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Recent evidence suggests a role for adipose derived cytokines
(adipocytokines) such as tumor necrosis factor-� (TNF-�), IL-6,
and the recently discovered adiponectin in the mechanism of
impaired glucose regulation and atherosclerosis in adults. How-
ever, the relationship between adipocytokines and body compo-
sition, fasting insulin, and fitness is virtually unknown children.
Fasting blood sampling was performed in 30 healthy, predomi-
nately Hispanic- and Asian-American children (16 boys, mean
age 12.7 � 0.1 y old) from a lower socioeconomic area in Los
Angeles. Adiposity was measured by dual x-ray absorptiometry
(DEXA); and peak oxygen uptake using cycle ergometry. Adi-
ponectin (mean 10.8 � 0.8 �g/mL) was inversely correlated with
body mass index (BMI, as percentile by age) (r � �0.48, p �
0.011) and fat mass (r � �0.43, p � 0.03). In contrast, TNF-�
and IL-6 were both positively correlated with BMI and fat mass.
Adiponectin was inversely correlated with fasting insulin (r �
�0.52, p � 0.006), but no correlations were found for insulin
and either TNF-� or IL-6. Adiponectin was correlated with HDL

(r � 0.448, p � 0.019). Paradoxically, peak oxygen consumption
(an indicator of fitness) was negatively correlated with adiponec-
tin levels (r � �0.471, p � 0.013) and positively correlated with
TNF-� (r � 0.560, p � 0.002). In children, adipocytokines are
correlated with fat mass, insulin sensitivity, and cardiovascular
risk factors in a manner that is qualitatively similar to relation-
ships recently observed in adults. In more obese children, the
mass of fat tissue may attenuate potentially positive effects of
fitness on circulating levels of adiponectin and TNF-�. The novel
data on adiponectin suggest that deleterious dysregulation of
adipocytokines associated with obesity may occur relatively
early in life. (Pediatr Res 53: 148–152, 2003)

Abbreviations
TNF-�, tumor necrosis factor-�
DEXA, dual x-ray absorptiometry
BMI, body mass index
V̇O2, oxygen consumption

Obesity in children is clinically worrisome because it is
associated with low levels of physical fitness and poor diet
leading to increased risk of metabolic or cardiovascular dis-
eases later in life (1). Obesity can also reflect the presence of
disease such as type 2 diabetes mellitus, now increasingly
found in children and adolescents (2). The mechanisms that
link adipose tissue with pathologic processes of insulin resis-
tance and hyperlipidemia are poorly understood. As a conse-
quence, clinicians currently lack diagnostic criteria for deter-
mining the level of adiposity above which significant metabolic
dysregulations occur and aggressive treatment should be
implemented.

The fat tissue, once considered a metabolically inert tissue
serving only as a depot for energy substrate and insulation, is
now known to be metabolically active. Recent investigations
have focused on a family of adipose derived cellular mediators
(adipocytokines), including TNF-� and IL-6. The importance
of these agents is that they are produced by fat cells and are
known to regulate a host of physiologic processes directly tied
to carbohydrate and fat metabolism and the development of
obesity complications such as diabetes and atherosclerosis (3).

The recently discovered adipocytokine adiponectin is the
most abundant gene product in fat tissue (4). In contrast to all
other known adipocytokines, adiponectin levels are known to
be decreased in obese adults, and in individuals with either
type 2 diabetes or coronary artery disease (5). There is mount-
ing evidence that adiponectin is involved in the pathogenesis of
type 2 diabetes and atherosclerosis by its effects on TNF-� and
the expression of certain endothelial adhesion molecules (6).
Consequently, the regulation and function of adiponectin has
been the subject of substantial recent investigation. To our
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knowledge, the relationship of adiponectin to body fat, fitness,
and other adipocytokines has yet to be studied in children.

The purpose of this study was to examine these anatomic
and physiologic variables in a population of pre- and early
adolescent children from an inner-city, lower socioeconomic
status—conditions that are associated with increased incidence
of obesity in preadolescents (7). Specifically, we hypothesized
that adiposity, poor fitness, and insulin resistance would be
positively correlated with the adipocytokines IL-6 and TNF-�;
but negatively correlated with the newly discovered
adiponectin.

METHODS

Sample population. The study was approved by the Institu-
tional Review Board, University of California, Irvine (UCI)
and informed consent as well as assent were obtained. Thirty
healthy, predominately lower socioeconomic children volun-
teered to participate in the study (Table 1). The volunteers were
all students attending a single middle school in the Los Angeles
area. We recognized that a strictly random sampling of all
eligible students is virtually impossible given that the process
of informed consent is based on the willingness of individual
children and their parents to participate.

Height, weight, and BMI measurements. Standard, cali-
brated scales and stadiometers were used to determine height,
weight, and BMI. Because BMI changes with age, we calcu-
lated BMI percentile for each child using the recently pub-
lished standards from the Centers for Disease Control, National
Center for Health Statistics (8).

Assessment of body fat by DEXA. Fat mass was measured
by DEXA using a hologic QDR 4500 densitometer (Hologic,
Inc. Bedford, MA, U.S.A.), a well-established technique for
assessing body composition in children. Subjects were scanned
in light clothing, while lying flat on their backs. DEXA scans
were performed and analyzed using pediatric software. On the
days of each test, the DEXA machine was calibrated using the
procedures provided by the manufacturer.

Measurement of cardiorespiratory fitness. Each subject
performed a ramp-type progressive exercise test on a cycle
ergometer in which the subject exercised to the limit of his
tolerance. Subjects were vigorously encouraged during the
high-intensity phases of the exercise protocol. Gas exchange
was measured breath-by-breath (9) and the V̇O2 peak was

determined as previously described for children and adoles-
cents (10).

Serum measurements. Fasting, early morning blood mea-
surements were obtained by standard phlebotomy.

TNF-�. TNF-� levels were determined by ELISA with the
use of the Quantikine high-sensitivity kit (R & D Systems;
Minneapolis, MN, U.S.A.). Intra-assay coefficient of variation
(CV) was 8.7–14.8%, interassay CV was 16.1–22.6%, and the
sensitivity was 0.18 pg/mL.

IL-6. IL-6 serum levels were determined by ELISA with the
use of the Quantikine high-sensitivity kit (R & D Systems).
Intra-assay CV was 3.8–11.1%, interassay CV was 7.1–29.5%,
and the sensitivity was 0.094 pg/mL.

HDL. Serum HDL levels were performed using standard
techniques (Synchron CX-7, Beckman Coulter, Inc., Fullerton,
CA, U.S.A.). HDL intra- and interassay CV were 4.4% and
5.4%, respectively. HDL sensitivity was 5 mg/dL.

Adiponectin. Adiponectin serum levels were determined by
ELISA system developed for human adiponectin measurement
as described previously (5). Intra-assay CV was 3.3%, inter-
assay CV was 7.4%. These assays were performed in the
Department of Internal Medicine and Molecular Science,
Osaka University, Osaka, Japan.

Insulin. Insulin serum levels were determined by ELISA
with the use of the DSL-10-1600 Active kit (Diagnostic Sys-
tem Laboratories, Webster, TX, U.S.A.). Intra-assay CV was
1.3–2.6%, interassay CV was 5.2–6.2%, and the sensitivity
was 0.26 �IU/mL.

Statistical analysis. Correlation and standard linear regres-
sion analyses were used to determine the correlation coeffi-
cients between growth factors, cytokines, BMI, and indexes of
body composition and fitness. Data are presented as mean �
SEM.

RESULTS

Body composition, circulating adipocytokines, and peak
V̇O2. Subject characteristics are presented in Table 1. There
were no differences in the mean values of these measurements
between boys and girls (data not shown). Mean and the range
of circulating levels of adipocytokines, fasting insulin, and
HDL are presented in Table 2. We did note a significantly
lower level of adiponectin in boys (9.02 � 0.90 �g/mL)
compared with girls (12.62 � 1.31 �g/mL, p � 0.035).

BMI percentile (all subjects) was positively correlated with
IL-6 (r � 0.398, p � 0.04) and TNF-� (r � 0.384, p � 0.048),
and negatively correlated with adiponectin (r � �0.481, p �
0.011) (Fig. 1). Similarly, fat mass (in kilograms) measured by

Table 1. Age, gender, ethnic, anthropometric, and peak VO2 values
(n � 30)

Age (years) 12.7 � 0.1 (range 12–14)
Gender (Male/Female) 16/14
Origin (Hispanic/Asian) 14/16
Height (cm) 158.2 � 1.3 (range 143–171)
Weight (kg) 57.3 � 3.1 (range 38.9–102)
BMI (kg/m2) 22.8 � 1.1 (range 16.6–34.9)
BMI percentile (for age) 68.3 � 5.1 (range 16.9–99.4)
Peak VO2 (L/min) 1.64 � 0.07 (range 1.07–2.59)
Peak VO2 (ml/min/kg) 29.5 � 1.4 (range 14.6–53.8)
Fat mass (kg) 16.2 � 1.9 (range 4.7–38.9)
Fat percent 26.8 � 1.9 (range 9.7–44.5)

Data presented as mean � SEM.

Table 2. Circulating adiponecytokines, fasting insulin, and HDL

Adiponectin (�g/ml) 10.8 � 0.8 (range 4.2–20.8)
IL-6 (pg/ml) 2.6 � 0.2 (range 0.5–5.1)
TNF-� (pg/ml) 3.3 � 0.2 (1.5–5.0)
Insulin (�IU/ml) (Normal Value: 7–24

�IU/ml)
9.62 � 1.3 (range 1.9–30.5)

HDL (mg/dl) (Normal Value: 35–84 mg/ml) 58.2 � 2.3 (range 31–80)

Data presented as mean � SEM.
Normal values adapted from: Nelson Textbook of Pediatrics 16th edition,

W.B. Saunders 2000.
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DEXA was positively correlated with IL-6 (r � 0.487, p �
0.01) and TNF-� (r � 0.448, p � 0.019), and negatively
correlated with adiponectin (r � �0.427, p � 0.026) (Fig. 2).
Percent fat was positively correlated with IL-6 (r � 0.46, p �
0.016) and negatively correlated with adiponectin (r � �0.39,
p � 0.04). Peak V̇O2 was negatively correlated with adiponec-
tin levels (r � �0.471, p � 0.013) and positively correlated
with TNF-� (r � 0.560, p � 0.002).

Circulating adipocytokines and insulin. Fasting insulin lev-
els were negatively correlated with adiponectin (r � �0.524,
p � 0.006) (Fig. 3). No significant correlations were found
between fasting insulin and either TNF-� or IL-6. Adiponectin
was inversely correlated with TNF-� (r � �0.562, p � 0.002)
(Fig. 3). No correlation was found between adiponectin and
IL-6.

Adipocytokines and HDL. HDL levels were positively cor-
related with adiponectin (r � 0.448, p � 0.019). There were no
significant correlations between HDL and either TNF-� or
IL-6.

DISCUSSION

This study demonstrates for the first time in children, the
relationship between the adipocytokines (adiponectin, TNF-�,
and IL-6) with body composition, fitness, markers of insulin
resistance, and cardiovascular risk. As noted above, volunteers
for this study were recruited from a population at high risk for
the development of obesity relatively early in life, and, in fact,
the mean BMI percentile was greater than average at 68.3 �
5.1. The children in our study with higher body fat stores had
higher levels of TNF-� and IL-6, and lower levels of adiponec-
tin (Figs. 1 and 2). Finally, although no correlations were
observed between fasting insulin and either TNF-� or IL-6,
adiponectin was negatively correlated with fasting insulin (Fig.
3).

Although this study did not include adults, the adiponectin
assay from previous studies in adults were performed in the
same laboratory using a uniform technique. When compared
with these previous studies, this initial report suggests that
adiponectin levels may be higher in children compared with

adults. For example, Arita and co-workers (5) reported mean
adiponectin levels of about 8.9 �g/mL (ranging from 1.9 to
17.0 �g/mL) in nonobese adults, whereas the mean level for
children whose BMI was less than the 85th percentile in our
study was 12.1 �g/mL (ranging from 4.6 to 20.8 �g/mL).
These generally higher levels may reflect the fact that children
have lower BMI and relatively lower fat than adults (8).

We also noted that the boys in our study had lower levels of
adiponectin than did the girls, despite the fact that there were
no significant differences in fat mass. This gender difference
was also noted previously in adults (5). Factors like gender and

Figure 1. Relationship between adiponectin and BMI percentile. There was
a significant inverse correlation between these two variables.

Figure 2. Relationship between fat mass (measured by DEXA) and circulat-
ing adipocytokines. Both TNF-� and IL-6 were significantly correlated with fat
mass (top two panels). In contrast, adiponectin was inversely correlated with
fat mass (bottom panel).
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ethnicity may also play a role in adiponectin regulation among
different populations (11), and additional, larger sample size
studies will clearly be needed in children to fully elucidate the
impact of gender and ethnicity on circulating adipocytokines.

As fat mass increases in obesity, adipocytokines become
involved in a number of metabolic and hormonal adjustments
leading to impaired glucoregulation and atherosclerosis. IL-6
induces an acute phase response, increases basal glucose up-
take, alters insulin sensitivity, and adversely affects triglyceride
metabolism (12). Fat-derived TNF-� acts on other tissues to
impair the function of the insulin receptor and hasten the
development of insulin resistance (13, 14). Obesity alterations
in adiponectin concentrations may also contribute to insulin
resistance through a variety of mechanisms: first, adiponectin
actually inhibits TNF-� secretion (6) (see Fig. 3), and as
adiponectin levels decrease, this attenuation likely diminishes
as well. Moreover, Yamauchi and co-workers (15) recently
reported in an animal model that exogenously administered
adiponectin reverses insulin resistance associated with both
lipoatrophy and obesity by altering triglyceride metabolism in
the muscle and liver.

Adiponectin was found to be positively correlated with HDL
levels in the children studied, and higher HDL indicates a
reduced risk of atherosclerotic cardiovascular disease (16). As
is the case with insulin resistance, the role of adiponectin in
reducing cardiovascular risk may derive primarily from the fact
that adiponectin inhibits biologic activity of TNF-�. In vitro
studies demonstrated that high levels of adiponectin interfere
with the process of atherosclerosis by inhibiting the TNF-�-
induced expression of adhesion molecules in endothelial cells
and the secretion of TNF-� from monocyte-macrophages (17,
18), as well as by suppressing lipid accumulation in monocyte-
macrophage cells, a key step in the pathogenesis of atheroscle-
rosis (19). The converse is also true, namely, high levels of
TNF-� antagonize adiponectin (6, 20). Along these lines, we
found a significant inverse correlation between adiponectin and
TNF-� (Fig. 3).

We found that adiponectin was negatively correlated with
peak V̇O2, a counterintuitive observation inasmuch as it would
have been reasonable to expect fitter subjects to have less fat
mass and, consequently, higher levels of adiponectin. How-
ever, although the obesity syndrome is characterized primarily
by excess fat, obese adults and children have a relatively large
muscle mass as well. Muscle mass, in turn, is the major
determinant of most physiologic indicators of fitness like peak
V̇O2. Thus, the seemingly paradoxical association between
decreased adiponectin and peak V̇O2 levels is explained by the
fact that the more obese children in our study tended to have
simultaneously 1) lower adiponectin due to greater fat mass;
and 2) increased peak V̇O2 due to greater muscle mass. Clearly,
higher levels of physical activity in children are associated with
an augmentation of muscle mass and decrease in fat (21),
which in and of itself would likely lead to increased adiponec-
tin and reduced IL-6 and TNF-�. Exercise improves insulin
resistance in large part by altering glucose transporters in the
muscle (22–24), but our data suggest that potentially beneficial
effects of exercise in obese children may be diminished in the
absence of accompanying decreases in fat mass. Whether
exercise levels independently influence the concentration of
adiponectin or other adipocytokines is simply not known.

Surprisingly, there is not, to our knowledge, a good source
for cytokine reference values in healthy children. For example,
the reference value for IL-6 found in the recent edition of
Nelson Textbook of Pediatrics (25) is 7 � 1 pg/mL, a value that
is based on a paper by Krafte-Jacobs and Bock (26) who used
16 “outpatient and hospitalized children without infection or
anemia.” This reference value is higher than what we (27–29)
and others (30) have consistently found in children, and prob-
ably reflects the fact that the children studied by Krafte-Jacobs
and Bock, who are hospitalized or seen in an outpatient clinic,
are likely to have increased circulating proinflammatory cyto-
kines from stress, trauma, and other injuries, even in the
absence of overt infection.

In summary, our data support the relatively new concept that
in children as well as in adults, obesity influences mediators
like the adipocytokines that have been traditionally thought to
be involved in the inflammatory process (31). From a clinical
perspective, measurement of adipocytokines may become part
of the standard evaluation of the obese child and help to

Figure 3. Relationship between adiponectin and fasting insulin (top panel)
and TNF-� (bottom panel). Adiponectin was inversely correlated with both
fasting insulin and TNF-�.
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manage those overweight children who may be at high risk for
the development of type 2 diabetes and atherosclerosis later in
life.
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