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Abstract

In experimental models, adiponectin improves and tumor necrosis factor a (TNF-a) impairs insulin action, and the expression of these

adipocytokines seems to have a reciprocal regulation. The aim was to examine whether in a cross-sectional study, associations supporting this

concept may be found in 58-year-old clinically healthy men, and also the relation to C-reactive protein (CRP).

In 102 men, euglycemic hyperinsulinemic clamp was used to assess glucose infusion rate (GIR). Total body fat (dual-energy x-ray

absorptiometry), plasma adiponectin (radioimmunoassay), TNF-a, and CRP (enzyme-linked immunosorbent assay) were measured.

Adiponectin correlated positively to GIR (r = 0.33, P b .001) and negatively to total fat mass (r = �0.29, P = .004), whereas TNF-a
showed reverse associations (r = �0.31, P b .01, and r = 0.31, P b .01). Adiponectin and TNF-a were negatively correlated (�0.28, P =

.006). An interaction term (TNF-a/adiponectin ratio) and body fat together explained 31.3% (P b .001) in GIR variability. The odds ratio for

having insulin resistance was 9.3 (95% CI, 2.2-38.9) in subjects with TNF-a values above and adiponectin levels below the median, as

compared to subjects with TNF-a values below and adiponectin levels above the median. Total fat and TNF-a, but not adiponectin, were
significantly associated with log CRP (R2 = 20%, P b .001).

In conclusion, this study in man showed that plasma adiponectin and TNF-a were independently and reversely associated with insulin

resistance. C-reactive protein levels were related to TNF-a and obesity.

D 2005 Elsevier Inc. All rights reserved.
1. Introduction

Increased levels of high-sensitive C-reactive protein

(CRP), an acute phase reactant synthesized in the liver,

has been shown to predict cardiovascular morbidity and

mortality in large number of studies [1-4]. High-sensitive

CRP has also been shown to be associated with the

metabolic syndrome [5,6] and adiposity [7-12], but the

mechanisms remain unclear. Further, dysregulation of a

number of cytokines produced in the adipose tissue,

conceptualized as adipocytokines [13], has been shown to

be involved in the pathogenesis of the metabolic syndrome
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and cardiovascular disease [14-16]. An adipovascular axis

[13] has been suggested with adipocytokines as the

mechanistic link between fat and artery [17-20].

One of these adipocytokines, the 244–amino acid protein

adiponectin, is in human being and mice exclusively secreted

from the adipose tissue [21]. Paradoxically, the more obese a

subject, the lower plasma levels of adiponectin [22]. This

could be explained by an inhibitory influence of other

adipocytokines, such as tumor necrosis factor a (TNF-a)
[22,23]. Experimental studies in rodents and different tissue

models have shown that adiponectin and TNF-a have

multiple and opposite effects on insulin sensitivity and

glucose metabolism. Hence, in myocytes, adiponectin has

favorable effects on insulin and glucose metabolism by

activating insulin receptor substrate-1–associated phosphoi-

nositide 3 kinase and glucose uptake, whereas TNF-a has

reverse effects [23]. Similarly, adiponectin accelerates free

fatty acid clearance by enhancing fatty-acid transport protein

1 (FATP-1) messenger RNA (mRNA), and TNF-a has
xperimental 54 (2005) 439–444
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reverse effects [23]. Adiponectin also enhances free fatty acid

oxidation in muscle [24,25], and recombinant adiponectin

suppresses hepatic gluconeogenesis and glucose-6-phospha-

tase [26]. Adiponectin improves insulin sensitivity and seems

to be antiatherosclerotic, whereas TNF-a has opposite

properties and is a proinflammatory cytokine. Tumor necrosis

factor a may also be involved in the regulation of CRP

production in the liver [27,28].

In human beings, cross-sectional studies give evidence

that adiponectin is positively associated with insulin

sensitivity [29-34]. There are some data from human

beings supporting the results from animal studies regarding

the effect of adiponectin on oxidative metabolism of glucose

[29] and insulin signaling [31]. The adipocytokine TNF-a,
implicated in the decrease of insulin sensitivity seen in

obesity and type 2 diabetes, is in these states inversely

expressed compared to adiponectin [35], suggesting oppo-

site roles in the metabolic syndrome. However, several

studies in human beings have failed to find any increase in

TNF-a in insulin-resistant subjects [36-38]. Further, the

insulin-sensitizing thiazolidinediones reduce TNF-a levels

[39,40] but increase adiponectin levels [39,40]. In a

previous small study consisting of obese subjects, an in-

verse relationship was seen between TNF-a and adiponec-

tin, both before and after weight reduction [41]. However, to

our knowledge, no previous population-based study has

described the suggested reciprocal influence of the high-

sensitive CRP and TNF-a proinflammatory activity and the

antiinflammatory cytokine adiponectin on insulin sensitivity

assessed with the clamp method.

Accordingly, the aim of the present study was to examine

whether the opposite associations of adiponectin and TNF-a
vs insulin sensitivity, as observed in experimental studies,

also are observed in a population-based sample of clinically

healthy 58-year-old men (n = 102). The aim was also to

explore the relationship of these adipocytokines to circulat-

ing CRP.
2. Subjects and methods

2.1. Study population

The subjects were included in a previously described

study that had the primary objective to examine the

association between insulin resistance and clinically silent

atherosclerosis [42,43]. The inclusion criteria were male

sex, aged 58 years, and Swedish ancestry. Exclusion criteria

were established cardiovascular disease clinical diabetes

mellitus or other established disease, treatment with

cardiovascular drugs, or unwillingness to participate.

The design was a cross-sectional study on the basis of a

stratified sampling of randomly selected and screened men

as previously described [42-45]. One hundred four men with

varying degrees of obesity and insulin sensitivity underwent

a euglycemic hyperinsulinemic clamp [42]. Of these, 102

subjects participated in the present study and the subjects
had the following characteristics, as previously described:

body mass index, 26.0 F 4.2 kg/m2; body fat, 21.3 F 0.07

kg; systolic and diastolic blood pressure, 138 F 21/83 F 11

mm Hg; total serum cholesterol, 6.03 F 1.12 mmol/L; high-

density lipoprotein cholesterol, 1.26 F 0.36 mmol/L; serum

triglycerides, 1.56 F 1.10 mmol/L (median, 1.36); and

blood glucose, 4.7 F 0.58 mmol/L.

The subjects received both written and oral information

before they gave their consent to participate. The study was

approved by the Ethics Committee at Sahlgrenska Univer-

sity Hospital.

2.2. Measurements

Body weight was measured on a balance scale with the

subject dressed in underwear. Body mass index was

calculated as weight (in kilograms) divided by height

squared (m2). Waist, hip circumferences, and sagittal

abdominal diameter were measured. The sagittal diameter

is the measure from the examination table to the highest

level of the abdomen [46]. Systolic and diastolic blood

pressures were measured in duplicate after 5 minutes of

supine rest. The mean values were used in the analysis.

Heart rate was counted from the radial pulse. Whole blood

glucose was measured with the glucose oxidase technique.

Blood samples were drawn, and serum and plasma were

frozen in aliquots at �708C within 4 hours.

A euglycemic hyperinsulinemic clamp examination ad

modum de Fronzo was performed slightly modified, as

previously published [47]. After the clamp examination,

fat-free mass and total body fat mass were measured

using the dual-energy x-ray absorptiometry (DXA) body

composition model (Lunar DPX-L, Lunar Corp, Madi-

son, Wis). Insulin sensitivity was calculated as the

glucose infusion rate (GIR) per minute adjusted for fat-

free mass during the final hour of the examination [47].

Insulin resistance was defined as GIR below 6.85 mg/kg

fat-free mass per minute. This definition was calculated

as the mean value of the 25th percentile of GIR from

2 clamp examinations performed with 3 weeks interval

in 32 men from the background population of the present

study [47].

2.3. Laboratory procedures

High-sensitive enzyme-linked immunosorbent assay kits

were used to measure TNF-a (R&D System Europe Ltd,

Abingdon, UK) and CRP (Medix Biochemica, Kauniainen,

Finland). Plasma levels of adiponectin were determined by a

radioimmunoassay kit (LINCO Research Inc, St Charles,

Mo) that uses 125I-labeled murine adiponectin and a

multispecies adiponectin rabbit antiserum. Human recom-

binant adiponectin was used as a standard. Inter- and

intraassay coefficient of variation was 5.2% and 3.6%,

respectively. No significant difference was obtained when

plasma was compared to serum (n = 20). All analyses were

performed at the Wallenberg Laboratory, Göteborg, Sweden.
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orrelation coefficients between GIR and adipocytokines and CRP with

nd without adjustment for total body fat (n = 102)

Unadjusted Adjusted for total fat mass

(partial correlation coefficient)

og adiponectin 0.33** 0.23*

og TNF-a �0.31** �0.17

og CRP �0.26** �0.10

* P b .05.

** P b .01.
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Cholesterol and triglyceride levels were determined by

fully enzymatic techniques [48,49]. High-density lipopro-

tein was determined after precipitation of apolipoprotein B–

containing lipoproteins with manganese chloride and

dextran sulfate.

2.4. Statistical analysis

All statistics were analyzed using SPSS for Windows

11.0 (Chicago, Ill). The results are presented as mean

values, standard deviations and numbers (%). Skewed

variables are presented as mean, median (minimum and

maximum value), and were log transformed before para-

metric analyses. Nonparametric Spearman’s rank correla-

tions coefficients were used to illustrate the relationship

between the variables under study. Multiple regression was

used in the analyses examining the associations between the

studied variables. Two-sided P b .05 was considered

statistically significant.
3. Results

The characteristics of the subjects regarding plasma

adiponectin, TNF-a, CRP, total body fat, and insulin

sensitivity are presented in Table 1.

3.1. Adiponectin, TNF-a, and insulin sensitivity

Adiponectin correlated positively to GIR (Table 2) and

negatively to total fat mass (r = �0.29, P = .004). The

association between adiponectin and GIR remained after

adjustment for total fat mass (Table 2). Tumor necrosis

factor a, on the other hand, showed inverse associations and

correlated negatively to GIR (Table 1) and positively to total

fat (r = 0.31, P = .002). However, the association between

TNF-a and GIR did not remain after adjustment for total fat

mass (Table 2). Adiponectin and TNF-a were negatively

correlated (�0.28, P = .006).

In a multiple regression analysis, log adiponectin (b
coefficient, 4.1; SE, 1.57; P = .01) and log TNF-a (b
Table 1

Plasma concentrations of adiponectin, TNF-a, CRP, and total body fat by

tertiles of GIR (geometric mean for adiponectin, TNF-a, CRP and mean for

total body fat, SD)

Tertiles of GIR

1 (n = 34) 2 (n = 34) 3 (n = 34) All (n = 102)

GIR (mg/kg

fat-free

mass

per min)

4.68 F 1.32 8.65 F 0.90 11.79 F 1.84 8.87 F 3.09

Plasma

adiponectin

(lg/mL)

10.53 F 6.19 14.39 F 6.27 14.37 F 6.05 12.95 F 6.35

Plasma

TNF-a
(pg/mL)

2.43 F 0.66 2.11 F 1.13 1.92 F 0.64 2.14 F 0.85

CRP (mg/L) 1.64 F 2.51 0.9 F 1.89 0.87 F 2.28 1.09 F 2.26

Total fat (kg) 28.09 F 6.59 18.40 F 7.60 17.22 F 6.70 21.57 F 8.37
T

C

a

L

L

L

coefficient, �4.6; SE, 2.08; P = .03) contributed inde-

pendently and reversely to the variability in GIR. These

opposite and independent effects of adiponectin and TNF-a
on GIR are also described in Fig. 1.

We further explored the relationship among plasma TNF-a
(over and below median), plasma adiponectin (over and

belowmedian, respectively), and GIR by calculating the odds

ratio (OR) for having insulin resistance. The OR for having

insulin resistance was 9.3 (95% CI, 2.2-38.9) in subjects with

TNF-a values above and adiponectin levels below the

median, as compared to subjects with TNF-a values below

and adiponectin levels above the median.

In a multiple regression model, adiponectin and TNF-a
showed independent associations with GIR. This relation-

ship disappeared after further adjustment for total fat (data

not shown). However, if an interaction term was used (log

ratio of TNF-a and adiponectin), this interaction term was

associated with GIR (b coefficient, �2.5; SE, 1.0; P = .014)

independent of total fat (b coefficient, �1.6 10�4; SE, 0.0,

P b .001), and R2 was 31.3% (P b .001). Furthermore, a

plot of the residuals against the fitted values did not disclose

any specific pattern.

3.2. CRP and insulin sensitivity

C-react ive prote in correlated negatively to GIR (Table 2)

and positively to total fat (r = 0.38, P b .001). However, the

association between CRP and GIR did not remain after

adjustm ent for total fat mass (Table 2). C-reactive prote in
ig. 1. Glucose infusion rate adjusted for fat-free mass in relation to plasma
F
concentrations of adiponectin and TNF-a in 102 clinically healthy men.
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was also associated with adiponectin (r = �0.30, P = .003)

and TNF-a (r = 0.34, P = .001). In a multiple regression

analyses, total fat (beta-coefficient �1.2 10�5, SE 0.0, P b

.03) and TNF-a (b coefficient 0.91, SE 0.30, P = .003), but

not adiponectin, were significantly associated with log CRP

(R2 = 20%, P b .001).
4. Discussion

The results of the present study showed that plasma

concentrations of adiponectin and TNF-a were associated in

an opposite manner to insulin sensitivity, suggesting

opposite effects. Adiponectin that was negatively correlated

to TNF-a showed a positive association with insulin

sensitivity that was independent of total body fat. Tumor

necrosis factor a correlated inversely to insulin sensitivity,

however, not independently of body fat. There seems to be

an interaction between high adiponectin and low TNF-a
levels on insulin sensitivity. Thus, an interaction term

consisting of the ratio of TNF-a and adiponectin and total

body fat explained together almost one third of the

variability in insulin sensitivity. Furthermore, subjects with

high TNF-a (above median) and concomitant low adipo-

nectin levels(below median) had an increased risk of having

impaired insulin sensitivity as compared with subjects with

low TNF-a and concomitant high adiponectin levels (OR =

9.3). These findings were observed in middle-aged, clini-

cally healthy men with varying degrees of obesity recruited

from the general population.

Taken together, the inverse relationship observed in the

present paper raises the question whether the interaction

between TNF-a and adiponectin, rather than the individual

cytokines per se, is of importance for the development of

insulin resistance. This suggestion is supported by the

observation that the interaction term consisting of the ratio

of TNF-a and adiponectin, but not TNF-a and adiponectin

separately, showed associations with GIR that were inde-

pendent of total fat. However, the present study has too

limited power to clarify this issue in further detail.

Yokota et al [50] have shown that adiponectin lowers

TNF-a production in macrophages, supporting the hypoth-

esis that the negative correlation between TNF-a activity and

adiponectin could be explained by a reciprocal inhibitory

influence on the level of gene expression. Because adipo-

nectin is uniquely expressed in the adipose tissue in human

beings, the most important site for this interaction would be

the adipose tissue. However, there is also evidence from in

vitro studies supporting the concept that TNF-a may act as an

inhibitor of adiponectin expression in adipose tissue. In these

studies, TNF-a was demonstrated to decrease adiponectin

gene expression in human preadipocytes [51] 3T3-L1

adipocytes [52] and in whole adipose tissue [41]. In a recent

study of adiponectin knockout mice, there were high levels of

TNF-a mRNA in adipose tissue and high plasma TNF-a
concentrations indicating the reciprocal effect between the 2

adipocytokines [23]. These knockout mice exhibited im-
paired free fatty acid clearance and severe diet-induced

insulin resistance with impaired insulin signaling in muscle.

All these dysregulations, including increased TNF-a expres-

sion, were reversed after viral mediated adiponectin expres-

sion [23]. The mechanism underlying for the opposite

physiological effects of adiponectin and TNF-a may relate

to the structural resemblance of adiponectin and TNF-a [53].

As expected, CRP was positively associated with total

body fat and TNF-a supporting the concept that adipocyte-

derived TNF-a may be one stimulatory factor in the

production of CRP in the liver. In the present study, total

body fat and TNF-a were independently associated with

CRP, and together they explained 20% of the variability in

CRP. Interleukin 6 (IL-6) is the adipocytokine that is most

directly involved in the regulation of CRP synthesis [8,54].

Tumor necrosis factor a is also acting on CRP synthesis

through IL-6 [27,28]. Adiponectin showed a negative

association with CRP, but this did not remain after adjustment

for total body fat. A previous study in Japanese women found

that low-grade CRP elevation was associated with decreased

adiponectin concentrations [55], whereas a study of young

healthy men observed that fat mass and leptin, but not

adiponectin, were associated with CRP [56].

The limitation of the present study is that only clinically

healthy 58-year-oldCaucasianmenwere studied. The rational

was to examine a group that is at high risk for cardiovascular

disease and to reduce a number of potentially confounding

factors, for example, age, sex, concomitant disease, and

accompanying medication. This was a cross-sectional study

and no conclusions can be drawn about causality.

In summary, the contribution of the present study is that it

extends the previously observed reciprocal action of TNF-a
and adiponectin expression levels on insulin action, based on

experimental studies, to show that in a population-based

sample of clinically healthy middle-aged men without

cardiovascular disease, but with a wide range of insulin

resistance, low adiponectin and high TNF-a plasma concen-

trations were associated with a very high risk of insulin

resistance. Circulating CRP concentrations were related to

total body fat and TNF-a, but not adiponectin in a

multivariate analysis.
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