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Summary

Background: The aim of this study was to in-
vestigate the relationships between plasma vis-
fatin, insulin resistance, lipid profile and anthro-
pometric measurements in obese children.

Subjects and methods: Plasma levels of visfatin,
insulin, glucose, lipid profile and anthropometric
indices were determined in 30 obese children and
compared with those in 30 age- and gender-
matched non-obese children. Visfatin was meas-
ured with enzyme-linked immunosorbent assay
and logarithmically transformed to log visfatin for
parametric comparisons.

Results: The obese group had significantly ele-
vated plasma visfatin, fasting glucose and insulin
and homeostasis model assessment (HOMA) val-
ues, as well as elevated lipid concentrations, com-
pared with non-obese children. In the obese
group log visfatin correlated positively with
weight (p = 0.007), waist circumference (p =
0.007), hip circumference (p = 0.034), BMI (p =
0.005), insulin (p = 0.041) and HOMA (p = 0.044).

No correlation was found between visfatin and
lipid profile in obese children (p >0.05). Linear
regression analysis revealed significant positive
relationships between log visfatin and BMI (p =
0.005), insulin and BMI (p <0.001), and between
HOMA and BMI (p <0.001) in the obese group
but not in the control group. Multivariate regres-
sion analysis with log visfatin as a dependent vari-
able showed that only BMI (p = 0.005) and body-
weight (p = 0.014) correlated positively with log
visfatin in obese children.

Conclusions: An increased visfatin concentra-
tion may be associated with BMI and insulin re-
sistance in obese children. Although these find-
ings may lay a foundation for further hypotheses,
the limited sample size in the present study means
that longitudinal studies with more patients are
needed.
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Introduction

The prevalence of childhood obesity is in-
creasing dramatically in developed countries [1],
and obese children are at greater risk of becoming
obese adults in the future. Hence research into
childhood obesity is of paramount importance in
preventing obesity-related mortality and morbid-
ity in adults.

Nowadays adipose tissue is recognised as an
endocrine organ which releases many cytokines
such as tumour necrosis factor alpha, interleukin
6, leptin, adiponectin, and resistin [1]. The pro-
duction, release and serum levels of these cy-

tokines have been investigated in obesity [2-4].
Very recently, Fukuhara et al. [5] identified a
novel cytokine, visfatin. Visfatin is predominantly
secreted from visceral adipose tissue, its plasma
level correlates with the amount of visceral fat in
humans [5], and increased visceral body fat is
closely linked to insulin resistance in adults [6].
Growing evidence indicates a role for visfatin in
glucose homeostasis [7]. Visfatin may link with di-
abetes, owing to its insulin-mimetic action, by
binding to the insulin receptor [5, 8]. Visceral
obesity is known to be an important risk factor for
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the development of insulin resistance, type 2 dia-
betes mellitus and cardiovascular diseases in
adults [8-10]. These findings indicate that hyper-
insulinaemic insulin resistance and visceral adi-
posity can be considered early signs of metabolic
syndrome.

Previous studies on obesity, visfatin, lipid pa-
rameters and insulin resistance produced conflict-
ing results in adults and children [7, 11-13]. Some
reports found increased visfatin levels in children
[1, 7, 12-14]. In contrast, one study reported re-
duced plasma visfatin levels in obese adult pa-

tients [15]. One study reported a significant posi-
tive correlation between plasma visfatin and BMI
[13], but other studies reported no correlation be-
tween visfatin and anthropometric measurements
[1,7,16].

Due to the lack of a consensus on visfatin
concentrations and their relationship to anthro-
pometric and metabolic parameters in children,
our aim in the present study was to investigate the
role of visfatin in childhood obesity. The relation-
ships between plasma visfatin, HOMA and lipid
profile were also investigated.

Methods

Patients

The study population consisted of 30 obese children
aged 9-14 years. Obese children were recruited from the
Paediatric Outpatient Clinic of our hospital. Thirty age-
and sex-matched non-obese children were included as
the control group. Control subjects were selected among
the children who were admitted to the hospital for rou-
tine checkups or routine follow-up examinations and had
no clinical or laboratory signs of systemic illness. All
obese children included in the study were diagnosed as
having simple obesity, without additional diseases such as
diabetes mellitus, hypertension and hypothyroidism.
Children with secondary obesity were excluded from the
study.

A careful history and physical examination including
anthropometric measurements were obtained in all sub-
jects. Bodyweight, height, waist circumference and hip
circumference were measured, and body mass index
(BMI) was calculated (in kg/m?) as an index of overall ad-
iposity. Height and weight were determined using preci-
sion stadiometers and scales to the nearest 0.1 cm and 0.1
kg respectively. The values were compared with median
age-related Turkish standards [17]. Waist circumference
was measured midway between the inferior margin of the
last rib and the crest of the ileum in a horizontal plane.
Hip circumference was measured round the pelvis at the
point of maximal protrusion of the buttocks. Circumfer-
ences were measured to the nearest 1 mm. Pubertal de-
velopment was assessed by physical examination accord-
ing to the criteria of Tanner [18]. The cut-off values for
BMI recommended by Cole et al. [19] were applied in the
diagnosis of obesity among the subjects included. Chil-
dren with BMI over their age- and sex-specific 95th per-
centile values were defined as obese children, and those
with BMI <85 percentiles were considered non-obese.
Children with a BMI between the 85th and 95th per-
centiles were defined as overweight and excluded from
the study. The study protocol was approved by the local
Ethics Committee and informed consent was obtained
from the parents of all participants.

Blood samples

The fasting blood samples were collected in the
morning between 8:00 AM and 10:00 AM following an
overnight fast. Blood samples were centrifuged (4000
rpm) at room temperature for 10 minutes. The separated
plasma was then stored at =70 °C until the time of the as-
says for visfatin and insulin levels.

Biochemical parameters including glucose, trigly-
cerides (T'G), total cholesterol (T'C) and high-density
lipoprotein cholesterol (HDL-C) were measured on the
same day by Behring RXL autoanalyser (Germany). Very
low-density lipoprotein cholesterol (VLDL-C) was cal-
culated by the formulation of triglyceride/5 and LDL-C
was calculated by the Friedwald formula, LDL-C
(mg/dl): TC-[HDL-C + TG/5] [20].

Serum insulin was measured by a commercial chemi-
luminescence assay kit (DPC Diagnostics) using the hor-
mone autoanalyser (Immulite 2000, DPC, USA). The
intra-assay and inter-assay coefficients of variance (CV)
for insulin were 5.4% and 4.3% respectively.

The insulin resistance index was estimated from fast-
ing serum insulin and serum glucose levels using the
homeostasis model assessment (HOMA) = fasting serum
insulin (WIU/mL) x fasting serum glucose (mg/dL)/405
[21].

Visfatin measurement

Plasma visfatin was measured by a commercial vis-
fatin C-terminal enzyme-linked immunosorbent assay kit
(Alpco Diagnostics, Salem, NH) using the microplate
reader (sensitivity 30 pg/mL). The intra- and inter-assay
CV were 5.04% and 6.67% respectively. A monoclonal
antibody specific for human visfatin had been pre-coated
onto a 96-well microplate in this ELISA kit.

Statistical analysis

All results were expressed as mean plus/minus stan-
dard deviation. The single sample Kolmogorov-Smirnov
test was used to estimate the variables’ distribution char-
acteristics. The differences between the patients and the
control groups were estimated using the Chi-square (for
gender distribution) and two-tailed unpaired t-test (for
normally distributed data). Non-parametric Mann-Whit-
ney U test was used for comparison of visfatin values be-
tween patients and the controls. Visfatin values were log-
arithmically transformed to log visfatin in order to per-
form parametric analyses. Pearson’s correlation analysis,
linear and multivariate regression analysis were per-
formed to evaluate the relationships between metabolic,
hormonal, and anthropometric parameters. Statistical
analyses were performed using SPSS 12.0 software pack-
age (SPSS, Inc., Chicago, IL). A p value of less than 0.05
was accepted as significant.
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Results

The mean age of obese (11.7 + 1.8 years) and
non-obese children (11.2 + 0.6 years), their
male/female ratios and pubertal stages were simi-
lar (table 1). The obese group had significantly
higher weight, height, BMI and waist and hip
circumferences compared with healthy controls
(p <0.001 for each parameter). Anthropometric
and demographic data of obese and control chil-
dren are shown in table 1.

Obese children had significantly higher fast-
ing glucose (p = 0.023), fasting insulin (p = 0.005)
and HOMA values (p = 0.002) than control sub-

jects (table 2). Although no difference was found
between the HDL-C levels of the two groups
(p >0.05), significantly higher TC (p <0.001),
LDL-C (p = 0.001), VLDL-C (p = 0.006), and
triglycerides (p = 0.009) levels were found in the
obese group than in the control group (table 2).
Visfatin (4.0 = 3.0 ng/mL vs. 2.2 = 1.5 ng/mL, p =
0.014) (fig. 1) and log visfatin (p = 0.006) values in
obese children were significantly higher than in
control subjects (table 2).

Correlations
Significantly positive correlations were found
between anthropometric indices and insulin

Figure 1 147 (p <0.05), between anthropometric indices and
Ia’l?n"lgf/iflzntf:twe‘:: 51 % HOMA (p <0.05), and between anthropometric
obese and the control . indices and log visfatin (p <0.05) in t_he .obese
children (Percentiles 1t i group (fig. 2) (table 3). There were also significant
fa?]r d°fﬂis§0°:t'r'g.r:" = positive correlations between log visfatin and
respectively: 25th *E,B' Cz insulin (r = 0.381, p = 0.041) and between log
050 ngimi S0t per £ visfatin and HOMA (r = 0.358, p = 0.044) in the
centile, 3.19 vs. 2.37; £ obese group. However, no significant correlation
thg girfmzr/];illelctﬁ > o was fpund between .anthropometric .indices, log
numbers 3, 6, 19 and visfatin and HOMA in non-obese children (table
22 are outliers in 20 3). None of the lipid parameters (I'C, TG, HDL-
?’gjisg.&’:)‘fp) C, LDL-C and VLDL-C) was found to be corre-
0 lated with anthropometric measurements, hor-
2, . ) monal parameters and with log visfatin in either
Obese Controls the obese or the control group (data not shown).

Table 1 Obese group Control group P
Anthropometric (n =30) (n =30)
Lr:)dnif:j 'Cr;‘ i?gis:. and Male/Female ratio 16/14 14/16 NS

Age (years) 11.7+ 1.8 11.2 0.6 NS

Pubertal stage 2(2-3) 2 (2-3) NS

Weight (kg) 59.4 + 16.1 314255 <0.001

Height (cm) 148 + 13 1386 <0.001

Waist circumference (cm) 84.7 £ 10.3 594 5.6 <0.001

Hip circumference (cm) 98.8+11.5 69.4 = 6.0 <0.001

BMI (kg/m2) 262+34 163 £2.0 <0.001

BMI: body mass index; NS: not significant
Table 2 Obese group Control group P
Laboratory values in (n=30) (n=30)
:’hbeezi:thri;j‘ ;er'; jg_d Fasting glucose (mg/dl) 89.6+9.2 84.6+ 6.8 0.023

Fasting insulin (uIU/ml) 7.9+6.1 4327 0.005

HOMA 1.74+1.26 0.89 = 0.59 0.002

Total cholesterol (mg/dl) 157 =31 129 £ 16 <0.001

HDL-C (mg/dl) 42+9 44+8 NS

LDL-C (mg/dl) 93 +28 72 £12 0.001

VLDL-C (mg/dl) 22.9+12.6 15.6+5.2 0.006

Triglycerides (mg/dl) 109 + 55 78 25 0.009

Visfatin (ng/ml) 4.0+3.0 2215 0.014

Log Visfatin 0.50+0.31 0.16 + 0.46 0.006

HOMA: Homeostasis model assessment; HDL-C: High-density lipoproteins
cholesterol; LDL-C: Low-density lipoproteins cholesterol; VLDL-C: Very low-density lipoproteins

cholesterol; Log: logarithmically transformed; NS: not significant
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Table 3

Pearson'’s correlation
coefficients (r) be-
tween anthropomet-
ric, hormonal and
lipid parameters in
obese and non-obese
children.

Table 4

Multivariate analysis
between log visfatin
as dependent vari-
able and anthropo-
metric measure-
ments, age, gender
and pubertal stage
as independent
variables.

Table 5

Multivariate regres-
sion analysis be-
tween HOMA index
as dependent vari-
able and plasma vis-
fatin concentration,
body mass index and
waist circumference
as independent
variables.

Correlation coefficients for obese children

Age Weight BMI Waist circumference Hip circumference
Glucose 0.098 -0.020 —-0.190 —0.150 -0.051
Insulin 0.430* 0.550** 0.544* 0.602*** 0.698***
HOMA 0.460* 0.552** 0.502** 0.600*** 0.700***
TC 0.254 0.014 0.030 -0.170 0.209
TG 0.149 0.054 0.162 -0.002 -0.037
Log visfatin 0.250 0.489** 0.507** 0.491** 0.394*
Correlation coefficients for the control subjects
Glucose 0.245 0.061 0.117 0.242 0.127
Insulin 0.069 0.207 0.042 -0.012 0.158
HOMA 0.077 0.223 0.077 0.029 0.182
TC -0.039 -0.110 -0.039 -0.189 -0.191
TG 0.133 -0.097 -0.129 0.254 0.031
Log visfatin -0.033 -0.013 0.030 —0.001 0.035

* P <0.05,* P <0.01,** P = 0.001 or P <0.001

HOMA: Homeostasis model assessment; T'C: Total cholesterol; TG: Triglycerides;

Log: logarithmically transformed

Independent variable B SE P value Regression analyses

BMI 0.638 0.014 0.005 When log visfatin was taken as a dependent
Weight LoL2 0.007 0.014 var%agie aqd %cher pafal?lete}? as Erlldepep;lept
Height 0557 0010 NS variables, significant relationships of log visfatin
— to weight (r = 0.507; p = 0.004), waist circumfer-
Waist circumference 0404 0008 NS ence (r = 0.490; p = 0.006), hip circumference (r =
Hip circumference 0.112 0.007 NS 0.425; p = 0.019) and BMI (r = 0.528; p = 0.003)
Age -0.166 0.014 NS were found in the obese group (p <0.05) by linear
Gender 0.086 0.113 NS regression analysis. Multivariate regression analy-
Pubertal stage 0.074 0.121 NS sis revealed signiﬁ'cant relationships of log visfatin
- as dependent variable to BMI (p = 0.005) and

NS: not significant . . .
bodyweight (p = 0.014) as independent variables.
Age, gender, pubertal stage, height and circumfer-
Independent variable B SE P value ences of waist and hlp d.1d not shgw a SIgnlﬁcar}t
- relationship to log visfatin in multivariate analysis
BMI (kg/m?) 0727 0.081 0.003 (table 4). Finally, to clarify the relative contribu-
Visfatin (ng/ml) -0.023 0.083 NS tion of BMI, waist circumference, and visfatin in
Waist circumference (cm)  —0.004 0.026 NS the determination of insulin resistance, a multi-

BMI: body mass index, NS: not significant

variate regression analysis was performed. In this
statistical model only BMI retained its significant
relationship to HOMA, whereas visfatin and waist
circumference did not (table 5).

Discussion

The increasing prevalence of obesity is be-
coming an important public health problem in
childhood and presents numerous problems. Sim-
ilarly to the risks of obesity in adulthood, child-
hood obesity is also a leading cause of paediatric
hypertension associated with type II diabetes mel-
litus, and increases the risk of cardiovascular dis-
eases [10, 16]. Because visceral adipose tissue is
considered an important source of visfatin, studies
on visfatin alterations in children may be useful in
understanding some complications of obesity.

The body heights of our obese children were
found to be significantly higher than those of
non-obese children. Obese children often display

increased linear growth. Obesity is characterised
by high serum growth hormone (GH)-binding
protein and normal to high IGF-1 levels. Obesity,
as in tall stature, may suggest an increase in re-
sponsiveness to GH. Hence the increased linear
growth in obese children can be partly explained
by this increase in GH sensitivity [22].

In the present study the impact of childhood
obesity on circulating visfatin and the relation-
ships between visfatin, anthropometric measure-
ments, insulin resistance and lipid profile were in-
vestigated in obese children. Significantly higher
plasma visfatin and insulin levels in obese children
were found when compared with the controls.
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Figure 2

The relationship
between log visfatin
and body mass index
in obese children

(B =0.058 [95%
confidence interval,
0.017-0.098], Beta =
0.638, P =0.005).

Log Visfatin

20 22 24 26 28 30 32 34 36
BMI (kg/m?)

Positive correlations were observed between
plasma visfatin levels and weight, BMI, waist cir-
cumference and hip circumference in obese chil-
dren. However, with multivariate analysis only
BMI and bodyweight were retained to be related
to visfatin levels. In the original study of Fukuhara
et al. [5] visfatin identified as secreted from vis-
ceral adipocytes and plasma visfatin levels were
found to be significantly correlated with visceral
fat tissue in adults. The results concerning visfatin
upregulation in obesity are contradictory [3, 7,
13-15, 23]. Most previous studies have reported
elevated visfatin concentrations in obesity [3, 7,
13, 14, 23], though Pagano et al. [15] have re-
ported decreased plasma visfatin and its messen-
ger RINA in subcutaneous adipose tissue of obese
subjects.

In the present study significant positive corre-
lations of plasma visfatin with anthropometric
markers including weight, BMI and waist-hip cir-
cumferences were found in obese children. Multi-
variate analysis also revealed positive relation-
ships between visfatin and BMI or bodyweight.
However, similar relationships were not found in
non-obese subjects. This situation may suggest
the existence of a threshold in childhood obesity
above which relationships would have been more
prominent. Although a positive correlation be-
tween visfatin levels and BMI has been reported
in adults [13], another study [1] showed a negative
correlation between visfatin levels and BMI in a
Chinese obese adult population. Moreover,
Haider et al. [7] found no significant correlation
between plasma visfatin concentrations and BMI
in obese children. Two other studies [12, 23] like-
wise reported no correlation between serum con-
centrations of visfatin and anthropometric mark-
ers in male adult subjects and in both obese and
lean women. The reasons for these conflicting re-
sults may be ethnic heterogeneity, different popu-
lation characteristics (children, men, women) and
confounding factors such as gender, diabetes mel-
litus, gestation etc. [1]. Discrepancies in labora-
tory measurement methods may also play a role
[1,24-26].

In the present study, the relations between

fasting plasma insulin, fasting glucose concentra-
tion and insulin resistance were studied in obese
children. Although no significant correlation was
found between visfatin and fasting glucose, simi-
larly to the study of Araki et al. [14], our results
show significant correlations between visfatin and
fasting insulin, and between visfatin and HOMA.
However, a positive relationship between visfatin
and HOMA disappeared when multivariate
analysis was performed. In a population-based
study of adult women, no relationship was found
between visfatin and metabolic parameters in-
cluding fasting serum glucose, insulin and
HOMA [26]. Moreover, Berndt et al. [13] re-
ported no significant correlation between visfatin
plasma concentrations, fasting plasma insulin and
glucose concentrations in adults. There are con-
flicting data on the association of visfatin with
obesity and insulin resistance parameters. It has
been suggested that the inconsistencies in clinical
studies may be attributed to differences in the
specificity of the immunoassays used [24]. In our
obese children the positive correlations between
plasma visfatin and fasting insulin or HOMA,
taken together with higher plasma visfatin, fasting
glucose and insulin levels of obese children, may
indicate that visfatin has an insulin-like activity in
an insulin-resistant milieu of obesity. Previously,
visfatin had been reported to imitate the effects of
insulin through a binding site on the insulin re-
ceptor [5]. Since it has been suggested that vis-
fatin is a marker of visceral adiposity rather than
obesity, our results may suggest a possible rela-
tionship between visceral adiposity and insulin
resistance in obese children.

In our study, significantly higher TC, LDL-
C, VLDL-C and triglycerides (except HDL-C)
were found in the obese children (table 2). A low
LDL-C concentration had been reported as a
characteristic finding in healthy Turkish children
[27]. We were unable to demonstrate a correla-
tion between plasma concentrations of visfatin
and levels of lipids in obese children. Similarly,
Haider et al. [7] did not observe a correlation be-
tween serum concentrations of visfatin and lipids
in obese children, except for HDL-C. However,
in two other studies [1, 26], the authors reported a
positive correlation between plasma concentra-
tions of visfatin and HDL-cholesterol levels in
adolescent children and in female adults. Human
visfatin gene is located at 7q22.3, which has been
reported to be a linkage region for insulin resist-
ance syndrome [28]. Jian et al. [29] reported that a
single nucleotide polymorphism at different loci
of visfatin gene was associated with triglyceride
and total cholesterol levels. These reports suggest
that visfatin may play a role in lipid homeostasis.
However, the underlying mechanism is currently
unknown [26]. Because inhibition of cholesteryl
ester transfer-protein increases HDL-C level and
decreases LDL-C level [30], one explanation for
the role of visfatin in cholesterol homeostasis may
be via inhibition of cholesteryl ester transfer pro-
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tein [26]. In contrast to previous studies, the ab-
sence of a relationship between visfatin and
HDL-C in our study may be related to character-
istic low HDL-C concentrations in Turkish chil-
dren overall [27].

In conclusion, we found higher visfatin, fast-
ing glucose, fasting insulin, HOMA and lipid pa-
rameters (T'C, LDL-C, triglycerides) in obese
children. Significant positive correlations were
found between plasma visfatin and anthropomet-
ric indices (weight, BMI, waist and hip circumfer-
ences) and between visfatin, insulin and HOMA
in obese children with univariate analysis. Multi-
variate regression analysis showed positive rela-
tionships of visfatin levels with BMI and body-
weight in obese children.

Since our results derived from cross-sectional
data and the relatively small sample size of the co-
hort of children, we suggest that our findings may
lay a foundation for further hypotheses on this
topic. Additional prospective studies with larger
patient numbers are needed to clarify the role of
visfatin on insulin resistance in obese children.
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