis. They were reassessed
for BMI and waist circumference (WC) using the same
standard protocol as measured at baseline. Overweight and
obesity were defined using the sex- and age-specific BMI
cutoffs recommended by the International Obesity Task
Force.14 Written informed consent was obtained from all
subjects and from their parents or guardians. The study was
approved by the Ethics Committee and Institutional Review
Board of Capital Institute of Pediatrics.

Measurement of Anthropometric Parameters
Anthropometric data were collected by trained health

technicians using a standard protocol. All instruments were
validated following the standard methods of the manu-
facturers.15 Weight was measured to the nearest 0.1 kg on a
balance beam scale, and height was measured to the
nearest 0.1 cm with a wall-mounted stadiometer. WC was
measured midway between the lowest rib and the superior
border of the iliac crest after normal expiration with an
inelastic measuring tape to the nearest 0.1 cm. BMI was
calculated as weight in kilograms divided by the square of
height in meters. Waist-to-height ratio (WHtR) was cal-
culated to define central obesity using a boundary value of
0.5.16 Pubertal developmental stage was determined based
on breast development in girls and testicular volume in
boys by trained physicians, according to the criteria de-
scribed by Marshall and Tanner.17 Prepuberty (Tanner I)
and puberty (Tanner II or later) were classified according
to onset of puberty.

Leptin and Adiponectin Measurement
At baseline, blood samples were collected from an

antecubital vein in vacutainer tubes after a 12-hour over-
night fast. Within 30 minutes, plasma and serum aliquots
were separated and stored at -80�C until further analysis.
All antibodies, reagents, and the adiponectin standard were
purchased from Phoenix Pharmaceuticals, Inc. (Belmont,
CA) Serum adiponectin was measured by ELISA with an
intra-assay and interassay coefficient of variation (CV) of
<5.4% and <8.5%, respectively, while serum leptin was
measured by ELISA with an intra-assay and interassay CV
of <7.4% and <9.3%, respectively.6,18

Statistical Analyses
The analyses were conducted separately in boys and

girls. The results are expressed as the mean – standard
deviation (SD) or geometric means (95% confidence in-
terval) for continuous variables and numbers (proportions)
for categorical variables. The BMI was standardized to
age- and gender-specific Z-score, which indicates the dis-
tance of a particular value from the mean in units of SD as
follows: [(observed value - mean)/SD], based on national
reference data for China.19 The adipokines had skewed
distributions and were natural logarithm transformed for
analysis. The mean values for each variable were com-
pared between boys and girls with Student’s t-test or
analysis of covariance (ANCOVA), adjusting for baseline
age and pubertal stage. Proportions of sex, Tanner stage,
and obesity were compared using w2 test. Multivariate
linear regression models were used to identify the associ-
ations between adipokines and changes in adiposity mea-
sures. Age, Tanner stage, and adiposity indices at baseline
were adjusted for as covariates. All statistical analyses
were performed with Statistical Package for Social Sci-
ences (SPSS) version 20.0 software for Windows (SPSS,
Inc., Chicago, IL). Two-sided p values <0.05 were con-
sidered statistically significant.
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Results
A total of 778 subjects (47.8%) were followed for 6.4 – 0.2

years. Comparisons of the baseline characteristics of the
subjects between those included and those excluded are
displayed in Table 1. The participants included were younger
and heavier with higher levels of adiposity measurements
(BMI, BMI Z-score, and WHtR) and a higher prevalence of
obesity and central obesity than those lost to follow-up.

Characteristics of Participants at Baseline
and Follow-Up

General demographic, anthropometric, and marker
characteristics of the participants at baseline and follow-up
are presented in Table 2. There were no differences in age
between the two genders, but girls had an advanced pu-
bertal stage. All the adiposity measurements (BMI, BMI
Z-score, WC, and WHtR) and the prevalence of obesity
and central obesity at both surveys were significantly
higher in boys than in girls. After adjusting for age and
Tanner stage, no differences in baseline leptin, adipo-
nectin, or their ratio were detected between boys and girls.

During the follow-up period, 58 children (27 boys and
31 girls) were newly identified as obese, with an incidence
of obesity of 10.9% (58/532). At the second survey, 64.2%
(158/246) of previously obese children remained obese as
they aged into adolescence. The persistence of obesity

(69.2% vs. 52.7%, p < 0.05) but not the incidence of obe-
sity (10.8% vs. 11.0%, p > 0.05) was significantly higher in
boys than in girls.

Baseline Adipokine Levels in Children
with New-Onset or Persistent Obesity

Over the follow-up period, the newly identified obese
children had higher leptin levels and leptin-to-adiponectin
ratios than sustained nonobese children, regardless of gen-
der (all p < 0.001), after adjusting for age and Tanner stage
(Table 3). The above differences were not significant after
further adjusting for basal BMI. Within the baseline obese
group, serum adiponectin was significantly decreased in
boys with persistent obesity versus with transient obesity
(9.8 vs. 12.5 mg/L, p = 0.012), but the difference was not
noted in girls. The comparisons of leptin, adiponectin, and
leptin-to-adiponectin ratio were replicated when WHtR was
used to define central obesity (data not shown).

Prediction of Weight Gain by Baseline Adipokines
across Obesity Categories

Leptin, adiponectin, and their ratio were significantly
correlated with the adiposity variables, including BMI,
BMI Z-score, and WHtR, measured at baseline irrespective
of pubertal stage, and the correlation was stronger in the
nonoverweight group than that in the overweight or obese
group (Supplementary Table S1; Supplementary Data are
available online at www.liebertpub.com/chi). Changes in
adiposity measures over the six-year follow-up were then
calculated to express weight gain. As shown in Table 4,
high leptin levels predicted a greater BMI Z-score gain in
girls but a lower BMI Z-score gain in boys. Stratified an-
alyses by obesity status revealed significant associations of
leptin and the leptin-to-adiponectin ratio with changes in
BMI Z-score only in the nonobese group.

Then, we further divided the nonobese children into
nonoverweight and overweight groups, and the inverse as-
sociation between leptin levels and BMI Z-score gain in
boys was only in the overweight group (Supplementary
Table S2). We divided the obese group in tertiles to clarify
different trends that might be present across obesity degrees.
We found that there was an increase relationship trend be-
tween serum leptin and BMI Z-score gain across obesity
degrees, although not significant (Supplementary Table S2).

Leptin was positively associated with an increase in
WHtR in boys (Table 5). Stratified analyses revealed a
significant association in boys only in the noncentrally
obese group. The predictive ability of the leptin-to-
adiponectin ratio on change in WHtR was similar to that of
leptin. There were no associations between serum adipo-
nectin and changes in any adiposity measures.

Puberty Modified the Predictive Value of Baseline
Adipokines for Weight Gain in Nonobese Children

Further analyses stratified by puberty indicated that the
association between the leptin-to-adiponectin ratio and

Table 1. Characteristics at Baseline
between Participants and Those
Lost to Follow-Up

Characteristics

Participants

(n 5 778)

Lost to

follow-up

(n 5 848) w2/t p

Boys (%) 54.1 54.2 0.003 0.957

Age (years) 9.4 – 1.5 9.8 – 1.6 -5.947 <0.001

BMI (kg/m2) 20.6 – 4.4 20.1 – 4.5 2.175 0.030

BMI Z-score 1.41 – 1.51 1.16 – 1.50 3.354 0.001

WC (cm) 68.3 – 12.1 67.4 – 12.0 1.605 0.109

WHtR 0.49 – 0.07 0.48 – 0.07 4.148 <0.001

Obesitya (%) 31.6 20.5 26.097 <0.001

Central obesityb (%) 46.8 35.4 22.073 <0.001

Data are expressed as mean – SD or frequency, and differences

between those included and those excluded were examined using

Student’s t-test or w2 test.
aObesity was defined using the age- and sex-specific BMI cutoff

points recommended by the International Obesity Task Force.
bCentral obesity was defined as WHtR ‡0.50.

SD, standard deviation; WC, waist circumference; WHtR,

waist-to-height ratio.
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BMI Z-score gain in nonobese children was significant
only in the prepubertal subgroup (boys: b = -0.155,
p = 0.034; girls: b= 0.251, p = 0.006), not in the pubertal
subgroup. In noncentrally obese boys, high levels of leptin
(b = 0.019, p < 0.001) and the leptin-to-adiponectin ratio
(b = 0.016, p < 0.001) were also positively associated with
a greater increase in WHtR in the prepubertal subgroup,
but the association for adiponectin was in the pubertal
subgroup (b = 0.026, p = 0.045).

Discussion
The current study provides longitudinal information

about the predictive value of adipokine markers for weight

gain and the development of obesity in both baseline obese
and nonobese children. Our results showed that relatively
high serum leptin concentrations and leptin-to-adiponectin
ratio were positively associated with BMI Z-score gain in
baseline nonobese girls and with WHtR gain in non-
centrally obese boys over the six-year follow-up period.
Our findings confirm that sex-dependent associations exist
between baseline leptin levels and subsequent changes in
adiposity measures in children and support the consider-
ation of baseline obesity and pubertal status as potential
confounders.

Several previous longitudinal studies found inverse re-
lationships between leptin and adiposity changes in non-
obese young adults20,21 and children.22,23 It is worth noting

Table 2. Participant Characteristics at Baseline and Follow-Up

Variables

At baseline At follow-up (6.4 6 0.2 years later)

All (n 5 778) Boys (n 5 421) Girls (n 5 357) All (n 5 778) Boys (n 5 421) Girls (n 5 357)

Age (years) 9.4 – 1.5 9.4 – 1.5 9.3 – 1.6 15.8 – 1.5 15.9 – 1.5 15.8 – 1.6

Tanner stage [n (%)]

1 509 (67.9) 322 (80.1) 187 (53.7) / / /

2 157(20.9) 63 (15.7) 94 (27.0) / / /

3–5 84 (11.2) 17 (4.2) 67 (19.3)** / / /

Height (cm) 139.2 – 10.9 139.9 – 10.7 138.4 – 11.2 168.4 – 8.7 173.5 – 7.2 162.4 – 6.0**

Weight (kg) 40.9 – 13.0 42.8 – 13.4 38.5 – 12.0** 72.4 – 18.7 79.0 – 18.7 64.5 – 15.3**

BMI (kg/m2) 20.6 – 4.4 21.4 – 4.5 19.7 – 4.0** 25.3 – 5.5 26.1 – 5.6 24.4 – 5.2**

BMI Z-score 1.41 – 1.51 1.68 – 1.59 1.09 – 1.35** 1.58 – 1.66 1.70 – 1.66 1.43 – 1.65*

WC (cm) 68.3 – 12.1 71.2 – 12.5 65.0 – 10.8** 81.8 – 14.1 86.1 – 14.2 76.7 – 12.2**

WHtR 0.489 – 0.069 0.507 – 0.070 0.469 – 0.061** 0.485 – 0.076 0.496 – 0.078 0.472 – 0.071**

Obesity [n (%)] 246 (31.6) 172 (40.9) 74 (20.7)** 216 (27.8) 146 (34.7) 70 (19.6)**

Central obesity [n (%)] 364 (46.8) 247 (58.8) 117 (32.8)** 307 (39.5) 201 (47.7) 106 (29.7)**

Changes in adiposity measures

Dweight (kg) / / / 31.5 – 13.3 36.2 – 12.3 26.0 – 12.2**

DBMI (kg/m2) / / / 4.7 – 3.5 4.7 – 3.4 4.7 – 3.6

DBMI Z-score / / / 0.17 – 1.20 0.02 – 1.11 0.34 – 1.28**

DWC (cm) / / / 13.5 – 10.0 15.0 – 10.5 11.7 – 9.1**

DWHtR / / / -0.004 – 0.056 -0.011 – 0.059 0.003 – 0.051**

Leptin (ng/mL)a 4.9 (4.4–5.4) 5.0 (4.3–5.7) 4.5 (3.9–5.3) / / /

Adiponectin (lg/mL)a 12.7 (12.2–13.2) 12.8 (12.1–13.5) 12.6 (11.8–13.4) / / /

Leptin/adiponectina 0.39 (0.35–0.44) 0.39 (0.33–0.46) 0.36 (0.30–0.43) / / /

Values are expressed as the mean – SD or n (%). Obesity was defined based on the International Obesity Task Force BMI cutoffs. Central obesity

was defined by WHtR ‡0.50.
aThe adipokine concentrations were not normally distributed; therefore, the geometric mean (95% confidence interval) after adjustment for age

and Tanner stage is shown.

*p < 0.05, **p < 0.001, significant difference between boys and girls.

D, value at follow-up - value at baseline; /, not available.
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Table 3. Comparison of Baseline Adipokine Levels between Obese and Nonobese Children
at Follow-Up Stratified by Sex and Baseline Obesity Status

Sex

Obesity

n (%) BMI Z-score Leptin (ng/mL) Adiponectin (lg/mL) Leptin/adiponectinBaseline Follow-up

Alla - - 474 (89.1) 0.50 – 0.04 2.6 (2.3–2.9) 14.0 (13.3–14.7) 0.19 (0.16–0.21)

(n = 778) - + 58 (10.9) 1.52 – 0.13 7.6 (5.5–10.5) 13.5 (11.8–15.5) 0.58 (0.40–0.83)

p <0.001 <0.001 0.640 <0.001

+ - 88 (35.8) 2.84 – 0.10 12.5 (10.5–14.8) 11.4 (10.0–12.9) 1.11 (0.89–1.37)

+ + 158 (64.2) 3.25 – 0.07 14.1 (12.5–16.0) 9.9 (9.0–10.8) 1.43 (1.23–1.67)

p 0.001 0.249 0.076 0.060

Boys - - 222 (89.2) 0.47 – 0.07 2.2 (1.8–2.6) 14.9 (14.0–15.9) 0.15 (0.12–0.18)

(n = 421) - + 27 (10.8) 1.77 – 0.20 7.0 (4.1–11.8) 14.9 (12.5–17.8) 0.49 (0.27–0.87)

p <0.001 <0.001 0.989 <0.001

+ - 53 (30.8) 2.87 – 0.11 12.1 (9.6–15.1) 12.5 (10.7–14.7) 0.97 (0.73–1.29)

+ + 119 (69.2) 3.36 – 0.07 12.9 (11.2–14.9) 9.8 (8.9–10.9) 1.32 (1.11–1.58)

p <0.001 0.602 0.012 0.077

Girls - - 252 (89.0) 0.52 – 0.06 3.0 (2.6–3.5) 13.2 (12.3–14.2) 0.23 (0.19–0.27)

(n = 357) - + 31 (11.0) 1.30 – 0.16 7.8 (5.2–11.8) 12.3 (10.1–15.1) 0.64 (0.39–1.04)

p <0.001 <0.001 0.510 <0.001

+ - 35 (47.3) 2.74 – 0.20 13.8 (10.8–17.7) 9.8 (8.0–11.9) 1.43 (1.03–1.98)

+ + 39 (52.7) 3.05 – 0.19 17.8 (14.0–22.5) 10.3 (8.5–12.5) 1.73 (1.27–2.37)

p 0.265 0.146 0.717 0.398

Values are expressed as the mean – SE or geometric mean (95% confidence interval) after adjustment for age and Tanner stage. Obesity was

defined based on the International Obesity Task Force BMI cutoffs.

Bold indicates that the associations showed statistical significance.

‘‘-’’ indicates nonobese state and ‘‘+’’ indicates obese state.
aAdditionally controlled for sex.

SE, standard error.

Table 4. Regression Coefficients (b) and Standard Error of Natural Logarithm of Each
Adipokine on Change in BMI Z-Score Stratified by Sex and Obesity Status at Baseline

Sex

Obesity

status n

Leptina Adiponectina Leptin/adiponectina

b (SE) p b (SE) p b (SE) p

Boys All 421 20.148 (0.065) 0.022 20.135 (0.102) 0.183 20.063 (0.054) 0.245

Nonobese 249 20.131 (0.072) 0.070 0.125 (0.120) 0.298 20.128 (0.061) 0.036

Obese 172 20.136 (0.134) 0.312 20.332 (0.175) 0.060 0.033 (0.105) 0.753

Girls All 357 0.312 (0.075) <0.001 20.097 (0.117) 0.406 0.224 (0.060) <0.001

Nonobese 283 0.209 (0.080) 0.009 20.007 (0.121) 0.956 0.146 (0.066) 0.027

Obese 74 0.169 (0.255) 0.509 0.159 (0.317) 0.618 0.023 (0.188) 0.905

Bold indicates that the associations showed statistical significance.
aData with skewed distributions were natural logarithm-transformed for analysis.

Adjusted for age, Tanner stage, and BMI Z-score at baseline.

Obesity was defined based on the International Obesity Task Force BMI cutoffs.
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that these studies were all conducted with small sample
sizes or with a short follow-up interval. In contrast with
these studies, the results of most studies were in agreement
with ours, showing a positive relationship between circu-
lating leptin levels and greater future BMI or body adi-
posity.11,12,24 Recent studies11,12 as well as ours were
conducted in the general pediatric East Asian population.
In the present study, we first contributed to a growing body
of literature by reporting the associations between leptin
levels and adiposity variations in Chinese children.

We found that leptin levels sex dependently predicted
gains in BMI Z-score and WHtR in nonobese children. One
explanation for this finding is the gender difference in the
direction of the change in fat mass and fat-free mass re-
lationship throughout childhood. BMI is widely used as a
surrogate marker of adiposity. The age-related increase in
BMI throughout development is driven primarily by a
large increase in fat-free mass, particularly in boys.25–27

During this period, girls gain more fat mass relative to lean
mass, whereas boys experience a prepubertal fat growth
followed by rapid gains in fat-free mass and reductions in
fat mass.28,29

Besides the amount of fat mass, there is a striking sex
difference in body fat distribution. Adipose tissue is more
likely to be deposited in the abdomen in boys than in
girls,30 although *90% of abdominal fat in children is
subcutaneous adipose tissue.31 WC and WHtR are surro-
gate markers of central obesity and reflect both subcuta-
neous adipose tissue and visceral adipose tissue. Visceral
adipose tissue accumulates more rapidly with age and
weight gain in boys than in girls, although visceral adipose
tissue secretes less leptin than subcutaneous adipose tis-
sue.32 Therefore, changes in WHtR but not BMI may more

accurately estimate the change in adiposity in boys, while
a change in BMI Z-score is a better indicator of fat gain
in girls.

In addition, in the stratified analyses, we found the
positive association between leptin and BMI Z-score in-
crease in girls with prepubertal stage, but the negative
association in boys with pubertal stage. So, the differ-
ent sex steroid milieu may influence role of leptin on ad-
iposity change between males and females.33 Our findings
suggest that resistance to leptin may be present in non-
obese girls and noncentrally obese boys, in whom it would
predict subsequent adiposity gain, but in some boys with
the highest leptin levels, leptin can normally suppress
weight gain.

However, in obese children, we found no evidence
supporting the associations of leptin with weight gain and
obesity persistence over time. The highest levels of base-
line leptin were observed in children with persistent obe-
sity, followed by those with transient obesity at baseline
and then incident obesity during the follow-up period
compared to nonobese children at both surveys. This
suggests that serum leptin is more important for concurrent
obesity than weight gain or future obesity. This finding is
consistent with some previous studies in adult Mauritians34

and in African American and white young and older
adults.35,36 However, this relationship has been challenged
by other studies finding positive associations,10,37 which
have been interpreted as evidence that high levels of leptin
are indicative of leptin resistance in overweight and obese
people and are a contributing factor to weight gain. As
leptin levels are closely related to adipose tissue, the re-
lationship between leptin levels and future weight gain
during childhood and adolescence could differ depending

Table 5. Regression Coefficients (b) and Standard Error of Natural Logarithm
of Each Adipokine on Changes in Waist-to-Height Ratio Stratified by Sex
and Central Obesity Status at Baseline

Sex Obesity status n

Leptina Adiponectina Leptin/adiponectina

b (SE) p b (SE) p b (SE) p

Boysb All 420 0.007 (0.003) 0.043 -0.009 (0.005) 0.119 0.007 (0.003) 0.015

No central obesity 173 0.015 (0.004) <0.001 -0.004 (0.008) 0.614 0.011 (0.003) 0.001

Central obesity 247 0.001 (0.005) 0.947 -0.012 (0.008) 0.124 0.003 (0.004) 0.529

Girls All 357 -0.003 (0.003) 0.270 0.008 (0.005) 0.108 -0.005 (0.003) 0.074

No central obesity 240 -0.002 (0.003) 0.462 0.006 (0.005) 0.274 -0.003 (0.003) 0.234

Central obesity 117 -0.003 (0.008) 0.721 0.013 (0.010) 0.224 -0.007 (0.006) 0.284

Adjusted for age, Tanner stage, and WHtR at baseline.

Central obesity was defined by WHtR ‡0.50.

Bold indicates that the associations showed statistical significance.
aData with skewed distributions were natural logarithm-transformed for analysis.
bBaseline WC data were missing in one boy.
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on the degree of fat mass excess and pubertal development.
Accordingly, the discrepancies between our results and
those of previous studies may be attributed, in part, to
differences in average BMI (common obese vs. morbidly
obese). The heterogeneity of the study populations in age,
ethnic background, family history of obesity and leptin
resistance, and of study design, such as differences in
the follow-up interval and methods of adjustment for the
variability in body composition, may have also contrib-
uted to these contradictory results. The potentially con-
founding effects of acute dietary and physical activity on
leptin and associations with weight change have been
overlooked in most studies. Thus, increased leptin levels
in obese children may not necessarily reflect leptin re-
sistance, and many children appear to remain leptin
sensitive at this age.38 This suggests that high leptin levels
in obese children may be a consequence of an adaptation
to obesity.

Adiponectin is an adipocyte-specific hormone that ex-
erts pleiotropic physiological functions by promoting in-
sulin sensitivity, inhibiting cell death, and suppressing
inflammation. Serum adiponectin concentrations are lower
in individuals with insulin resistance, type 2 diabetes, and
obesity in cross-sectional studies. However, there is a lack
of studies investigating the prospective effects of hypoa-
diponectinemia on the development of obesity in humans.
Hypoadiponectinemia was not causally associated with
increasing adiposity in obese Pima Indians,39 elderly white
individuals,36,40 or overweight Afro-Jamaicans.41 In con-
trast, there was a significant positive relationship between
weight change and baseline adiponectin levels in healthy
women who did not develop diabetes over a long follow-up
period.42 In the current study, we found lower adiponectin
concentrations in boys with persistent obesity versus those
with transient obesity, and a positive association between
baseline adiponectin levels and WHtR gain only in non-
centrally obese pubertal boys. However, these results need
to be further validated because of the relatively small
numbers in the subgroup. These prospective data add to the
current literature on the predictive effects of baseline
adiponectin levels on increasing adiposity in children.

We also examined the impact of the leptin-to-adiponectin
ratio, a joint indicator of adipokine levels, on weight gain
from childhood to adolescence. Previous studies indicated
that the ratio of serum leptin to adiponectin may reflect
compromised adipose tissue function and should be a more
efficient predictor of obesity and related complications
than leptin or adiponectin alone.6,43 However, other
studies, including a single cohort with large samples of
adults from four ethnicities, demonstrated that this ratio
was not more strongly associated with adiposity or insulin
resistance than leptin or adiponectin.44 Our findings
provide evidence that the leptin-to-adiponectin ratio is,
similar to leptin, related to gains in adiposity measures. In
nonobese prepubertal children, the ratio beyond leptin
predicts changes in BMI Z-score irrespective of gender.
The leptin-to-adiponectin ratio may be a good joint

marker for future adiposity gain. Serum leptin and adi-
ponectin can be readily measured in clinical practice and
these findings may be used to differentiate the ‘‘at risk of
obesity’’ state from nonobese in childhood. The children
at high risk for obesity are most in need of weight mon-
itoring and early, intensive intervention.

Our study had several strengths. The present study not
only provides the longitudinal relationships of leptin, adi-
ponectin, and their ratio with subsequent BMI gain during
childhood and adolescence but also examines the predic-
tive effect of adipokines for gain in WHtR, which is an
indicator for central obesity. In addition, the detailed
analysis with the sizeable sample is another advantage. We
investigated the predictive value stratified by sex, baseline
obesity state, and pubertal status. Our results provided
evidence of the sex-dependent associations of leptin and
the leptin-to-adiponectin ratio with gains in adiposity
measures only in nonobese or noncentrally obese children.
The direct examination of pubertal status is a clear strength
of this study. The stratified analysis by puberty indicated
that the onset of puberty weakened the associations.
However, our results should be considered preliminary.
The modification of effects by puberty needs to be further
clarified in studies with larger sample sizes.

Nonetheless, some limitations to this study should be
noted. First, loss to follow-up is inevitable over a long-term
period. More than half of the eligible children were lost to
follow-up, and more obese and younger children were
detected in those included than in those excluded in the
present analyses. Second, although BMI provides a simple,
convenient measurement of obesity, it does not distinguish
between body fat mass and fat-free mass. WC and WHtR, as
measures of central obesity, do not differentiate subcutane-
ous fat from visceral fat. Body composition measurement
will be guaranteed in the future study. Third, data on lifestyle
factors (e.g., eating habits and physical activity) may influ-
ence the associations between adipokines and weight gain,
but they were not collected during the six-year follow-up.

In conclusion, relatively high serum leptin was associ-
ated with greater BMI gain in nonobese girls and with
waist gain in noncentrally obese boys during a six-year
follow-up period. The ratio of leptin to adiponectin was
superior to leptin or adiponectin alone in predicting sub-
sequent weight gain in nonobese or noncentrally obese
children. We propose that high serum leptin and leptin-to-
adiponectin ratio can be considered early biomarkers for
identifying children at greater risk of future obesity. Low
adiponectin can be considered a predictor of the persis-
tence of obesity in boys. We conclude that the predictive
ability of adipokines regarding changes in adiposity is
variably dependent on gender, baseline obesity status, and
pubertal status.
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