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Abstract

Objective: To study the association between anthropometric and metabolic parameters as well as the
effect of weight loss on plasma levels of the adipose tissue-derived cytokines interleukin-8 (IL-8), inter-
leukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in abdominal obese men.
Subjects: Nineteen obese (mean body mass index (BMI): 38:6^0:6 kg=m2) and ten lean men (mean
BMI: 23:4^0:4 kg=m2) were included in the study. The obese subjects received a 4.2 MJ/day diet
for 8 weeks, followed by 8 weeks on energy restriction (6.2 MJ/day) and 8 weeks on a weight-main-
tenance diet.
Measurements: A dual energy X-ray absorptiometry (DEXA)-scan was performed to estimate body
composition. Plasma levels of IL-8, IL-6 and TNF-a were measured by a specific ELISA method.
Insulin sensitivity was assessed by the homeostasis model assessment method (HOMA).
Results: Plasma levels of IL-8 and IL-6 were 30–40% higher in obese as compared with lean subjects
ðP , 0:05Þ; whereas no group difference in TNF-a was observed. During the intervention, obese sub-
jects obtained a 30% reduction in fat mass ðP , 0:001Þ; fasting insulin ðP , 0:05Þ and HOMA
ðP , 0:05Þ: Plasma levels of TNF-a and IL-6 were decreased by 25–30% ðP , 0:001Þ but IL-8
was increased by 30% ðP , 0:001Þ after weight loss. IL-8 and IL-6 were correlated with measures
of insulin resistance, and changes in IL-6 but not IL-8 were correlated with the improvement in insu-
lin sensitivity after weight loss.
Conclusion: Plasma levels of IL-8 and IL-6 were found to be increased and were correlated with
measures of insulin resistance in abdominal obese male subjects. Weight loss was associated with
changes in the circulating levels of IL-8, IL-6 and TNF-a indicating that these cytokines are influ-
enced by weight loss.
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Introduction

The link between obesity and the increased risk of
developing insulin resistance, type 2 diabetes and
cardiovascular disease have still not been fully
elucidated (1–3). However, during the last decade it
has become increasingly clear that the adipose tissue
itself produces and releases a number of cytokines and
hormone-like proteins such as interleukin-6 (IL-6) (4),
tumor necrosis factor-a (TNF-a) (5), interleukin-8
(IL-8) (6), leptin (7), plasminogen activator inhibitor-1
(8) and adiponectin (9), all of which may be of
importance for this association between obesity and

health complications. Although the majority of these
cytokines and hormone-like proteins are produced and
released not solely from the adipocytes, protein levels
of cytokines such as IL-6 and TNF-a are found to be
elevated in plasma as well as in the adipose tissue
of obese subjects (10, 11), and weight loss is
associated with changes in these adipose tissue-derived
cytokines (10, 11).

TNF-a has been found to induce metabolic changes
in insulin action, glucose transport and lipid
metabolism especially in animal models, mimicking
the insulin resistance and metabolic changes found in
patients with type 2 diabetes (12 –14). In addition,
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TNF-a is known to stimulate the production of other
cytokines such as IL-8 and IL-6 (6, 15), and has been
demonstrated to be associated with obesity and insulin
resistance (16). However, not all studies are compatible
with the suggestion that TNF-a is of importance for the
obesity-associated insulin resistance in humans (17).

IL-6 is produced and released from human adipose
tissue (18), and circulating levels of IL-6 are found to
be increased with increasing adiposity and are associ-
ated with the development of obesity-related health
complications such as insulin resistance and cardiovas-
cular disease (16, 19, 20). When measuring the
arterio-venous difference of IL-6 and TNF-a over the
abdominal subcutaneous adipose tissue depot in the
basal (non stimulated) situation, IL-6 but not TNF-a
is found to be released into the circulation (4). This
suggests that adipose tissue-derived IL-6 is released
into the circulation in a sufficient concentration to
elicit endocrine effects (4).

It has recently been demonstrated by our group (6)
as well as by Gerhardt and coworkers (21) that IL-8
is produced and released from human mature isolated
adipocytes as well as from cultured human adipose
tissue fragments in a regulated manner. IL-8 has,
besides its association with a number of inflammatory
processes, recently been implicated in the pathogen-
esis of atherosclerosis (22 –25). In addition, it has
been reported that serum levels as well as urinary
levels of IL-8 were significantly increased in patients
with type 2 diabetes with and without nephropathy
(26, 27).

Since IL-8, IL-6 and TNF-a are found to be highly
expressed and released from human adipose tissue
and no one, to our knowledge, has made parallel inves-
tigations on these three cytokines, we investigated, in
the present study, the possible association between
weight loss, insulin sensitivity and changes in the circu-
lating levels of IL-8, IL-6 and TNF-a in 19 abdominal

obese men in order to obtain more information on
the possible role of these cytokines in the obese state.

Subjects and methods

Subjects

Twenty-nine healthy male subjects were included in
the study (range: 18–48 years). Nineteen abdominal
obese men with a mean body mass index (BMI) of
38:6^0:6 kg=m2 (range: 34.1–43.8 kg/m2) were com-
pared at baseline with ten lean men with a mean BMI
of 23:4^0:4 kg=m2 (range: 21.1–24.7 kg/m2). The
two groups were matched for age (mean age: lean
34:9^2:6 years and obese 35:0^2:3 years) and
height (Table 1). All subjects were Caucasian, non-dia-
betic and none of them used any medication. The obese
subjects were controlled for weight stability every
second week throughout a run-in period of 6 weeks.

The intervention study consisted of three parts. First,
the obese subjects received a controlled 4.2 MJ/day, low
calorie diet for 8 weeks (GERLINÉA; WASABRØD A/S;
Skovlunde, Denmark) with five daily meals consisting
of 30 g nutrition powder suspended in 200 ml skimmed
milk providing 77.5 g protein, 102 g carbohydrate and
30 g fat. This was followed by 8 weeks on energy
restriction providing 6.2 MJ/day and an additional
8 weeks on a calculated weight-maintenance diet as
previously described (28).

Both lean and obese subjects arrived at the
department at approximately 0800 h, without having
performed any kind of exercise prior to the visit. Fasting
blood samples were obtained from the antecubital vein
at baseline and at the end of the study, after 24 weeks.
Fasting body weight was measured to the nearest 0.1 kg
by a Lindeltronic 8000 scale (Copenhagen, Denmark)
at baseline and after 24 weeks. Measurements of
waist circumference were performed by the same

Table 1 Clinical characteristics of the patients. Baseline characteristics of the 19 obese men (BMI range: 34.1–43.8 kg/m2) and ten
lean men (BMI range: 21.1–24.7 kg/m2) included in the study, as well as characteristics of the 19 obese after weight loss (at week 24).
Data represent mean values^S.E.M.

Baseline

Lean Obese Week 24 reduced obese

Body weight (kg) 75.7^1.8 127.6^3.2*** 108.9^3.8###

Height (cm) 180^2.1 181.5^1.8NS 181.5^1.8NS

BMI (kg/m2) 23.4^0.4 38.7^0.7*** 33.0^1.0###

Fat mass (kg) 14.4^1.7 50.3^2.3*** 35.5^3.0###

Trunk fat mass (kg) 3.2^0.6 21.5^1.2*** 12.4^1.6###

Waist (cm) 83.1^1.2 124.9^1.9*** 105.6^2.8###

Insulin (pM) 33.8^3.5 110.2^11.1*** 77.9^15.8#

Glucose (mM) 4.9^0.1 5.3^0.1* 5.0^0.1NS

HOMA 7.1^0.8 26.0^2.9*** 14.5^2.1###

IL-8 (pg/ml) 3.2^0.5 4.4^0.3* 5.7^0.3###

IL-6 (pg/ml) 2.5^0.6 4.1^0.4* 3.1^0.4###

TNF-a (pg/ml) 4.6^0.5 4.8^0.5NS 3.4^0.4###

*P , 0:05; ***P , 0:001 lean vs obese (unpaired t-test); #P , 0:05; ###P , 0:001 obese baseline vs obese week 24 (paired t-test). NSNot significant.
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person at the time-points indicated. Body composition
was assessed by dual energy X-ray absorptiometry
(DEXA)-scan at baseline and again at the end
of the study, but at this time-point only obese subjects
were investigated. Assessment of individual body
composition was carried out using a Lunar DPX-IQ
Image Densiometer (DPX, Lunar Radiation Corpo-
ration; Madison, WI, USA). All DEXA-scans were
performed in the morning on fasting subjects, as
previously described (29).

Laboratory analysis

Plasma was separated and frozen at 220 8C until the
time of the assay. Plasma samples for determination of
fasting insulin and fasting glucose were analyzed at
the local clinical biochemical laboratory and measures
for insulin resistance were obtained using the homeo-
stasis model assessment ðHOMA ¼ fasting insulin*
fasting glucose=22:5Þ (30).

IL-8, IL-6 and TNF-a protein measurements

The IL-8, IL-6 and TNF-a protein levels were measured
in plasma samples using a specific human enzyme-
linked immunosorbent assay (ELISA) method. The fol-
lowing assays were used: IL-8 Quantiglo (R&D Systems
Europe Ltd, Barton Lane, Abingdon, UK) with an intra-
assay coefficient of variation of 6.4% ðn ¼ 12Þ and an
interassay coefficient of variation of 7.9 ðn ¼ 6Þ; IL-6
Quantiglo (R&D Systems Europe Ltd) with an intra-
assay coefficient of variation of 5.5% ðn ¼ 12Þ and an
interassay coefficient of variation of 12.7% ðn ¼ 7Þ
and TNF-a Quantiglo (R&D Systems Europe Ltd)
with an intra-assay coefficient of variation of 3.5%
ðn ¼ 20Þ and an interassay coefficient of variation of
9.0% ðn ¼ 40Þ:

Statistical analysis

The values are presented as mean^S.E.M. The SPSS
statistical package (SPSS/8.0, SPSS, Chicago, IL, USA)
was used for the calculations. For comparison between
anthropometrical data, body composition, various par-
ameters of insulin sensitivity and plasma levels of IL-8,
IL-6 or TNF-a in obese subjects before and after weight
loss a paired Student’s t-test was used. For comparison
between plasma levels of IL-8, IL-6 or TNF-a, anthropo-
metrical data, body composition and various par-
ameters of insulin sensitivity in lean and obese
subjects an independent Student’s t-test was used. To
determine the relationship between the various meta-
bolic and anthropometrical parameters and plasma
levels of IL-8, IL-6 and TNF-a at baseline as well as
after weight loss bivariate correlations with a Pearson
correlation coefficient (rp) were used. The threshold
for significance was set at P , 0:05:

Ethics

Informed, written consent was obtained from all
subjects after the study protocol had been described to
them in writing and orally. The study was approved by
the Ethical Committees of Copenhagen, Frederiksberg
and Zealand in accordance with the Helsinki II
Declaration.

Results

Cytokines, anthropometric and metabolic
parameters at baseline

As shown in Table 1, obese subjects compared with
lean subjects were found to have significantly higher
amounts of total body fat as well as more visceral adi-
pose tissue as estimated by trunk fat mass and waist
circumference. In addition, obese subjects were found
to be more insulin resistant than lean controls as
assessed by fasting insulin and HOMA ðP , 0:001Þ:

Plasma levels of IL-8 and IL-6 were found to be 38%
ðP , 0:05Þ and 64% ðP , 0:05Þ higher in obese as
compared with lean subjects (Table 1 and Fig. 1). In
contrast, no difference was observed in the plasma
levels of TNF-a between the two groups (Table 1 and
Fig. 1).

When looking at lean subjects separately no
association was found between IL-8, IL-6 or TNF-a
and a number of anthropometric and metabolic par-
ameters (data not shown). In obese subjects, IL-8 was
not found to be associated with anthropometric par-
ameters related to adiposity or to visceral adiposity
(Table 2). IL-8 was correlated with fasting insulin
levels ðP , 0:05Þ but only marginally with HOMA
ðP ¼ 0:05Þ (Table 2 and Fig. 2). Plasma levels of IL-6

Figure 1 Difference in the circulating levels of IL-8, IL-6 or TNF-a
in plasma samples obtained from ten lean and 19 obese individ-
uals. Protein levels of IL-8, IL-6 and TNF-a were measured by
ELISA as described in the Subjects and methods section.

*P , 0:05 compared with plasma levels in lean subjects.
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were found to be correlated with HOMA ðP , 0:01Þ
and fasting insulin ðP , 0:05Þ (Fig. 2), but not with
any of the anthropometric parameters (Table 2).
No association was found between plasma levels of
TNF-a and the anthropometric and metabolic par-
ameters investigated. However, measures of insulin sen-
sitivity displayed a trend towards a negative association
(Table 2 and Fig. 2). Of the three cytokines investigated,
plasma levels of TNF-a were found to be correlated with
plasma levels of IL-6 ðrp ¼ 0:46; P , 0:05Þ and IL-8
ðrp ¼ 0:49; P , 0:05Þ: No association was found
between plasma levels of IL-6 and IL-8 ðrp ¼ 0:33;
P ¼ 0:09Þ:

Effects of weight loss on plasma levels of IL-8,
IL-6 and TNF-a

After having received a restrictive diet for 24 weeks the
obese subjects had reduced their body weight by 15%
ðP , 0:001Þ; their total body fat mass by 30% ðP ,
0:001Þ and their waist circumference by approximately
20% ðP , 0:001Þ (Table 1). The decreases in both total
fat mass and visceral fat mass were mirrored by a sig-
nificant improvement in insulin sensitivity as demon-
strated by a decrement in fasting insulin and HOMA
(Table 1). The improvement in insulin sensitivity was
paralleled by a reduction in circulating levels of IL-6
by 25% ð4:1^0:4 pg=ml vs 3:1^0:4 pg=ml;
P , 0:001Þ and TNF-a by 30% ð4:8^0:5 pg=ml vs
3:4^0:4 pg=ml; P , 0:001Þ (Table 1 and Fig. 3).
Opposed to this, circulating levels of IL-8 were
increased by 30% ð4:4^0:3 pg=ml vs 5:7^0:3 pg=ml;
P , 0:001Þ after weight loss (Table 1 and Fig. 3).

In obese subjects, the differences between baseline
and final concentrations of IL-8 (DIL-8) and TNF-a
(DTNF-a) were not found to be correlated with any of
the changes in the anthropometric or metabolic par-
ameters investigated (data not shown). However,
the decrease in IL-6 (DIL-6) observed after weight loss
was correlated with the decrease in fasting insulin
levels and the improvement in insulin sensitivity as
assessed by HOMA (Fig. 4). No association was found
between DIL-6 and DTNF-a ðrp ¼ 0:43; P ¼ 0:07Þ:

Discussion

It is well established that human adipose tissue has the
capacity to produce and secrete a variety of proteins
including cytokines (e.g. TNF-a (10) and IL-6 (11))
and chemokines (e.g. IL-8 (6) and monocyte chemoat-
tractant and activating protein-1 (MCP-1) (21)), some
of which might be involved in the development of
obesity-related diseases through autocrine, paracrine
or endocrine signaling (4, 31).

Previous weight loss studies have only investigated
up to two adipose tissue-derived cytokines in parallel.
In the present study, plasma levels of IL-8, IL-6 and
TNF-a were assessed in parallel in ten lean and 19
obese men. In addition, the effect of a diet-induced
weight loss on these cytokines in the obese men was
investigated. IL-8 and IL-6, but not TNF-a were found
to be increased in obese subjects, and weight loss was
associated with a decrement in the circulating levels
of IL-6 and TNF-a, but an increment in IL-8. In obese
subjects at baseline, IL-8 and IL-6, but not TNF-a,
were found to be associated with measures of insulin
sensitivity (fasting insulin and HOMA) and plasma
levels of TNF-a were found to be correlated with IL-6
and IL-8. The decrease in IL-6 observed after weight
loss was correlated with the augmentation in insulin
sensitivity as demonstrated by a decrement in fasting
insulin and HOMA.

Even though the cytokines investigated are known to
be released from mature human adipocytes, it is not
known whether the changes observed in the circulat-
ing levels of IL-8, IL-6 and TNF-a in the present
study are due to secretory changes in the adipose
tissue. However, reports have previously demonstrated
that changes in the circulating protein levels of IL-8,
IL-6 and TNF-a after weight loss were paralleled by
changes in adipose tissue protein levels of IL-8 (32),
IL-6 (11) and TNF-a (33), which indicates that circu-
lating levels of the cytokines investigated may, to
some extent, mirror changes in the adipose tissue.
The results on IL-6 and measures of insulin sensitivity
are in accordance with two recent studies (16, 34)
further emphasizing that IL-6 may be of importance
for the obesity-related insulin resistance. Although we
recently found that weight loss induced an increase in
plasma levels as well as adipose tissue levels of IL-8
(32), the new and interesting finding relating to IL-8
in this study is that circulating levels of IL-8 are
increased in obese as compared with lean subjects
and are associated with measures of insulin sensitivity
at baseline. These new findings are of interest since che-
mokines such as IL-8 and MCP-1 have been suggested
to be involved in the pathogenesis of diseases associated
with excess amounts of adipose tissue e.g. atherosclero-
sis and cardiovascular disease (25, 35). In addition, cir-
culating levels of IL-8 have been reported to be
increased in patients with type 1 and type 2 diabetes
(26) linking these chemokines with insulin resistance.

Table 2 Association between plasma levels of cytokines and
metabolic and anthropometric parameters at baseline in 19 obese
men (BMI range: 34.1–43.8 kg/m2).

IL-8 IL-6 TNF-a

BMI (kg/m2) 0.32NS 0.30NS 0.18NS

Fat mass (kg) 0.40 ðP ¼ 0:09Þ 0.29NS 0.23NS

Waist (cm) 0.39 ðP ¼ 0:10Þ 0.34NS 0.11NS

Insulin (pM) 0.47* 0.54* 0.45 ðP ¼ 0:05Þ
HOMA 0.45 ðP ¼ 0:05Þ 0.57** 0.43 ðP ¼ 0:07Þ

*P , 0:05; **P , 0:01 and NSnot significant (bivariate correlation with
Pearson correlation coefficient).
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However, in contrast to IL-6 and especially TNF-a, no
research has, to our knowledge, been conducted on
the effects of IL-8 on cellular insulin sensitivity. If, as
expected, weight loss is beneficial then the decrement
in IL-6 and TNF-a after weight loss is understandable,
but the increment in plasma levels of IL-8 is not.

One explanation could be that IL-8, besides its secretion
from adipocytes, is also released from several cell types
involved in acute as well as chronic inflammatory
responses (36), often orchestrated by TNF-a (37).
However, adipose tissue-derived TNF-a is suggested to
elicit its effects in an autocrine or paracrine fashion

Figure 2 Correlation between HOMA and
plasma levels of IL-8, IL-6 or TNF-a.
Measures of insulin sensitivity as assessed
by HOMA were compared with the circulating
levels of IL-8 (A), IL-6 (B) or TNF-a (C) in 19
obese men. HOMA was calculated as
described in the Subjects and methods sec-
tion. Bivariate correlation was assessed with
Pearson correlation coefficient (rp).
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(4) and none of the included patients was found to have
any major inflammatory disease, even though obesity
per se has been demonstrated to be associated with an
increment in circulating levels of markers of inflam-
mation such as C-reactive protein (CRP) (11, 38, 39).
However, some discrepancy still exists on the effect of
weight loss, since not all studies have been able to
report that weight loss was paralleled by a reduction
in CRP (11, 39). Another explanation for the incre-
ment in circulating levels of IL-8 could therefore be
the result of changes in inflammatory markers other
than the cytokines investigated in the present study
or could be due to weight loss-associated release of
other substances from the adipose tissue, such as
organochlorine compounds (40), that may stimulate
the release of IL-8.

IL-6 and TNF-a are also produced and released
from human adipose tissue (18, 41), and the
circulating levels have been found to be correlated
with measures of obesity, insulin resistance and cardi-
ovascular disease in many studies (10, 16, 19, 20,
42) but not in all (17, 43). Another new finding in
the present study was that plasma levels of TNF-a
correlated with circulating levels of IL-6 and IL-8,
which supports the hypothesis that TNF-a is a
leader cytokine inducing the production and release
of other cytokines (e.g. IL-8 and IL-6) (37). Even
though Bastard and coworkers (34) found no
correlation between IL-6 and TNF-a, the findings in
the present study could be of importance since in
vitro studies have demonstrated that TNF-a can
induce the production of IL-8 and IL-6 from adipose
tissue (6, 44). After weight loss TNF-a was associ-
ated, although insignificantly, with IL-6 but not
with IL-8. The decrement in plasma levels of IL-6
after weight loss in obese men was correlated with

an improvement in insulin sensitivity, which is in
agreement with a study by Bastard and coworkers
who have demonstrated a similar correlation between
IL-6 and insulin sensitivity after weight loss in obese
women (11). The decrease in plasma levels of TNF-a
after weight loss are in accordance with reports by
others (10, 33).

In conclusion, we demonstrated that circulating
concentrations of IL-8 and IL-6 were increased in
obese men and were correlated with measures of
insulin sensitivity (e.g. HOMA and fasting insulin)
at baseline. Although large amounts of IL-8 are pro-
duced and released from human adipose tissue in
vitro (6), it is presently unclear whether circulating
levels of IL-8 are influenced by the IL-8 released
from the adipose tissue. One way to test this hypothe-
sis would be to conduct investigations on the direct

Figure 3 Effects of weight loss on plasma levels of IL-8, IL-6 and
TNF-a. Plasma levels of IL-8, IL-6 and TNF-a in 19 obese sub-
jects were assessed before (baseline) and after weight loss
(24 weeks). Protein levels of IL-8, IL-6 and TNF-a were measured
by ELISA as described in the Subjects and methods section.

***P , 0:001 compared with plasma levels before weight loss.

Figure 4 Correlation between the changes in plasma levels of
IL-6 and HOMA or fasting insulin. The decrement in circulating
levels of IL-6 after weight loss, DIL-6, was compared with the
improvement in insulin sensitivity after weight loss, DHOMA (A)
or Dinsulin (B) in 19 obese subjects. HOMA was calculated as
described in the Subjects and methods section. Bivariate corre-
lation was assessed with Pearson correlation coefficient (rp).
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release of IL-8 from the adipose tissue to the circula-
tion by measuring the arterio-venous difference of
IL-8 over an adipose tissue depot. Another point
of interest would be to investigate whether IL-8 has
any effects on cellular insulin sensitivity. Weight
loss in obese men was found to be associated with
a decrement in the circulating levels of IL-6 and
TNF-a, but an increment in the circulating levels of
IL-8. This increment was unexpected, but could be
due to additional inflammatory changes associated
with weight loss.

Acknowledgements

The technical assistance of Lenette Pedersen and Pia
Hornbek is gratefully appreciated.

The study has been supported by The Novo Nordic
Foundation, The Danish Medical Research Council
and the Aarhus University-Novo Nordic Centre for
Research in Growth and Regeneration. The low calorie
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