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Abstract

Objective: Serum testosterone levels are known to inversely correlate with insulin sensitivity and obesity
in men. Furthermore, there is evidence to suggest that testosterone replacement therapy reduces
insulin resistance and visceral adiposity in type 2 diabetic men. Adipocytokines are hormones secreted
by adipose tissue and contribute to insulin resistance. We examined the effects of testosterone
replacement treatment on various adipocytokines and C-reactive protein (CRP) in type 2 diabetic men.
Design: Double-blinded placebo-controlled crossover study in 20 hypogonadal type 2 diabetic men.
Patients were treated with testosterone (sustanon 200 mg) or placebo intramuscularly every 2 weeks
for 3 months in random order followed by a washout period of 1 month before the alternate treatment
phase.
Methods: Leptin, adiponectin, resistin, tumour necrosis factor-a (TNF-a), interleukin (IL)-6 and CRP
levels were measured before and after each treatment phase. Body mass index (BMI) and waist
circumference were also recorded.
Results: At baseline, leptin levels significantly correlated with BMI and waist circumference. There was
a significant inverse correlation between baseline IL-6 and total testosterone (rZK0.68; PZ0.002)
and bioavailable testosterone levels (rZK0.73; PZ0.007). CRP levels also correlated significantly
with total testosterone levels (rZK0.59; PZ0.01). Testosterone treatment reduced leptin
(K7141.9G1461.8 pg/ml; PZ0.0001) and adiponectin levels (K2075.8G852.3 ng/ml;
PZ0.02). There was a significant reduction in waist circumference. No significant effects of
testosterone therapy on resistin, TNF-a, IL-6 or CRP levels were observed.
Conclusion: Testosterone replacement treatment decreases leptin and adiponectin levels in type 2
diabetic men. Moreover, low levels of testosterone in men are associated with pro-inflammatory profile,
though testosterone treatment over 3 months had no effect on inflammatory markers.

European Journal of Endocrinology 156 595–602
Introduction

The primary function of adipose tissue has traditionally
been to store energy, but following the past decade it is
now considered to be an endocrine organ secreting
various peptides termed adipocytokines. Some of these
adipocytokines, such as leptin, adiponectin, tumour
necrosis factor-a (TNF-a) and interleukin (IL)-6, are
known to contribute to the development of insulin
resistance (1, 2). Weight loss has been shown to induce
favourable changes in serum adipocytokines (3).

Leptin is an adipocyte-secreted protein product of the
ob gene. Leptin levels increase in direct proportion to the
adipose tissue mass and leptin production is higher in
s.c. than visceral fat depots (4). In contrast, adiponectin
levels are significantly lower in obese subjects than in
n Journal of Endocrinology
lean (5). Moreover, adiponectin is produced mainly by
visceral adipose tissue (6) and correlates negatively with
insulin resistance (7). Resistin, on the other hand, is
another adipocytokine which has been shown to be
elevated in rodent obesity models, but its role in humans
is less clear as epidemiological studies in humans have
not shown a constant link between resistin and
adiposity or insulin resistance (2, 8). Adipose tissue
TNF-a and IL-6 are also known to correlate with obesity
(1, 2). In contrast to TNF-a, adipose tissue releases IL-6
into circulation and thus the levels of IL-6 are much
higher in blood than TNF-a levels (9). Both TNF-a and
IL-6 are also pro-inflammatory cytokines and are
elevated in infection and inflammation. There is
accumulating evidence to suggest that low testosterone
levels in men are associated with reduced insulin
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sensitivity and type 2 diabetes (10). Studies have
demonstrated that there is a higher prevalence of
hypogonadism in diabetic men when compared with
non-diabetic subjects (11–14). We have previously
shown that testosterone replacement therapy reduces
insulin resistance and improves glycaemic control in
hypogonadal men with type 2 diabetes (15).

Visceral obesity is an important risk factor for the
development of insulin resistance and type 2 diabetes.
Studies have reported that free testosterone levels are
low in obese men and inversely correlate with the
degree of obesity (16, 17). There is an increased
deposition of abdominal adipose tissue in hypogonadal
subjects, which in turn leads to a further reduction in
testosterone concentrations through conversion to
oestradiol by aromatase, hence facilitating fat
deposition and a greater degree of hypogonadism
(10, 18). Testosterone therapy has been shown to
reduce visceral fat mass in middle-aged obese (19) and
type 2 diabetic men (15). Moreover, Snyder et al. (20)
have reported a reduction in fat mass in elderly men
with testosterone replacement treatment.

Even though testosterone replacement therapy has
been shown to have favourable effects on obesity and
insulin resistance in hypogonadal men, as elucidated
earlier, few studies have examined its effects on
adipocytokines. An inverse relationship has been
reported between serum testosterone and leptin
concentrations in men (21–23) and testosterone
replacement therapy has been found to decrease
serum leptin levels in hypogonadal men (24, 25).
Testosterone therapy has also been shown to reduce
adiponectin concentrations in both sham-operated and
castrated mice as well as in cultured adipocytes (26).
Two studies, one in hypogonadal men and another in
healthy men in whom hypogonadism was induced with
gonadotrophin-releasing hormone antagonist, have
similarly shown that testosterone treatment suppresses
adiponectin levels (27, 28). Similarly, testosterone
replacement therapy has been reported to reduce levels
of circulating TNF-a in hypogonadal men, the majority
of whom had coronary artery disease (29). However,
Lambert et al. (30) found no effect on TNF-a or leptin in
elderly eugonadal men ingesting megesterol acetate
who were treated with testosterone, resistance training
or both. In another study, elderly men with hypogona-
dism induced with gonadotrophin-releasing agonists
developed significant increases in serum TNF-a and IL-6
(31). However, in the same study, although testosterone
treatment reduced the cytokines, this was not statisti-
cally significant. A recent study in type 2 diabetic men
with partial androgen deficiency showed that testoster-
one treatment reduces ex vivo production of IL-1b, IL-6
and TNF-a by antigen-presenting cells (32).

CRP is a non-specific acute phase protein produced by
the liver that has traditionally been used to diagnose
and monitor acute inflammation/infection. It is now
considered an important marker of increased
www.eje-online.org
cardiovascular risk in both men and women (33).
Elevated levels of CRP have also been shown to predict
the development of type 2 diabetes (34).

To our knowledge, there have been no studies
examining the effects of testosterone replacement
treatment on adipocytokines and CRP in type 2 diabetic
men. The aim of this study was to assess the effect of
testosterone therapy on leptin, adiponectin, resistin,
TNF-a, IL-6 and CRP levels in hypogonadal men with
type 2 diabetes. This is a supplementary to our recently
published study in the European Journal of Endocrinology
demonstrating a beneficial effect of testosterone replace-
ment treatment on insulin resistance, glycaemic control
and visceral adiposity in type 2 diabetic men (15).
Subjects and methods

This was a double-blind placebo-controlled crossover
study of testosterone treatment in hypogonadal type 2
diabetic men, performed at the Centre for Diabetes and
Endocrinology, Barnsley NHS Foundation Trust Hospi-
tal, Barnsley, UK. The primary outcomes were changes
in leptin, adiponectin, resistin, TNF-a and IL-6 levels.
The secondary outcomes were changes in anthro-
pometric measurements, including waist circum-
ference, body mass index (BMI), percentage body fat
and CRP. The trial had a 7-month duration in which
patients had two treatment phases of 3 months, each
with a washout period of 1 month in between. Each
patient was randomised to receive either placebo or
testosterone therapy first and after the washout period
patients crossed over to the alternate therapy.

Subjects were hypogonadal men with type 2 diabetes
above the age of 30 years. All patients gave written
informed consent and the local research ethics commit-
tee approved the protocol. Inclusion criteria were type 2
diabetic men with HbA1c up to 9.5% showing no
significant symptoms of hyperglycaemia. Hypogonad-
ism was defined as total testosterone level !12 nmol/l
(35) and bioavailable testosterone !4 nmol/l (36) (on
two separate occasions) with symptoms of hypogonad-
ism (positive score in the Androgen Deficiency in the
Ageing Male questionnaire) (37). Patients were
excluded if they had any inflammatory disease or
infection with an elevation of CRPO10 mg/l, those
already on hormone therapy and if they had any
contraindication to testosterone therapy such as
elevation of prostate-specific antigen (PSA) beyond the
age-adjusted normal range. TNF-a and IL-6 were also
not measured in those patients who had an elevation of
CRPO10 mg/l following treatment with either placebo
or testosterone.
Randomisation and drug treatment

Patients were randomised to ‘testosterone first’ or
‘placebo first’ using a computer-generated random
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number. Treatment was with sustanon 200 mg (30 mg
testosterone propionate, 60 mg testosterone phenylpro-
pionate, 60 mg testosterone isocaproate and 100 mg/ml
testosterone decanoate, Organon laboratories,
Cambridge, UK), a depot preparation of testosterone
given by deep i.m. injection. Intramuscular injections
were given once every 2 weeks; patients received a total
of six injections in each phase. The final assessment in
each treatment phase was 12–14 days after previous
injection. This regimen is commonly used as standard
physiological testosterone replacement therapy in men
with androgen deficiency and represents 3 months of
testosterone treatment. Placebowas 0.9%normal saline.
Drugs were drawn in identical syringes and given by a
research nurse in a separate clinical room away from the
patient and the doctor assessing the patient.
Table 1 Baseline characteristics of the population.

Parameter MeanGS.E.M. Sample range

Age (years) 63.15G1.5 52–76
Total testosterone (nmol/l) 7.54G0.55 2.78–10.7
Sex hormone-binding globulin (nmol/l) 27.01G2.89 11.67–63.45
Bioavailable testosterone (nmol/l) 2.48G0.19 0.84–3.87
Leptin (pg/ml) 17 774.27G1971 5366–36 357
Adiponectin (ng/ml) 8468.63G1392 1163–23 209
Resistin (ng/ml) 20.59G1.66 8.75–35.66
TNF-a (pg/ml) 2.1G0.15 1.09–3.52
IL-6 (pg/ml) 1.88G0.29 0.77–5.17
CRP (mg/ml) 4.93G0.76 0.44–8.7
BMI 33.28G1.02 26.4–45
Waist circumference (cm) 115.95G2.72 98–141
Percentage body fat 33.97G1.2 24.3–45.2
HbA1c (%) 7.28G0.19 5.8–9.4
Medicationsa

None (diet only) 3
Metformin 4
MetforminCgliclazide 2
MetforminCrosiglitazone 3
Assessment

Patients were initially screened with a questionnaire
detailing their medical history and their concomitant
medications were noted. Assessments were always
made between 0800 and 1000 h after an overnight
fast. All concomitant oral hypoglycaemic, anti-hyper-
tensive and lipid-lowering medications were permitted
and continued throughout the study without dose
adjustment. However, those patients who were on
insulin were permitted to make insulin dose adjust-
ments to avoid hypoglycaemia. Subjects’ height and
weight were recorded and BMI was calculated using the
equation (BMIZweight (kg)/height (m)2). Waist cir-
cumference was measured – waist was defined as the
point midway between the iliac crest and the costal
margin (lower rib). Percentage body fat was also
recorded in the fasting state by bioelectrical impedance
technique using TANITA BF-300 body fat analyser
(TANITA Corporation, Tokyo, Japan).

Serum samples were obtained by centrifugation
(10 min at 3500 r.p.m.) and immediately frozen at
K20 8C pending further analysis. Total testosterone
and sex hormone-binding globulin were measured by
ELISA technique (DRG Diagnostics, Marburg,
Germany). Bioavailable testosterone was determined
by a modification of the ammonium sulphate precipi-
tation method described by Tremblay and Dube (38).

Leptin, adiponectin, resistin, TNF-a and IL-6 were
measured by ELISA technique (R&D Systems, Abing-
don, UK). The intra- and inter-assay coefficients of
variation were !4 and !6% for leptin, !5 and !7%
for adiponectin, !6 and !10% for adiponectin, !9
and !17% for TNF-a, !8 and !10% for IL-6 and !7
and !15% for CRP respectively.
MetforminCgliclazideC
rosiglitazone

2

InsulinCmetformin 4
Insulin 2

aPatients had been stabilised on these medications for at least 6 months prior
to the study and no dose adjustments of oral hypoglycaemics were made
during the study.
Statistical analysis

Data were analysed using GraphPad Instat package
(version 3.05). All data were tested against normal
distribution using Kolmogorov–Smirnov test. The data
are presented as meanGS.E.M. unless indicated other-
wise. The data were initially examined to exclude
treatment/period interaction by ensuring that the
baseline data of the treatment group (placebo and
testosterone) were not statistically different, using the
t-test between the baseline values in each case. The
primary and secondary outcomes were compared by
analysis of the d between group analysis of the difference
with placebo versus testosterone using t-test. As serum
levels of IL-6 were non-parametric, the Wilcoxon
matched paired test was used. The impact of various
anthropometric measurements and testosterone levels
on adipocytokines was determined by linear regression
and correlation. Results were considered statistically
significant at P!0.05.
Results

The baseline data are presented in Table 1. The sample
comprised a group of 20 hypogonadal men with type 2
diabetes. Four patients from the original study were
excluded as there was insufficient sample to analyse all
the adipocytokines. Fourteen were on oral hypoglycae-
mic agents and six were on insulin treatment. Eight
patients had primary hypogonadism, of which one was
diagnosed with Klinefelter’s syndrome, and two had
secondary hypogonadism who were further investigated
and found to have normal pituitary hormones and
magnetic resonance imaging pituitary. Fourteen men
had a mixed picture of hypogonadism with low
testosterone levels and gonadotrophins within normal
range. There were no adverse effects of treatment on
www.eje-online.org
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haematological, PSA or biochemical parameters. The
results are summarised in Table 2. The baseline values
of each adipocytokine fraction in the placebo and
testosterone phases were not statistically different.
TNF-a and IL-6 were not measured in three patients
as CRP wasO10 mg/l after treatment with placebo and
testosterone.
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ations were seen between leptin concentrations and total
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body fat. There was a significant reduction in leptin levels
with testosterone treatment when compared with
placebo. The mean treatment effect and 95% confidence
intervals of testosterone on leptin concentrations were
reduced (K7141.9G1461.8 pg/ml, PZ0.0001; range
K4082.4 toK10201) when compared with placebo.
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Adiponectin

There was a significant decrease in adiponectin concen-
trations with testosterone therapy (K2075.8G
852.28 ng/ml, PZ0.02; range K292.03 to K3859.6).
The changes in adiponectin levels correlated inversely
with changes in BMI observed with testosterone treat-
ment (rZK0.44; PZ0.04). However, no significant
correlations were observed between baseline adiponectin
levels and BMI, waist circumference or testosterone
concentrations or between changes in adiponectin levels
and waist circumference or percentage body fat.
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Resistin

No significant effect of testosterone therapy on resistin
levels was observed. Moreover, there were no significant
correlations between baseline resistin levels and BMI,
waist circumference or testosterone concentrations.

IL-6

There was a significant inverse correlation between
baseline IL-6 and total testosterone (rZK0.68; PZ
0.002) and bioavailable testosterone levels (rZK0.73;
PZ0.007; Fig. 1). No associations were seen between
IL-6 concentrations and BMI or waist circumference.
There was no significant effect of testosterone treatment
on IL-6 levels (K1.32G1.8 pg/ml; PZ0.28).
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No significant changes were observed in TNF-a levels
following testosterone treatment. Moreover, TNF-a
levels were not correlated with BMI, waist circumfer-
ence or testosterone concentrations.
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Figure 1 Correlations between IL-6 and total testosterone (top) and
between IL-6 and bioavailable testosterone (bottom).
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Figure 2 Correlations between CRP and total testosterone (top)
and between CRP and bioavailable testosterone (bottom).
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CRP

There was a significant inverse correlation between
baseline CRP and total testosterone (rZK0.59;
PZ0.01; Fig. 2). There was also an inverse trend
between CRP and bioavailable testosterone levels which
did not reach statistical significance (rZK0.40;
PZ0.09). No associations were seen between CRP
concentrations and either BMI or waist circumference.
There was no significant effect of testosterone treatment
on CRP levels (0.55G0.57 mg/l; PZ0.35).
Body composition

There was a significant reduction in waist circumfer-
ence (K2.1G0.81 cm, PZ0.02; range K3.79 to
K0.41) following testosterone treatment. Percentage
body fat also decreased and approached statistical
significance (K1.23G0.62; PZ0.06). No significant
changes were observed in BMI.
Discussion

This is the first study to demonstrate that testosterone
replacement therapy decreases leptin and adiponectin
levels in hypogonadal men with type 2 diabetes. There is
also a significant reduction in visceral adiposity. No
significant changes were observed in resistin, TNF-a,
IL-6 or CRP levels. However, baseline testosterone levels
correlated with IL-6 and CRP.

The main role of leptin is to regulate energy intake
and expenditure mediated predominantly by its action
on the hypothalamus. Leptin levels are high in obese
humans and it has been suggested that obesity is caused
by resistance to leptin. In our study, leptin levels
correlated with both BMI and waist circumference.
Others have similarly shown an association in non-
diabetic individuals (39, 40). We have also shown that
testosterone replacement treatment suppresses leptin
levels in hypogonadal type 2 diabetic men. Testosterone
administration has been shown to decrease leptin levels
in healthy men with low plasma total testosterone (41)
and also in young and old hypogonadal men (24, 25).
Furthermore, testosterone substitution in hypogonadal
men has been found to prevent age-dependent increases
in leptin as seen in healthy ageing men (42). However,
we found no correlation between baseline leptin and
androgen levels. Similarly, Sih et al. (25) found no
correlation between leptin and testosterone levels,
though they did report a reduction of leptin levels
www.eje-online.org



600 D Kapoor and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2007) 156
with testosterone replacement therapy in elderly men.
Haffner et al. (43) also showed no correlation between
leptin and sex hormones in middle-aged men. However,
it has been reported by other researchers that there is an
inverse association between serum leptin and testo-
sterone levels (21–23). The differences in the obser-
vations could be due to the different populations studied
and multiple factors involved in regulation of leptin
secretion.

The mechanisms by which testosterone reduces
leptin levels are uncertain. Testosterone treatment has
been shown to reduce adipose tissue mass as mentioned.
In our study, testosterone treatment reduced visceral
adiposity and percentage body fat. Thus, leptin levels
could decrease with the reduction in volume of adipose
tissue. Furthermore, the apparent state of leptin
resistance seen in obesity and probably hypogonadal
state is possibly corrected by testosterone replacement
treatment, thus restoring the normal responsiveness of
hypothalamus to leptin resulting in further weight loss
and reduced leptin levels. Another possible mechanism
is a direct suppressive effect of testosterone on ob gene
expression. Adipocytes carry androgen receptors (44),
and testosterone and dihydrotestosterone have been
shown to suppress leptin secretion and leptin mRNA in
primary culture of human adipocytes (45).

This study has found that testosterone therapy
reduces adiponectin levels in diabetic men. This is
comparable with a study by Lanfranco et al. (27) who
reported that testosterone treatment for 6 months in
young hypogonadal non-diabetic men reduced adipo-
nectin levels. Similarly in another study in healthy men,
experimentally induced testosterone deficiency resulted
in an elevation in serum adiponectin and the addition of
testosterone prevented this rise (28). The mechanism by
which testosterone influences adiponectin is unclear.
Testosterone treatment reduces plasma adiponectin in
both sham-operated and castrated mice and decreases
adiponectin secretion in cultured adipocytes (26). Low
adiponectin levels are associated with obesity, insulin
resistance and cardiovascular disease (1, 7). However,
testosterone replacement therapy has been shown to
have favourable effects on insulin resistance and other
cardiovascular risk factors in men (10). The effect of
testosterone onadiponectin could possibly be explainedby
its effects on body composition. The reduction in fat mass
observedwith testosterone therapycould possibly result in
decreased secretion of adiponectin by adipocytes.
However, a longer study over 36 months in older men
showed that testosterone therapy decreased fat mass and
leptin levels without affecting adiponectin concentrations
(46). A plausible explanation for this is that the beneficial
effect of testosterone treatment on body composition
possibly increases adiponectin levels, but this is compen-
sated by a direct negative effect of testosterone on
adiponectin gene and protein expression (46).

This is the first study to examine the effect of
testosterone treatment on resistin levels in men. It has
www.eje-online.org
been suggested that testosterone is a regulator of
resistin in male mice (47). We found no effect of
testosterone treatment on resistin. The role of resistin in
insulin resistance and adiposity in humans is also not
clear and requires further evaluation.

Our study showed no effect of testosterone therapy on
TNF-a levels in diabetic men. This finding is in contrast
to another study by our group where we found a
significant reduction in TNF-a levels in hypogonadal
men (29). However, in that study, majority of the
patients had coronary artery disease and atherosclerosis
is associated with increased pro-inflammatory cytokines
such as TNF-a. Only five patients in our study had
ischaemic heart disease and this could explain the lack
of effect of testosterone on TNF-a observed in our study.

We found that IL-6 and CRP concentrations inversely
correlated with baseline testosterone levels in men. A
recent study in older men has reported an inverse
relationship between soluble IL-6 receptor and
testosterone levels but not with any other inflammatory
marker (48). Yang et al. (49) reported that free
testosterone levels correlated negatively with CRP. No
significant effect of testosterone treatment on IL-6 levels
or CRP was seen in our study. Others have similarly
found no effect on IL-6 levels with testosterone therapy
(29). Two studies in healthy men have found no effect of
androgen therapy on CRP (50, 51). Both these studies,
similar to the present study, were short-duration studies
over 3–6 months and the long-term effect of testoster-
one treatment on CRP has not been investigated.

In conclusion, we have demonstrated that testo-
sterone replacement therapy decreases both leptin and
adiponectin levels in hypogonadal men with type 2
diabetes. Testosterone therapy has been shown to
improve insulin resistance, visceral adiposity and
glycaemic control in hypogonadal men with type 2
diabetes (15). The fall in leptin levels confirms the
beneficial effect of testosterone replacement therapy in
reducing visceral adiposity. Adiponectin is known to
positively correlate with insulin resistance but short-
term testosterone replacement therapy appears to
decrease its secretion as in this study. Moreover, this
study also showed that low levels of testosterone in men
are associated with inflammation, though testosterone
treatment over 3 months had no effect on inflammatory
markers. Longer term studies would be required to
elucidate further any effect of testosterone on inflam-
matory state.
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