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Abstract

To confirm the existence of obesity-induced inflammation and to clarify the association between such inflammation and other
cardiovascular risk factors, we investigated the relationships between high-sensitive C-reactive protein (hsCRP), tumor necrosis factor o
(TNF-u), obesity, blood pressure, lipids, and insulin resistance in a long-term follow-up of obese children. We compared the serum
concentrations of hsCRP, TNF-o, high-density lipoprotein cholesterol, and triglycerides as well as blood pressure and the insulin resistance
index (homeostasis model assessment [HOMA]) of 14 nonobese and 31 obese children. Furthermore, we studied the changes in these
parameters in 16 obese children who lost weight and in 15 obese children without weight change over a 1-year period. In the obese
children, blood pressure (P = .003), HOMA (P = .034), and triglyceride (P = .011), TNF-o. (P = .015), and hsCRP (P < .001) levels
were significantly higher, whereas high-density lipoprotein cholesterol concentrations were significantly (P = .015) lower compared with
the nonobese children. Weight loss was associated with a significant decrease in hsCRP (P = .008) and triglyceride (P = .048) levels,
HOMA (P < .001), and blood pressure (P = .019), whereas there were no significant changes in the children with stable weight status.
The changes in hsCRP and TNF-« levels over the 1-year period were not significantly correlated to the changes in lipids, blood pressure,
and HOMA. Obese children demonstrated significantly higher levels of hsCRP and TNF-o compared with nonobese children. The chronic
inflammation markers TNF-o and hsCRP were independent of lipids, blood pressure, and insulin resistance index. Weight loss was
associated with the significant decrease of hsCRP and triglyceride levels, and blood pressure.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction both healthy subjects and patients with coronary disease in
prospective studies [10-13].

Studies in adults have reported independent associations
of serum hsCRP and TNF-o concentrations with the body
mass index (BMI) [9-11,14]. It has been proven that, in
adulthood, weight loss leads to a decrease of serum hsCRP
concentrations and event risks [13-18], whereas studies
concerning serum TNF-o concentrations in weight loss are
controversial. Some studies reported decreasing TNF-a
concentrations [19-23], whereas others described stable
TNF-o concentrations in weight loss [17,24,25].

However, there are very few reports concerning hsCRP
and TNF-a concentrations in obese children and their
relationship to the BMI and cardiovascular risk factors
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Cardiovascular morbidity and mortality of obesity is
associated with cardiovascular risk factors such as dyslipi-
demia (hypertriglyceridemia and low high-density lipopro-
tein cholesterol [HDL-C]), hypertension, and impaired
glucose metabolism (metabolic syndrome), leading to
atherosclerosis [1,2]. These clinical features already occur
in childhood obesity [3-5]. Recently, further markers of
atherosclerosis have been found, such as the inflammation
factors high-sensitive C-reactive protein (CRP) (hsCRP) and
tumor necrosis factor o (TNF-o) [6-9]. High-sensitive CRP
has been shown to be a predictor of cardiovascular events in
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individual differences in the early onset and progression
through childhood of possible initiating risk factors are
important. The advantage of examining the inflammatory
markers in children is that there is no potential confusion
with coronary disease or active tobacco smoking [10,29].

Long-term studies are required to determine whether in
some individuals, associations between inflammatory
markers and obesity reflect long-term deviation of the
risk factors or whether in other individuals, they reflect
short-term fluctuation. There are no long-term studies in
obese children concerning the relationships between serum
hsCRP and TNF-«, insulin resistance, cardiovascular risk
factors, and change in weight status. To confirm the
existence of obesity-induced inflammation and to clarify
the association between such inflammation and other
cardiovascular risk factors, we investigated the relation-
ship between hsCRP, TNF-«, obesity, blood pressure,
lipids, and insulin resistance in a long-term follow-up of
obese children.

2. Methods

We studied 14 nonobese healthy and 16 obese children
who lost a substantial amount of their overweight, as well as
15 obese children without weight change over a 1-year period
(see Table 1). None of the subjects had diabetes mellitus,
endocrinologic disorders, hereditary diseases, or systemic
inflammatory diseases. All were nonsmokers without any
regular medication. Subjects with intercurrent infections
and/or febrile subjects were rescheduled and examined at a
time when they were not ill to control for artificially elevated
hsCRP levels. No child underwent changes in his/her
pubertal stage during the 1-year study period.

Height was measured to the nearest centimeter using a
rigid stadiometer. Weight was measured undressed to the

Table 1

Age, weight status (BMI, SDS-BMI), pubertal stage, insulin resistance
(HOMA), blood pressure, and serum insulin, glucose, lipids, hsCRP, and
TNF-a concentrations in obese and nonobese children

Obese children Nonobese children P

No. 31 14

Age (y) 11 (9-13) 11 (10-13) 179
Weight (kg) 62.3 (47.6-73.2) 44.5 (38.7-55.6) .026
BMI (kg/m?) 26.4 (24.5-28.7) 20.4 (18.3-23.2) <.001
SDS-BMI 2.21 (2.09-2.75) 0.81 (0.48-1.16) <.001
Sex 52% males 50% males 922
Pubertal stage 57% prepubertal ~ 61% prepubertal 558
Insulin (mU/L) 17 (11-22) 9 (6-11) <.001
Glucose (mg/dL) 89 (83-92) 82 (78-87) .026
HOMA 3.7 (2.4-4.7) 2.7 (1.8-3.2) .034
HDL-C (mg/dL) 46 (40-53) 55 (41-70) .015
Triglyceride (mg/dL) 98 (61-148) 71 (62-78) 011
SBP (mm Hg) 115 (110-122) 99 (96-109) <.001
DBP (mm Hg) 58 (52-71) 51 (47-59) .003
TNF-a (pg/mL) 7.8 (6.2-9.8) 6.9 (5.1-7.8) 015
hsCRP (mg/L) 2.00 (0.50-3.06) 0.27 (0.00-0.42) <.001

Data are presented as median and interquartile range or percentage.

nearest 0.1 kg using a calibrated balance scale. Body mass
index was calculated as the weight in kilograms divided by
the square of height in meters. Obesity was defined
according to the BMI 97th percentile reaching BMI values
of 30 kg/m? at 18 years of age using population-specific
data [30]. Because BMI is not normally distributed, we use
the LMS method for calculating BMI SD score (SDS-BMI)
[30,31]. The M and S curves correspond to the median and
coefficient of variation BMI for German children at each
age and sex, whereas the L curve allows for the substantial
age-dependent variation in the distribution of the BMI. The
assumption behind the LMS method is that, after Box-Cox
power transformation, the data at each age are normally
distributed [31].

Substantial weight loss was defined by a decrease in
SDS-BMI of 0.5 or more because in previous studies, we
demonstrated the improvement of insulin sensitivity and
cardiovascular risk factors in German obese children only
if the SDS-BMI decreased by at least 0.5 over a 1-year
period [32,33]. Children without weight change were
defined by a change in SDS-BMI of less than 0.05 over
the 1-year period.

The pubertal developmental stage was determined
according to Marshall and Tanner and categorized into 2
groups (prepubertal: boys with pubic hair and gonadal stage
I, and girls with pubic hair stage and breast stage I; and
pubertal: boys with pubic hair and/or gonadal stage >1I,
and girls with pubic hair stage and/or breast stage >1I).

The following variables were measured in serum during
fasting state in all children: insulin, glucose, hsCRP, TNF-
o, triglyceride, and HDL-C concentrations. The children
and their parents had been carefully instructed to fast over a
period of at least 14 hours. High-density lipoprotein
cholesterol concentrations were measured by an enzymatic
test (HDL-C-Plus; Roche Diagnostics, Mannheim, Ger-
many), and triglyceride concentrations, by a colorimetric
assay using a Vitros analyzer (Ortho Clinical Diagnostics,
Neckargemuend, Germany). Insulin concentrations were
measured by microparticle-enhanced immunometric assay
(MEIA, Abbott, Wiesbaden, Germany). Glucose levels
were determined by colorimetric test using a Vitros
analyzer (Ortho Clinical Diagnostics). Intra-assay and
interassay coefficients of variation were <5% in all
methods. Homeostasis model assessment (HOMA) [34]
was used to detect the degree of insulin sensitivity in
glucose metabolism. The sensitivity can be assessed from
the fasting glucose and insulin concentrations by the
formula: HOMA = (insulin [mU/L] X glucose [mmol/L]) /
22.5. High-sensitive CRP concentrations were measured
by means of a particle-enhanced immunonephelometric
assay using a BN II analyzer (Dade Behring, Marburg,
Germany). The sensitivity of this assay was 0.18 mg/L. The
interassay and intra-assay coefficients of variation were
3.8% (mean, 1.1 mg/L; n = 20) and 3.9% (mean, 1.3 mg/L;
n = 20), respectively. Tumor necrosis factor o concen-
trations were determined by an immunometric assay using
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an Immulite analyzer (DPC Biermann, Bad Nauheim,
Germany). The sensitivity of this assay was 1.7 pg/mL.
The intra-assay and interassay coefficients of variation were
3.5% (mean, 34 pg/mL; n = 20) and 5.8% (mean, 33 pg/mL;
n = 20), respectively.

The blood pressure was measured using a validated
protocol [35]. Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured at the arm twice after
a 10-minute rest in the supine position using a calibrated
sphygmomanometer and averaged thereafter. The cuff size,
which was based on the length and circumference of the
arm, was chosen to be as large as possible without having
the elbow skin crease obstruct the stethoscope [35]. The
intraoperator variability was less than 5% for SBP and DBP
based on the double measurement. The intraoperator
variability was less than 5% for SBP and DBP, which was
calculated in 10% of the measurements. Hypertension was
defined by blood pressure above the 95th percentile for age,
sex, and height [35].

In the 31 obese children, all variables were measured
at baseline and 1 year later after they had participated in a
l-year outpatient intervention program Obeldicks. This
program includes physical exercise, nutrition education
(high-carbohydrate, fat-reduced diet), and behavioral
therapy with individual psychological care of the child
and his/her family [36,37]. An interdisciplinary team of
pediatricians, diet assistants, psychologists, and exercise
physiologists are responsible for the training.

Statistical analysis was performed using Winstat for
Excel. All continuous variables were tested for normal
distribution by Kolmogorov-Smirnov test. P < .05 was
considered statistically significant. Values are expressed as
median and interquartile range. Statistically significant
differences were tested for qualitative items by > test and
for normally distributed quantitative items by the Student ¢
test for paired observations as well as that for unpaired
observations. Not normally distributed variables were tested
by Wilcoxon test for paired observations and by Mann-
Whitney U test for unpaired observations. High-sensitive
CRP and tumor necrosis factor oo were correlated to weight
status (SDS-BMI), insulin resistance index (HOMA), blood
pressure, and triglyceride and HDL-C levels in the obese and
the nonobese children by Pearson correlation at baseline.
Changes in hsCRP and TNF-« over the 1-year period in the
obese children were correlated to changes in insulin
resistance index (HOMA), blood pressure, triglyceride,
and HDL-C by Pearson correlation. The study was
approved by the local ethics committee of the University
of Witten/Herdecke. Informed consent was obtained from
all subjects and their parents.

3. Results

Insulin resistance index (HOMA), blood pressure, and
glucose, insulin, lipid, TNF-¢;, and hsCRP concentrations of
the obese and nonobese children are shown in Table 1. The

obese children did not differ significantly from the nonobese
children in age, sex, and pubertal status. The obese children
presented significantly higher blood pressure, insulin
resistance index (HOMA), and insulin, glucose, triglyceride,
TNF-o, and hsCRP concentrations, whereas their HDL-C
concentrations were significantly lower compared with
nonobese children (see Table 1).

The 16 obese children who had achieved a substantial
weight loss decreased their SDS-BMI on average by 0.66
(interquartile range, 0.54-0.79). The 15 obese children with
stable weight status changed their SDS-BMI on average by
0.01 (interquartile range, —0.01 to 0.06).

The weight loss in the 16 obese children led to a
significant decrease in HOMA, SBP, DBP, and hsCRP,
triglyceride, and insulin concentrations, whereas there were
no significant changes in TNF-« and glucose concentrations
(see Table 2). High-density lipoprotein cholesterol concen-
trations tended to increase in this group of children.

In the 15 obese children with stable weight status, no
significant changes occurred in hsCRP, TNF-o, HDL-C, and
triglyceride concentrations, or in SBP and DBP (see Table 3).

The changes in hsCRP over the 1-year period in the
obese children were not significantly correlated to the
changes in TNF-a (r = —0.04, P = .420), HDL-C (r =
0.12, P = .268), triglyceride (» = 0.08, P = .327), and
insulin levels (r = 0.12, P = .265); HOMA (r = 0.11, P =
.272); SBP (r = —0.20, P = .146); and DBP (r = —0.23,
P = .109). The changes in TNF-« levels over the 1-year
period were not significantly correlated to the changes in
HDL-C (r = 0.02, P = .464), triglycerides (»r = —0.07, P =
.342), and insulin levels (» = 0.06, P = .381); HOMA (r =
0.07, P = .361); SBP (r = —0.060, P = .358); and DBP
(r =0.11, P = .286).

At baseline, hsCRP did not significantly correlate to age
(r = —0.14, P = .170), SBP (» = 0.08, P = .309), DBP (r =
0.026, P = .434), triglyceride (» = 0.12, P = .206), insulin
(r = 0.08, P = .307), insulin resistance index (HOMA)

Table 2

Changes in weight status (BMI, SDS-BMI), blood pressure, insulin
resistance (HOMA), and serum insulin, glucose, lipids, hsCRP, and TNF-o
concentrations over a 1-year period in 16 obese children with substantial
weight loss (decrease in SDS-BMI of >0.5)

At baseline 1y later P
Weight (kg) 50.0 (42.1-64.7) 47.4 (38.6-60.7) .032
BMI (kg/m?) 25.1 (23.3-27.1) 23.0 (21.8-23.6) <.001
SDS-BMI 2.5 (2.1-2.8) 1.8 (1.5-2.1) <.001
HDL-C (mg/dL) 46 (41-53) 53 (48-60) .091
Triglyceride (mg/dL) 88 (60-128) 73 (51-91) .048
SBP (mm Hg) 112 (102-120) 100 (98-107) .004
DBP (mm Hg) 59 (53-74) 51 (47-58) .019
Glucose (mg/dL) 88 (82-94) 85 (82-88) 116
Insulin (mU/L) 13 (7-17) 6 (4-11) <.001
Insulin resistance 2.9 (1.5-2.9) 1.3 (0.7-2.4) <.001
index (HOMA)
hsCRP (mg/L) 2.3 (0.3-3.1) 0.8 (0.4-1.4) .008
TNF-a (pg/mL) 8.3 (6.3-9.8) 8.2 (6.7-9.1) .546

Data are presented as median and interquartile range.



1158 T. Reinehr et al. / Metabolism Clinical and Experimental 54 (2005) 1155—1161

Table 3

Changes in weight status (BMI, SDS-BMI), blood pressure, insulin
resistance (HOMA), and serum insulin, glucose, lipids, hsCRP, and TNF-u
concentrations over a l-year period in 15 obese children with stable
weight status

At baseline 1y later P
Weight (kg) 71.2 (66.1-76.4) 78.5 (71.6-84.5) <.001
BMI (kg/m?) 27.6 (26.2-29.0) 28.1 (26.4-31.2) <.001
SDS-BMI 2.2 (2.1-2.5) 2.2 (2.1-2.5) .604
HDL-C (mg/dL) 47 (37-54) 42 (38-52) 154
Triglyceride (mg/dL) 125 (76-153) 110 (85-151) 497
SBP (mm Hg) 121 (111-125) 121 (111-122) 440
DBP (mm Hg) 58 (51-66) 62 (60-81) 191
Glucose (mg/dL) 89 (87-91) 88 (83-90) 232
Insulin (mU/L) 22 (17-25) 19 (15-25) 384
Insulin resistance 4.7 (3.7-5.4) 3.9 (3.1-5.8) 339
index (HOMA)
hsCRP (mg/L) 1.3 (0.9-3.3) 0.6 (0.4-4.7) 591
TNF-o (pg/mL) 6.8 (5.3-8.9) 6.8 (5.4-8.9) .593

Data are presented as median and interquartile range.

(r = 0.01, P = .471), and TNF-o (» = 0.20, P = .098),
whereas hsCRP significantly correlated to SDS-BMI (r =
0.28, P = .029) and HDL-C (r = —0.35, P = .010). Tumor
necrosis factor o significantly correlated to age (r = —0.35,
P = .010) and SDS-BMI (» = 0.32, P = .017), whereas
TNF-a did not significantly correlate to SBP (» = —0.17,
P = .150) and DBP ( = —0.13, P = .216), HDL-C (r =
—0.20, P = .100), triglyceride (» = 0.23, P = .066), insulin
(r = 0.08, P =.295), and insulin resistance index (HOMA)
(r = —0.03, P = .491).

The hsCRP levels did not significantly differ (P = .108)
between the 22 prepubertal (median hsCRP, 1.1 mg/L;
interquartile range, 0.3-3.0 mg/L) and the 23 pubertal
children (median hsCRP, 0.5 mg/L; interquartile range,
0-2.1 mg/L), whereas TNF-a concentrations were signifi-
cantly (P = .038) higher in prepubertal children (median
TNF-a, 7.8 pg/mL; interquartile range, 6.4-10.0 pg/mL)
compared with the pubertal children (median TNF-o,
6.8 pg/mL; interquartile range, 5.3-8 pg/mL).

The hsCRP levels did not significantly differ (P = .724)
between the 21 boys (median hsCRP, 0.9 mg/L; interquartile
range, 0.3-2.3 mg/L) and the 24 girls (median hsCRP,
0.6 mg/L; interquartile range, 0-3.2 mg/L). The TNF-«
levels did not differ significantly (P = .946) between the
21 boys (median TNF-«, 7.7 pg/mL; interquartile range,
6.2-8.7 mg/L) and the 24 girls (median TNF-«, 6.9 pg/mL;
interquartile range, 5.2-8.8 mg/L).

4. Discussion

The present study is the first to not only analyze the
cross-sectional relationships between hsCRP, TNF-o, car-
diovascular risk factors, insulin resistance, and degree of
overweight in children, but also the long-term changes in
these parameters. Obese children demonstrated significantly
higher serum concentrations of hsCRP, TNF-a, triglyceride
and insulin; insulin resistance index (HOMA); and blood

pressure compared with nonobese children of the same age,
sex, and pubertal status. Weight loss in the obese children
was associated with a significant decrease of these
parameters except for TNF-o.

The positive correlations between hsCRP and weight
status (SDS-BMI) are in agreement with other studies in
children and adolescents [6,27,29,38-41]. This could be
explained by the fact that the main regulator of the syntheses
of CRP in the liver is the adipocyte-derived proinflamma-
tory cytokine interleukin 6 (IL-6) [9,42-44].

High-sensitive CRP levels decreased significantly in the
group of obese children with weight loss as reported in
studies in adults [15,45]. A tendency without significance of
decreasing hsCRP could also be measured in the obese
children with stable weight in our study. This could be
explained by these obese children participating in an
intervention program that included physical exercise.
Physical fitness and activity have been reported to have a
minor independent effect on CRP levels [29,38].

Weight loss was associated with an improvement of
cardiovascular risk factors (hypertension, dyslipidemia, and
insulin resistance index) in agreement with other studies in
childhood [32,33]. Some cross-sectional studies reported a
relationship between hsCRP and the other cardiovascular
risk factors [16,46,47]. In contrast, hsCRP did not correlate
to blood pressure, lipids, and insulin resistance index
(HOMA) in cross-sectional analyses in our study, and
consistently and most importantly, changes in hsCRP did
not correlate to changes in blood pressure, lipids, and
insulin resistance index. A narrow range of variation in the
changes observed in CRP and metabolic variables may
explain the lack of significant correlation between these
variables in our relatively small sample size with moderate
weight loss. On the other hand, a previous longitudinal
study in obese adults also reported that changes in CRP
were not related to insulin resistance [18]. The correlations
between CRP and most cardiovascular risk factors in cross-
sectional analyses could be largely explained by the
confounding effect of obesity, which is independently
associated with all cardiovascular risk factors [29]. These
data suggest that hsCRP may be independent of the other
cardiovascular risk factors [29,40].

Chronic inflammation plays a role in the progression and
initiation of atherothrombotic disease [48]. C-reactive
protein stimulates the uptake of low-density lipoprotein by
macrophages, induces complement activation, enhances
infiltrations of monocytes, and stimulates tissue factor
production, thus enhancing the risk for thrombosis and the
generation of atherosclerosis lesions [13,49-51]. Accord-
ingly, hsCRP values in the blood are a good indicator for the
likelihood of acute coronary and cerebral events [7,13,52].
Intima-media thickness in obese children was associated
with serum hsCRP levels [41,53].

Tumor necrosis factor o correlated significantly to weight
status (SDS-BMI) in agreement with a previous study in
adolescence [26]. This could be explained by the fact that
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TNF-a is secreted by adipose tissue [25,26,42,43]. Tumor
necrosis factor o levels did not decrease in obese children
who lost weight, which is in agreement with 3 studies in
adults [17,24,25] and in contrast to 5 studies in adults
demonstrating decreasing TNF-o levels in weight loss
[19-23]. The small sample sizes and the relatively small
difference in TNF-o levels between obese and nonobese
children may explain the lack of a significant decrease in
TNF-o levels in the obese children who lost weight in our
study. A too low degree of weight loss seems unlikely
because all other cardiovascular risk factors, including
hsCRP, improved in the obese children with weight loss.
Probably, other factors that influence TNF-a levels such as
age, pubertal status, and fat distribution might present
relevant aberrations. For instance, TNF-« is only secreted in
omental but not in subcutaneous fat [42].

Some cross-sectional studies demonstrate relationships
between TNF-« and insulin resistance, blood pressure, and
HDL-C [18.,21,26,42,47]. In contrast, TNF-a did not
correlate to blood pressure, lipids, and insulin resistance
index (HOMA) in our cross-sectional analyses, and consis-
tently and most importantly, changes in TNF-o did not
correlate to changes in blood pressure, lipids, and the insulin
resistance index (HOMA). A narrow range of variation in
the changes observed in TNF-« and metabolic variables
may explain the lack of significant correlation between these
variables in our relatively small sample size with moderate
weight loss. A previous study investigating the relationship
between TNF-o and insulin resistance in childhood also
found no correlation between TNF-o and insulin resistance
[54]. Therefore, TNF-u is probably independent of the other
cardiovascular risk factors.

The association of CRP and TNF-o with the indices of
obesity and atherosclerosis may reflect the role of cytokines
in mediating the metabolic effects of obesity. The adipose
tissue—derived IL-6, the main regulator of the syntheses of
CRP in the liver [9,42 -44], presents such a mediator and is a
further marker of chronic inflammation [25,42,55]. Tumor
necrosis factor o is itself a potent inducer of IL-6 production
[56]. Thus, measurement of IL-6 in obese children losing
weight as an alternative marker of chronic inflammation
seems interesting.

Our study presents some potential limitations. First, some
studies reported on a relationship between age and CRP
levels [29,38,40], probably influencing the CRP levels over
the 1-year period. However, this relationship was reported to
be only very weak, whereas other studies demonstrated no
relationship between age and CRP levels, which is in
agreement with our findings [6,57]. Second, seasonal
variations in CRP have been clearly demonstrated and
attributed to seasonal variations in minor respiratory tract
infections [57]. Because we measured CRP over a 1-year
period, a seasonal variation appears unlikely. Third, low-
grade infections may have influenced the CRP Ilevels.
Children generally were not examined when acutely ill or
febrile. Furthermore, CRP is rarely elevated in uncompli-

cated upper respiratory tract infections. It has been
demonstrated that low-grade inflammation does not result
from asymptomatic infection in obesity [58]. Fourth, the
HOMA model is only an assessment of insulin resistance.
Clamp studies are the gold standard to analyze insulin
resistance. Because the HOMA model correlated to clamp
studies, it is a good method to examine insulin resistance in
field studies [59]. Finally, BMI percentiles were used to
classify overweight. Although BMI is a good measure for
overweight, one needs to be aware of its limitations as an
indirect measure of fat mass.

In summary, obese children demonstrated significantly
higher serum concentrations of hsCRP and TNF-o com-
pared with nonobese children. The chronic inflammation
markers TNF-o and hsCRP were independent of lipids,
blood pressure, and insulin resistance both in cross-sectional
and longitudinal analyses. Weight loss was associated with a
significant decrease of hsCRP, triglyceride levels, and blood
pressure. Long-term studies are required to examine whether
this improvement of cardiovascular risk factors will
eventually lead to a significant clinical benefit in regard to
cardiovascular morbidity and mortality.

Acknowledgment

We thank Ms Martina Schmidt for the excellent technical
assistance in performing the hsCRP and TNF-o assays.

References

[1] Bonora E, Kiechl S, Willeit J, et al. Prevalence of insulin resistance in
metabolic disorders: the Bruneck study. Diabetes 1998;47:1643-9.

[2] Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity and
mortality associated with the metabolic syndrome. Diabetes Care
2001;24:683-9.

[3] Weiss R, Dziura J, Burgert TS, et al. Obesity and the metabolic
syndrome in children and adolescents. N Engl J Med 2004;350:
2362-74.

[4] Csabi G, Torok K, Jeges S, et al. Presence of metabolic cardiovascular
syndrome in obese children. Eur J Pediatr 2000;159:91 -4.

[5] Reinehr T, Andler W, Denzer C, Siegfried W, Mayer H, Wabitsch M.
Cardiovascular risk factors in overweight European children
and adolescents: relation to gender, age and degree of overweight.
Nutr Metab Cardiovasc Dis 2005 [in press].

[6] Hiura M, Kikuchi T, Nagasaki K, Uchiyama M. Elevation of serum
C-reactive protein levels is associated with obesity in boys. Hypertens
Res 2003;26:541 -6.

[7] Ridker PM. High-sensitive C-reactive protein: potential adjunct for
global risk assessment in the primary prevention of cardiovascular
disease. Circulation 2001;103:1813-8.

[8] Denish J, Collins R, Appleby P, et al. Association of fibrinogen,
C-reactive protein, albumin, or leukocyte count with coronary heart
disease. JAMA 1998;279:1477-82.

[9]1 Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive protein

in healthy subjects: associations with obesity, insulin resistance, and

endothelial dysfunction: a potential role for cytokines originating from
adipose tissue? Arterioscler Thromb Vasc Biol 1999;19:972-8.

Haverkate F, Thompson SG, Pyle SD, Gallimore JR, Pepys MP.

Production of C-reactive protein and risk of coronary events in stable

and unstable angina. European Concerted Action on Thrombosis and

Disabilities Angina Pectoris Study Group. Lancet 1997;349:462-6.

[10

=



1160 T. Reinehr et al. / Metabolism Clinical and Experimental 54 (2005) 1155—1161

[11] Danesh J, Whincup P, Walker M, et al. Low grade inflammation and
coronary heart disease: prospective study and updated meta-analysis.
BMJ 2000;22:199-204.

[12] Ridker P, Hennekens C, Buring J, Rifai N. C-reactive protein and
other markers of inflammation in the prediction of cardiovascular
disease in women. N Engl J Med 2002;342:836-43.

[13] Heilbronn LK, Clifton PM. C-reactive protein and coronary artery
disease: influence of obesity caloric restriction and weight loss. J Nutr
Biochem 2002;13:316-21.

[14] Marfella R, Esposito K, Siniscalchi M, et al. Effect of weight loss on
cardiac synchronization and proinflammatory cytokines in premeno-
pausal women. Diabetes Care 2004;27:47-52.

[15] Tchernof A, Nolan A, Sites CK, Ades PA, Poehlman ET. Weight loss
reduces C-reactive protein levels in obese postmenopausal women.
Circulation 2002;105:564-9.

[16] McLaughlin T, Abassi F, Lamendola C, et al. Differentiation between
obesity and insulin resistance in the association with C-reactive
protein. Circulation 2002;106:2908 -12.

[17] Laimer M, Ebenbichler CF, Kaser S, et al. Markers of chronic
inflammation and obesity: a prospective study on the reversibility of
this association in middle-aged women undergoing weight loss by
surgical interventions. Int J Obes Relat Metab Disord 2002;26:659 - 62.

[18] Kopp HP, Kopp CW, Fest A, et al. Impact of weight loss on
inflammatory proteins and their association with the insulin resistance
syndrome in morbidly obese patients. Arterioscler Thromb Vasc Biol
2003;23:1042-7.

[19] Bruun JM, Verdich C, Toubro S, Astrup A, Richelsen B. Association
between measures of insulin sensitivity and circulating levels of
interleukin-8, interleukin-6 and tumor necrosis factor—alpha. Effect of
weight loss in obese men. Eur J Endocrinol 2003;148:535-42.

[20] Nicoletti G, Giugliano G, Pontillo A, et al. Effect of a multidisciplin-
ary program of weight reduction on endothelial functions in obese
women. J Endocrinol Invest 2003;26:RC5-8.

[21] Monzillo LU, Hamdy O, Horton ES, et al. Effect of lifestyle
modification on adipokine levels in obese subjects with insulin
resistance. Obes Res 2003;11:1048-54.

[22] Samuelsson L, Gottsater A, Lindgarde F. Decreasing levels of tumour
necrosis factor alpha and interleukin 6 during lowering of body mass
index with orlistat or placebo in obese subjects with cardiovascular
risk factors. Diabetes Obes Metab 2003;5:195-201.

[23] Xenachis C, Samojlik E, Raghuwanshi MP, Kirschner MA. Leptin,
insulin and TNF-alpha in weight loss. J Endocrinol Invest
2001;24:865-70.

[24] Xydakis AM, Case CC, Jones PH, et al. Adiponectin, inflammation,

and the expression of the metabolic syndrome in obese individuals:

the impact of rapid weight loss through caloric restriction. J Clin

Endocrinol Metab 2004;89:2697-703.

Bastard JP, Jardel C, Bruckert E, et al. Elevated levels of interleukin-6

are reduced in serum and subcutaneous adipose tissue of obese

women after weight loss. J Clin Endocrinol Metab 2000;85:3338-42.

[26] Moon YS, Kim DH, Song DK. Serum tumor necrosis factor—alpha
levels and components of metabolic syndrome in obese adolescents.
Metabolism 2004;53:863 -7.

[27] Ford ES, Galuska DA, Gillespie C, Will JC, Giles WH, Dietz WH.
C-reactive protein and body mass index in children: findings from the
Third National Health and Nutrition Examination Survey, 1988-1994.
J Pediatr 2001;138:486-92.

[28] Berenson GS, Srinivasan SR, Bao WH, Newman WP, Tracy RE,
Wattigney WA. Association between multiple cardiovascular risk
factors and arteriosclerosis in children and young adults. N Engl J
Med 1994;338:1650-6.

[29] Cook DG, Mendall MA, Whincup PH, et al. C-reactive protein
concentration in children: relationship to adiposity and other
cardiovascular risk factors. Atherosclerosis 2000;149:139-50.

[30] Kromeyer-Hauschild K, Wabitsch M, Geller F, et al. Percentiles of
body mass index in children and adolescents evaluated from different
regional German studies. Monatsschr Kinderheilkd 2001;149:807-18.

[25

—

[31] Cole TJ. The LMS method for constructing normalized growth
standards. Eur J Clin Nutr 1990;44:45 - 60.

[32] Reinehr T, Kiess W, Kapellen T, Andler W. Insulin sensitivity in obese
children and adolescents according to degree of weight loss. Pediatrics
2004;114:1569-73.

[33] Reinehr T, Andler W. Changes in the atherogenic risk-factor profile
according to degree of weight loss. Arch Dis Child 2004;89:419-22.

[34] Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-9.

[35] Rosner B, Prineas RJ, Loggie JM, Daniels SR. Blood pressure
normograms for children and adolescents by height, sex, and age, in
the United States. J Pediatr 1993;123:871-86.

[36] Reinehr T, Kersting M, Alexy U, et al. Long-term follow-up of
overweight children: after training, after a single consultation
session and without treatment. J Pediatr Gastroenterol Nutr 2003;
37:72-4.

[37] Reinehr T, Brylak K, Alexy U, et al. Predictors to success in
outpatient training in obese children and adolescents. Int J Obes
2003;27:1087-92.

[38] Isai CR, Deckelmaum RJ, Travy RP, Starc TJ, Berglund L, Shea S.
Physical fitness and C-reactive protein level in children and young
adults: the Colombian University Biomarkers Study. Pediatrics
2003;111:332-8.

[39] Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Low-
grade systemic inflammation in overweight children. Pediatrics
2001;107:E13.

[40] Gillum RF. Association of serum C-reactive protein and indices of
body fat distribution and overweight in Mexican American children.
J Natl Med Assoc 2003;95:545-52.

[41] Mannge H, Schauenstein K, Stroedter L, Griesl A, Maerz E,
Borkenstein M. Low grade inflammation in juvenile obesity and type
1 diabetes associated with early signs of atherosclerosis. Exp Clin
Endocrinol Diabetes 2004;112:378-82.

[42] Mohamed-Ali V, Goodrick S, Rawesh A, et al. Human subcutaneous
adipose tissue releases IL-6 but not TNFalpha in vivo. J Clin
Endocrinol Metab 1997;82:4196-200.

[43] Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous
adipose tissue of obese subjects release interleukin-6: depot difference
and regulation by glucocorticoid. J Clin Endocrinol Metab 1998;83:
847-50.

[44] Bastard JP, Jardel C, Delattre J, et al. Evidence for a link between
adipose tissue interleukin-6 content and serum C-reactive protein
concentrations in obese subjects. Circulation 1999;99:2221-2.

[45] Esposito K, Pontillo A, Di Palo C, et al. Effect of weight loss and
lifestyle changes on vascular inflammatory markers in obese women:
a randomized trial. JAMA 2003;289:1799-804.

[46] Shea S, Aymong E, Zybert P, et al. Obesity, fasting plasma insulin,
and C-reactive protein levels in healthy children. Obes Res
2003;11:95-103.

[47] Festa A, Dagostino R, Howard G, Mykkanen L, Tracy RP, Haffner S.
Chronic subclinical inflammation as part of the insulin resistance
syndrome: the Insulin Resistance Atherosclerosis Study (IRAS).
Circulation 2000;102:42-7.

[48] Tracy RP. Emerging relationships of inflammation, cardiovascular
disease and chronic diseases of aging. Int J Obes 2003;27:S29 - S34.

[49] de Ferranti S, Rifai N. C-reactive protein and cardiovascular disease: a
review of risk prediction and interventions. Clin Chim Acta 2002;317:
1-15.

[50] Bhakdi S, Torzewski M, Klouche M, Hemmes M. Complement and
atherogenesis: binding of CRP to degraded, nonoxidized LDL
enhances complement activation. Arterioscler Thromb Vasc Biol
1999;19:2348 - 54.

[51] Pasceri V, Willerson JT, Yeh ETH. Direct proinflammatory effect of
C-reactive protein on human endothelial cells. Circulation 2004;102:
2165-8.



T Reinehr et al. / Metabolism Clinical and Experimental 54 (2005) 11551161 1161

[52] Ridker PM, Rifai N, Stampfler MJ, Hennekens CH. Plasma concen-
tration of interleukin-6 and the risk of future myocardial infarction
among apparently healthy men. Circulation 2000;101:1767-72.

[53] Jarvisalo MJ, Harmoinen A, Hakanen M, et al. Elevated serum
C-reactive protein levels and early arterial changes in healthy children.
Arterioscler Thromb Vasc Biol 2002;22:1323-8.

[54] Nemet D, Wang P, Funahashi T, et al. Adipocytokines, body
composition, and fitness in children. Pediatr Res 2003;53:148-52.

[55] Maachi M, Pieroni L, Bruckert E, et al. Systemic low-grade
inflammation is related to both circulating and adipose tissue
TNFalpha, leptin and IL-6 levels in obese women. Int J Obes Relat
Metab Disord 2004;28:993-7.

[56] Mendall MA, Patel P, Asante M, et al. Relation of serum cytokine
concentrations to cardiovascular risk factors and coronary heart
disease. Heart 1997;78:273-7.

[57] Macy E, Hayes T, Tracy R. Variability in the measurement of
C-reactive protein in healthy subjects: implications for reference
interval and epidemiological applications. Clin Chem 1997;43:52-8.

[58] Yudkin JS. Adipose tissue, insulin action and vascular disease:
inflammatory signals. Int J Obes 2003;27:S25-8.

[59] Wallace TM, Matthews DR. The assessment of insulin resistance in
man. Diabet Med 2002;19:527-34.



	High-sensitive C-reactive protein, tumor necrosis factor alpha, and cardiovascular risk factors before and after weight loss in obese children
	Introduction
	Methods
	Results
	Discussion
	Acknowledgment
	References


