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Abstract

The aim was to evaluate the possible role of tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), C-reactive protein (CRP), low fitness,
and fatness in the early development of clustering of cardiovascular disease (CVD) risk factors and insulin resistance. Subjects for this cross-
sectional study were obtained from 18 schools near Copenhagen, Denmark. Two hundred ten 9-year-old children were selected for cytokine
analysis from 434 third-grade children with complete CVD risk profiles. The subgroup was selected according to the CVD risk factor profile
(upper and lower quartile of a composite CVD risk score). All the CVD risk factors and CRP differed between the high- and low-risk groups;
but plasma glucose, TNF-α, and IL-6 had small and inconsistent differences. Strong associations were found between CVD risk scores and
fitness (VO2peak) or fatness. No associations were found between CVD risk scores and TNF-α and IL-6. C-reactive protein was associated
with fitness, fatness, and CVD risk score. This study does not support an association between plasma IL-6 or TNF-α and low insulin
sensitivity or clustering of CVD risk factors in a young cohort. Inflammation was more pronounced in fat and unfit children based on the
association with CRP levels. The association between fitness and fatness variables, insulin resistance, and clustered risk could be caused by
other mechanisms related to these exposures. The role of IL-6 remains unclear.
© 2010 Elsevier Inc. All rights reserved.
1. Introduction

Metabolic syndrome (MetS) is characterized by a
concurrence of obesity, high levels of many cardiovascular
disease (CVD) risk factors, and insulin resistance. The
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risk factors. Using homeostasis model assessment (HOMA)
as a marker of insulin resistance, healthy young adults in the
upper quartile for insulin resistance with no signs of type 2
diabetes mellitus had about 25 times increased risk of having
clustered CVD risk factors compared with those in the lowest
quartile [4]. The clustering also appears to be associated with
sedentary lifestyle, low fitness, and obesity [5,6].

Adiposity is a key component of MetS, and most type 2
diabetes mellitus patients are obese; many believe that
obesity is the main cause of insulin resistance. Hypotheti-
cally, one way adipose tissue exerts the effect on insulin
resistance is through its production of cytokines. Hotamisli-
gil et al [7], using an animal model, showed that the presence
of tumor necrosis factor α (TNF-α) decreased insulin
sensitivity and that sensitivity returned when TNF-α was
blocked. Human studies of obese adults or severely obese
adolescents have shown an association between obesity and
TNF-α [8,9]. Such studies do not allow us to determine the
time course for this pathophysiology. For example, insulin is
an anabolic hormone; and high levels of insulin increase
storage of fat. Obesity and high TNF-α level could therefore
be a result of insulin resistance instead of the cause; and
finally, it could be both.

Interleukin-6 (IL-6) is produced in adipose tissue and is
considered a proinflammatory and immunoregulating cyto-
kine [8]. Interleukin-6 has been reported to be elevated in
obese youth, and persistent elevation of IL-6 appears to
predict the development of insulin resistance [9]. Intrigu-
ingly, IL-6 is also produced in the muscle during exercise
and has been hypothesized to block the production of
TNF-α, thereby improving insulin sensitivity [10,11]. In
studies where physiologic concentrations of rhIL-6 have
been administered to healthy young and elderly humans,
as well as patients with type 2 diabetes mellitus, IL-6 has
been identified as a potent modulator of fat metabolism in
humans, increasing lipolysis as well as fat oxidation [12].
However, there is convincing evidence that IL-6 has an
important role as a proinflammatory cytokine produced by
a variety of cells including leukocytes and visceral fat
tissue [8]. Thus, it is likely that the effect of IL-6 may
vary depending on the concentration and site of action
and production.

Another inflammatory marker associated with both
atherosclerotic disease and MetS is C-reactive protein
(CRP) [13]. C-reactive protein is produced in the liver and
may be regulated by inflammatory cytokines, principally IL-
6 and TNF-α [14]. The common link between TNF-α, IL-6,
and CRP may be obesity [9]. C-reactive protein has been
known to bind to low-density lipoprotein cholesterol, and
many have reported an association between CRP levels and
coronary heart disease risk [15].

The aim of the present study was to evaluate the
association between CVD risk score, HOMA score, the
cytokines (CRP, IL-6, and TNF-α), fitness, and fatness in a
cohort of 9-year-old children. If TNF-α produced by ab-
dominal fat tissue causes insulin resistance, we would expect
increased levels of TNF-α in obese, insulin-resistant
children. Furthermore, if muscle activation elevates IL-6,
then highly fit children with low adiposity should have
increased levels of IL-6, but normal levels of TNF-α. We
further included CRP in our blood analysis as a general
marker of inflammation.
2. Methods

All children in third-grade classes (9-10 years of age)
from 2 suburbs of Copenhagen, Denmark, were invited to
participate in a 4-year, controlled intervention study of
physical activity and health: the Copenhagen School Child
Intervention Study. This report uses cross-sectional data
measured during the follow-up. Seven hundred six children
(69% of the total population) volunteered at baseline; and
among these, 613 participated at the follow-up. Complete
data for all CVD risk factors were available for 434 subjects,
and valid analyses of cytokines were available in 210
subjects (113 boys and 97 girls). We decided to analyze
plasma cytokines in the upper and lower quartile of a
composite CVD risk factor score because this provided
sufficient statistical power. The composite risk factor score
used to select the children for cytokine analysis was the sum
of z scores for the ratio of total cholesterol to high-density
lipoprotein cholesterol (HDL-C), triglyceride (TG), HOMA,
systolic blood pressure (BP), skinfold, and inverse of
VO2peak (in milliliters per kilogram per minute). Because
no significant differences between the 2 suburbs were
identified for boys or girls, children from the 2 suburbs were
analyzed together. Written informed consent was obtained
from the parents/guardian. The Ethical Committee of
Copenhagen approved the study.

The tests were performed from September 2004 until June
2005 at all 18 schools in the communities. The blood
samples were taken early in the morning in the office of the
health staff after at least 8 hours of fasting. The exercise test
was performed in a camper trailer. All other physiologic tests
were performed in a gym or a classroom. All tests were
performed before noon (8:00 AM to 12:00 PM).

2.1. Age and anthropometry

Age was computed from date of birth and date of
examination. Stature was measured by a Harpenden stadi-
ometer to the nearest 1 mm in bare stocking feet with the child
standing upright against the stadiometer. Body mass was
measured to the nearest 0.1 kg using an electronic scale (Seca
882, Brooklyn, NY) in the morning while the children were
still fasting. Body mass index (BMI) was calculated as
follows: mass • stature−2 (kilograms per square meter).
Biceps, triceps, and subscapular and suprailiac skinfolds were
measured on the nondominant side of the body in triplicate
with a Harpenden skinfold caliper by the same 2 experienced
researchers according to conventional criteria and measuring
procedures. The mean of the 3 values was used for



563L.B. Andersen et al. / Metabolism Clinical and Experimental 59 (2010) 561–566
subsequent analysis. The thickness of the sum of 4 skinfolds
was used as an indicator of body fatness.Waist circumference
(waist) was measured with a metal anthropometric tape
midway between the lower rib margin and the iliac crest at the
end of gentle expiration. Measurement was taken at right
angles to the axial line of the trunk.

2.2. Blood pressure

Blood pressure was measured with a Dinamap XL vital
signs BP monitor (Critikron, Tampa, FL) from the left arm 5
times in 10minutes, with the mean of the last 3 measurements
being recorded. Measurements were taken after the child had
been lying down for 10 minutes and then sitting in upright
position for 5 minutes with the cuff on.

2.3. Aerobic fitness measurements

Aerobic fitness (VO2peak) was measured during a conti-
nuous, progressive, graded treadmill run using an Innovision
(Odense, Denmark) AMIS 2001metabolic system. The test is
described in detail elsewhere [16]. The children were ins-
tructed to run until exhaustion, and verbal encouragement
was given. Standard objective criteria were used to determine
if the test was performed satisfactorily. The same 2 exper-
ienced researchers performed all tests.

2.4. Blood sample

Venous blood samples were taken in the morning at 8:00
to 9:30 AM from the antecubital vein after an overnight
fasting. The fast was verified. Glucose was measured
immediately after sampling (Hemocue, Vedbaek, Denmark).
The rest of the samples were centrifuged; the plasma was
aliquoted within 30minutes, kept at−20°C, and later stored at
−80°C. The stored samples were analyzed at the Copenhagen
Muscle Research Centre for concentrations of insulin, TG,
HDL-C, and total cholesterol (cholesterol). Insulin was
analyzed spectrophotometrically using an enzyme-linked
immunosorbent assay (ELISA) (DAKO Insulin, code no.
K6219, Glostrup, Denmark). Blood lipids were analyzed on a
Cobas Fara (Roche, Basel, Switzerland) using spectropho-
tometry (ABX Diagnostics, Montpellier, France). Cytokines
were analyzed with high-sensitivity immunoassays. For IL-6,
Quantikine High-Sensitivity ELISA with a detection limit of
0.5 pg·mL−1 (R&D, Minneapolis, MN) was used. For TNF-
α, Quantikine High-Sensitivity ELISA with a detection limit
of 0.1 pg·mL−1 (R&D) was used. C-reactive protein was
determined using particle-enhanced turbidimetric immuno-
assay: Tina-quant CRP (latex) high-sensitivity assay (Cobas,
Roche Diagnostics, Mannheim, Germany) with a detection
limit of 0.1 mg·L−1.

2.5. CVD risk factors used for clustering analysis

We constructed 2 composite CVD risk score variables by
summing z scores computed “by sex.” The first score
included the ratio of total cholesterol to HDL-C, TG,
HOMA, systolic BP, skinfold, and inverse of VO2peak (in
milliliters per kilogram per minute) and was only used to
select blood samples for cytokine analysis. These risk factors
were chosen because they are known to be major elements of
the MetS. Complete data in these risk factors were obtained
from 434 children. The second score only included 4 CVD
risk factors, omitting obesity and VO2max, and was used as
dependent variable in the analysis. The upper and lower
quartiles of the composite risk factor score were selected for
blood analysis of cytokines (n = 210). This approach ensured
that the analysis included some subjects who were fat, had
low fitness, and were insulin resistant. To avoid redundancy
in the selection, only 1 measure was selected for fatness,
insulin sensitivity, cholesterol fractions, and BP.

2.6. Data analysis

All analyses were performed using the Statistical Package
for the Social Sciences version 16 (SPSS, Chicago, IL). The
composite risk factor score used for the analysis included
systolic BP, TG, HOMA, and cholesterol to HDL ratio.
Homeostasis model assessment, TG, BMI, skinfolds, waist,
IL-6, and CRP were skewed and were log transformed before
z scores (adjusted for sex) were constructed. Pearson
correlation was used for bivariate associations between risk
score and fitness (VO2peak), fatness, and cytokines. General
linear models were used to compare groups andwere adjusted
for sex and age. Logistic regression was used to predictMetS,
defined as a z score of greater than 1 SD in the composite
CVD risk score.
3. Results

Subjects were divided into quartiles of sum of z scores
for 6 risk factors, and blood samples for the upper and
lower quartile were analyzed for cytokine levels (total
sample = 210). Data for upper and lower quartile of CVD
risk are presented in Table 1. Not surprisingly, the CVD
risk factors used to select children for cytokine analysis
were higher in the high-risk group. Although cholesterol
and glucose were part of the selection criteria, only small
differences were found between the 2 groups. C-reactive
protein was substantially higher in the high-risk group, but
TNF-α and IL-6 had small and inconsistent differences and
only in girls.

Bivariate associations adjusted for sex are shown in
Table 2. Tumor necrosis factor α and IL-6 were not
associated with any of the other variables. C-reactive protein
had negative association with fitness (VO2peak) and consis-
tent positive relationships with both fatness variables,
HOMA, and CVD risk score (sum of z scores of systolic
BP, LnTG, total cholesterol to HDL ratio, and LnHOMA).
C-reactive protein correlated weakly with IL-6 (r = 0.15, P =
.02), but not with TNF-α. Fatness variables and fitness were
associated with the CVD risk score. The associations between
CVD risk score and fitness and fatness were stronger than that
between CVD risk score and CRP.



Table 1
Mean and SD for key variables in the high- and low-risk groups (upper and lower quartiles of composite risk score) for boys and girls

Boys (n = 113) Girls (n = 97) P value low
vs high

P value
sex

Low risk High risk Low risk High risk

Mean SD Mean SD Mean SD Mean SD

Age (y) 9.39 1.44 9.38 1.66 9.46 0.35 9.42 1.09 NS NS
Stature (cm) 138.8 5.5 143.8 6.4 136.1 5.4 140.9 6.4 ‡ ‡

Body mass (kg) 30.2 3.5 41.7 8.0 27.9 2.9 37.7 6.5 ‡ ‡

BMI (kg m−2) 15.63 1.12 20.08 2.98 15.06 1.32 18.92 2.51 ‡ †

Waist (cm) 58.3 3.2 70.7 8.5 56.1 2.9 66.5 7.6 ‡ ‡

Skinfold (mm) 5.43 1.23 11.70 5.42 5.91 1.36 11.84 4.78 ‡ †

VO2peak (mL min−1 kg−1)a 56.4 5.3 45.9 5.8 51.5 4.8 43.6 6.5 ‡ ‡

Glucose (mmol L−1)b 4.84 0.51 4.81 0.47 4.65 0.45 4.89 0.58 Girls⁎ NS
Insulin (mU L−1) 3.75 1.50 9.00 6.21 4.00 1.54 8.85 4.28 ‡ NS
HOMA .81 .35 1.90 1.28 .82 .32 1.97 1.20 ‡ NS
Total cholesterol (mmol L−1) 3.78 0.51 3.99 0.59 3.92 0.64 4.14 0.62 ⁎ ⁎

HDL-C (mmol L−1) 1.76 0.32 1.40 0.30 1.76 0.43 1.37 0.34 ‡ NS
TG (mmol L−1) 0.37 0.11 0.75 0.37 0.42 0.14 0.77 0.29 ‡ NS
Diastolic BP (mm Hg) 61 6 67 7 58 7 65 6 ‡ †

Systolic BP (mm Hg) 101 7 112 11 95 6 108 9 ‡ ‡

CRP (mg L−1) 0.43 0.69 0.77 0.74 0.37 0.25 1.28 1.82 ‡ NS
TNF (pg mL−1)b 15.48 10.33 12.05 11.15 8.82 9.08 12.47 9.33 Girls. P = .06 NS
IL-6 (pg mL−1)b 1.3 1.4 1.0 1.7 1.0 1.1 1.8 2.1 Girls⁎ NS

Interaction and difference between groups were tested with general linear model analysis. NS indicates not significant.
a Interaction (sex by risk group).
b Interaction between sex and risk group; difference only for girls.
⁎ P b .05.
† P b .01.
‡ P b .001.

564 L.B. Andersen et al. / Metabolism Clinical and Experimental 59 (2010) 561–566
Logistic regression was used to analyze the association
between CVD risk score (dichotomized at +1 SD) and
fitness, fatness, and cytokine variables (Table 3). However,
no children in the lowest quartile of waist (reference group)
had MetS; and for BMI and skinfold, there was only 1 child
with MetS. Thus, we omitted the logistic regression for
fitness and fatness variables and replaced it with a cross-
tabulation table. In the reference group (highest quartile) of
fitness, there were 2 children with MetS (Table 3). Tumor
necrosis factor α and IL-6 showed no association with CVD
risk score, but the upper quartile of CRP had an 11 times
increased risk for high CVD risk score compared with the
lowest quartile.
Table 2
Pearson correlations between CVD risk z score (BPsys + lnTG + cholesterol to HDL

LnSkinfold LnWaist LnBMI Fitness

LnSkinfold 1.00
LnWaist 0.88† 1.00
LnBMI 0.90† 0.90† 1.00
Fitness −0.75† −0.67† −0.69† 1.00
TNF-α −0.02 0.00 −0.01 0.09
IL-6 0.06 0.04 0.05 −0.04
CRP 0.52† 0.47† 0.51† −0.49†

LnHOMA 0.61† 0.59† 0.63† −0.49†

Lnz score 0.66† 0.68† 0.68† −0.55†

All associations are adjusted for sex.
⁎ P b .01.
† P b .001.
Because IL-6 is produced in the muscle and has been
hypothesized to block the production of TNF-α, we also
analyzed IL-6/TNF-α ratio; but this did not improve
associations (results not shown).
4. Discussion

The present study included 2 groups of third-grade
children (∼9 years old) selected according to their CVD risk
factor profile. The sample included children with a wide
range of characteristics, some who were obese, had clustered
CVD risk, or low fitness, but not necessarily all traits in the
ratio + lnHOMA), cytokines, HOMA, fatness, and fitness (VO2peak) variables

TNF-α IL-6 CRP LnHOMA Lnz score

1.00
−0.02 1.00
−0.08 0.15⁎ 1.00
0.02 0.01 0.35† 1.00
0.00 0.06 0.34† 0.66† 1.00



Table 3
Odds ratios for having +1 SD in sum of CVD risk z score (BPsys + lnTG + cholesterol to HDL ratio + lnHOMA) between quartiles of TNF-α, IL-6, and CRP

Total (n = 207) TNF-α IL-6 CRP Fitness BMI Waist Skinfold

CVD risk score OR (95% CI) OR (95% CI) OR (95% CI) Cases Cases Cases Cases

1st QT 1 1 1 20 1 0 1
2nd QT 0.9 (0.3-2.7) 1.1 (0.4-3.3) 2.2 (0.4-12.4) 6 2 3 1
3rd QT 0.8 (0.3-2.7) 1.3 (0.5-3.6) 5.8 (1.2-27.9) 4 5 5 6
4th QT 1.1 (0.4-3.2) 0.6 (0.2-1.9) 11.3 (2.5-52.4) 2⁎ 24 24 24

Reference groups were lowest groups. All variables were computed “by sex.” Analyses for fitness and fatness variables are presented as number of cases in each
quartile because the sample was inadequate to perform logistic regression. OR indicates odds ratio; CI, confidence interval; QT, quartile.

⁎ For fitness, highest group was reference group.
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same child. All fatness variables (independent of cytokines)
and low physical fitness (VO2peak) predicted clustering of
the CVD risk factors and HOMA. Tumor necrosis factor α
and IL-6, however, were not related to clustered risk or
HOMA. This suggests that, in children, the influence of
fatness and low fitness levels on MetS and insulin resistance
precedes any effect of cytokines.

We found no association between any of the risk factors
and TNF-α and IL-6; but CRP was related to all CVD risk
factors, fitness, and fatness. It is important for prevention to
understand how clustering of CVD risk factors develops in
children; and in these apparently healthy children, TNF-α
and IL-6 appears to have no major role in the early
development. In theory, if TNF-α causes insulin resistance,
then increased levels of TNF-α should be present in obese,
insulin-resistant children. Simultaneously, if muscle activa-
tion elevates IL-6, then highly fit children (high VO2peak)
with low adiposity should have increased levels of IL-6, but
normal levels of TNF-α. Our results would not support these
assertions for children.

C-reactive protein has been found to be consistently
associated with atherosclerosis [15]. Intriguingly, athero-
sclerosis could cause increased CRP level through release of
cytokines; but in these young children, where atherosclerosis
has not progressed, it is more likely that elevated CRP
concentrations precede any impairment of endothelial
function and promote intima media thickening [14].
Although our results would support the fact that CRP
elevates before the cytokines, we cannot verify this
relationship because we do not have any direct measures
of atherosclerosis.

Interleukin-6 levels were found to correlate with CRP,
which is consistent with the fact that IL-6 is a major inducer
of CRP production. Despite this, only CRP showed
consistent associations with clustering of risk, whereas IL-
6 and TNF-α appeared unrelated to these parameters. Our
findings may be influenced by the fact that both IL-6 and in
particular TNF-α are very sensitive markers, with short half-
lives and present only at very low concentrations in healthy
children. Moreover, biologically significant alterations in the
levels of both cytokines in the microenvironment cannot be
fully excluded based on measurements in peripheral blood.
However, these data do not support the notion that TNF-α
and IL-6 play a primary role in the induction of the processes
that lead to clustering of risk factors and insulin resistance;
nor do the data support that IL-6 produced by muscle tissue
has paracrine effects on TNF-α production.

Elevated levels of TNF-α, IL-6, and CRP have been
found in obese adults and adolescents who had decreased
insulin sensitivity [8,9,17-20]. Rubin et al [19] showed in a
cross-sectional study that TNF-α, but not IL-6, associated
with insulin resistance. When regression models included
weight status, the significance of TNF-α to insulin resistance
disappeared. This does not mean that TNF-α could not be
one of the causes of insulin resistance; it just suggests that
TNF-α and BMI are covariates. In our young children, we
found associations between insulin resistance and obesity,
very low levels of TNF-α, and no association between TNF-
α and either of the two. The source of some of the TNF-α is
the adipose tissue [7]; and because the variations in TNF-α
were low, but the variations in adiposity were large, the
associations between CVD risk score and adiposity probably
eclipsed the associations with TNF-α. Thus, we found no
support for TNF-α as causal factor for insulin resistance in
our children. The subjects of the study of Rubin et al were
adolescents, which may have given more time for associa-
tions to develop. It may be that leptin and adiponectin, both
secreted by the fat cell, are the causes and the cytokines are
modifiers [21]. Changes in these 2 adipokines may precede
the changes in the cytokines. We know leptin is already
elevated in obese children and is associated with insulin
resistance [22], and adiponectin is suppressed [19].

Previously, we observed clustering of CVD risk factors
in children this age [2,3]; and similar results were found in
this cohort (analysis not reported). Therefore, the clustering
of risk factors appears to occur before high levels of
inflammatory markers are present. The clustering of CVD
risk factors could have multiple causes, independent of
inflammation. The increase in these cytokines may be
secondary to CVD clustering. Further studies should
attempt to characterize the role of anti-inflammatory
mediators, including soluble TNF-α receptors and interleu-
kin-1 receptor antagonist, at this early stage of the
pathogenesis because these influence the inflammatory
activity. Moreover, the potential impact of immune
response gene polymorphisms should be evaluated because
these may influence not only the rate of cytokine release,
but also receptor sensitivity.
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The strength of the present study is the availability of a
number of fatness parameters; direct measurement of
VO2peak; the traditional CVD risk factors; and TNF-α, IL-
6, and CRP in a young cohort, where insulin resistance,
obesity, and atherosclerosis have not progressed. This may
allow a further dissection to determine the rank order in
which the different stages of the MetS develop. A weakness
of the study is the cross-sectional nature; but the study will
be continued, where we hopefully can measure whether
cytokine levels increase over time in the subjects who were
insulin resistant or had clustered risk, but where cytokine
levels were low at the age of 9 years.

In conclusion, the data of the present study do not support
the notion that TNF-α release is associated with low insulin
sensitivity or clustering of CVD risk factors in this young
cohort. There were signs of inflammation on fat and low-fit
individuals based on the association with CRP levels. The
results suggest that the associations of fitness and fatness
variables with HOMA and clustered risk may be caused by
other mechanisms related to these exposures. The role of IL-
6 was unclear in the present cohort.
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