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The Evaluation of Serum Levels of
Testosterone in Type 2 Diabetic Men
and Its Relation with Lipid Profile

ABSTRACT

Introduction and Aim: Type 2 diabetes mellitus (T2DM) is the
predominant form of diabetes worldwide and much is known
about its patho-physiology. Yet, newer aspects related to it are
being constantly explored. For ages, testosterone has been known
to men as the male sex hormone but now it has been shown by
certain studies that it might have a role in the development of
metabolic disorders like type 2 diabetes. This study was carried
out to determine the relation of testosterone levels with type 2
diabetes mellitus and lipid profile in North East Indian men aged
31 to 73 years.

Materials and Methods: This case control study comprised of
40 type 2 diabetic men and 40 age matched non diabetic healthy
men. Testosterone, SHBG levels and lipid profile were evaluated
in both the groups along with anthropometric measurements and
were statistically analysed.

Results: Serum total and free testosterone and Sex Hormone
Binding Globulin were significantly lower in the test group than
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in the control group. Prevalence of type 2diabetes was five times
higher in men having a total testosterone less than 8nmol/L and
5.57 times higher in those having a free testosterone of less than
0.225nmol/L. Fasting blood glucose showed a strong negative
correlation with total and free testosterone. Glycated haemoglobin
correlated negatively with SHBG but no such correlation was seen
with total or free testosterone. Serum total and LDL cholesterol
showed significant negative correlation with total testosterone
and SHBG but no significant correlation was found with free
testosterone. Serum VLDL, HDL and triglycerides did not show
any significant correlation with total or free testosterone and
SHBG levels.

Conclusion: Low testosterone might have a role in the devel-
opment of type 2 DM and to the associated altered lipid profile.
This study, though a small one is among the few of its kind in
India and it thrives to assist other studies related to the matter.
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INTRODUCTION

Type-2 diabetes which accounts for approximately 90% of diabetes
cases is a bipolar disease [1] characterized by impaired insulin action
and abnormal secretion. The role of insulin is colossal in regulating
glucose homeostasis through a highly orchestrated constellation
of effects, which include promoting glucose uptake in peripheral
tissues such as muscle and fat, suppressing hepatic glucose
output, and regulating lipid metabolism [2]. In addition to insulin,
hormones like glucagon, growth hormone, cortisol, catecholamines,
insulin like growth factor-1 also have a role in maintaining glucose
homeostasis [3]. In the recent years, androgen deficiency has
captured the interest of many medical researchers and they have
associated testosterone not only with the general health of men but
also with certain common systemic illnesses, type 2 diabetes being
one of them.

In general, most cross-sectional studies have reported higher
endogenous testosterone concentrations to be associated with more
favorable cardiovascular profile, including higher HDL cholesterol
and lower triglyceride concentrations, blood glucose, blood pressure
and body mass index. But, high doses of exogenous testosterone
or other anabolic steroids have been associated with adverse health
outcomes, including sudden cardiac death and hepatic disease [4].
Various debates have arisen whether low testosterone is involved in
the pathogenesis of diabetes or it is merely a biomarker coexisting
with diabetes. There is a dearth of research in this field in India,
and more so in northeast India. Therefore, the objective of the
present study is to evaluate the serum levels of testosterone in type
2 diabetic men and find any significant correlation between the
different parameters.

MATERIALS AND METHODS

The present study was carried out in the Department of Biochemistry
of Gauhati Medical College and Hospital, Guwahati from May, 2012
to June, 2013. This work has been approved by the Institutional
Ethics Committee, Gauhati Medical College, 2012. This case control
study was conducted in a study population comprising of 80 male
subjects with age ranging from 31 to 73 years who sought health
care in the endocrinology and medicine outpatient departments in
Gauhati Medical College and hospital and also the male attendants
who accompanied them. Of these 80 subjects, 40 were type 2
diabetic men and 40 were healthy non diabetic men. Subjects with
documented hypogonadism, liver failure, renal failure, those with any
history of acute illness, alcohol consumption or smoking and those
under sex hormone replacement therapy or any medication (e.g.,
diuretic, statins) that could have an influence on lipid metabolism,
blood pressure, blood glucose, or body composition were excluded
from the study. Along with detailed history, anthropometric
measurements like body mass index and waist to hip ratio were
also taken.

Taking all aseptic and antiseptic precautions, 5ml of blood was
drawn from the median cubital vein. Fasting samples were used for
all the investigations. Separated serum was used and tests were
done within eight hours of collection, or else the samples were
preserved at -20°C for future use. Estimations of serum fasting
glucose [9], total cholesterol [6], triglyceride [7] and HDL [8] and
glycated haemoglobin [9] were done using MERCK microlab 300
Semiautoanalyser. VLDL and LDL were calculated using Friedwald’s
formula [10]. Estimations of serum total testosterone [11] and serum
SHBG [12] were done using ELISA Microplate Reader (Biorad 680).
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Serum free testosterone [13] was calculated by the free testosterone
calculator using serum total testosterone, SHBG and albumin
based on the Vermeulen’s formula. After all the calculations and
the biochemical estimations, the results obtained were statistically
analysed and compared between different groups of the study.
Baseline characteristics of the study participants are expressed
in mean + SD. Mann Whitney U-test, student t-test and Fisher’s
exact test were used whenever applicable to analyse differences in
baseline characteristics between the control and the test groups.
Correlations were observed using Spearmen correlation coefficient.
The results were considered significant when the probability (p-value)
was less than 0.05 % of the observed values of “t” at a particular
degree of freedom. Statistical analysis was done using Graph Pad
InStat version 3.00. All the statistical graphs were prepared using
Microsoft Excel 2007.

ETHICS

The study was approved by the Institutional Ethics Committee
of Gauhati Medical College & Hospital, Guwahati and the ethical
clearance number was MC/90/2012/Pt-11/16.

RESULTS

The control group comprised of 40 men with age ranging from 31 to
71. Most of the control subjects were in the age group 51-60 y with
a relative frequency of 0.37. The test group also comprised of 40
individuals with age ranging from 32 to 73 and here also most of the
subjects were in the age group 51 to 60 y with a relative frequency
of 0.37.

Our results from [Table/Fig-1] shows the comparison of anthro-
pometric and biochemical characteristics between the case and
control groups. Men in the test group had significantly higher BMI,
waist circumference, WHR, Systolic and diastolic B.P, FBG, total
cholesterol, LDL cholesterol, VLDL cholesterol, triglycerides and
glycated haemoglobin. There was no significant difference between
the HDL cholesterol of the two groups. Serum total testosterone
(TT), calculated free testosterone (cFT) and SHBG were significantly
lower in the test group than in the control group.

[Table/Fig-2] shows that the prevalence of type 2 diabetes is
significantly more in men with a total testosterone of less than
8nmol/L. An increased risk of type 2 diabetes by 5 times(1.91-
13.06, 95% confidence interval and p= 0.0014) was observed in
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those having total testosterone levels less than 8 nmol/L. Similarly,
an increased risk of type 2 diabetes by 5.571 times (2.11-14.65,
95% confidence interval and p= 0.0006) was seen in men with free
testosterone less than 0.225nmol/L.

As seen in [Table/Fig-3], there is a strong negative correlation of age
with both total and free testosterone, whereas its correlation with
SHBG is not significant. There was no significant correlation of BMI
with total and free testosterone and with SHBG. There was a strong
negative correlation of WHR with both total and free testosterone
but not with SHBG. FBG showed a strong negative correlation with
total and free testosterone but that with SHBG was not so strong.
Glycated haemoglobin correlated negatively with SHBG but no
such correlation was seen with total or free testosterone. Serum
total cholesterol and LDL cholesterol showed significant negative
correlation with total testosterone and SHBG but no significant
correlation was found with free testosterone. Serum VLDL, HDL
and triglycerides did not show any significant correlation with total
or free testosterone and also with SHBG levels.

Parameters Control group | Diabetic group | p-value
Age (Years) 53.37+10.34 57.52+9.17 0.061
BMI (Kg/m?) 23.42+2.250 25.598+2.148 | <0.0001
Waist circumference (cm) 75.62+10.54 82.82+10.38 0.0029
WHR 0.88+0.05 0.94+0.05 <0.0001
Sys B.P (mm Hg) 129.75+15.68 | 140.70+20.03 | 0.0072
Diastolic B.P (mm Hg) 81.45+7.002 85.500+9.389 | 0.0222
FBG (mg/dL) 89.17+12.92 180.35+77.24 | <0.0001
Total cholesterol (mg/dL) 154.1+£35.05 193.50+48.99 <0.0001
HDL-Cholesterol (mg/dL) 41.25+8.44 38.2+14.43 0.2522
LDL-Cholesterol (mg/dL) 89.45+28.83 126.70+51.25 | 0.0004
VLDL-Cholesterol (mg/dL) | 23.40+7.53 29.67+12.2 0.023
Triglyceride (mg/dL) 117+37.68 148.38+61.00 | 0.023
Glycated haemoglobin (%) | 5.32+0.56 8.07+2.54 <0.0001
Total testosterone (nmol/L) | 18.55+8.29 10.20+9.23 <0.0001
Serum SHBG (nmol/L) 61.99+29.04 39.18+31.91 <0.0001
Free testosterone (nmol/L) | 0.293+0.163 0.217+0.258 0.0051

[Table/Fig-1]: Comparison of means of the different anthropometric, clinical and

biochemical characteristics between the test and control groups

[Table/Fig-3]: Correlation of serum total, free testosterone and SHBG with different parameters in the test group

Type 2 DM present Type 2 DM absent
Status of serum Frequency Frequency 95% confidence
testosterone levels Total cases (percentage) (percentage) Odds ratio interval p-value
TT<8nmol/L 35 25(31) 10(13) 5 1.91-13.06 0.0014
FT<.225nmol/Ls 44 30(38) 14(18) 5.571 2.11-14.65 0.0006
Serum total testosterone Serum free testosterone Serum SHBG

Parameters Correlation Correlation Correlation

coefficient PR coefficient P coefficient PR
AGE -0.67 <0.0001 -0.59 <0.0001 -0.22 0.1694
BMI -0.207 0.198 -0.176 0.2767 0.05 0.7557
WHR -0.447 0.0038 -0.411 0.0084 -0.03 0.8403
FBG -0.49 0.0012 -0.41 0.0076 -0.27 0.083
Glycated haemoglobin -0.26 0.0969 -0.12 0.44 -0.33 0.0342
Serum cholesterol -0.36 0.0212 -0.205 0.2057 -0.43 0.0049
Seum LDL-cholesterol -0.37 0.0162 -0.195 0.2256 -0.47 0.0021
Serum VLDL-cholesterol -0.03 0.84 -0.008 0.9567 -0.18 0.255
Serum HDL-cholesterol 0.1 0.52 0.01 0.94 0.27 0.0856
Serum triglycerides -0.03 0.84 -0.008 0.95 -0.33 0.0342
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[Table/Fig-4]: Correlation of total cholesterol with total testosterone and SHBG
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[Table/Fig-5]: Correlation of LDL cholesterol with serum total testosterone and

SHBG levels

DISCUSSION

In our study, we found that in the test group maximum patients
were of the age group 51-60 y. The mean age of the diabetic
group was 52.57 y which was not significantly higher than that
of the control group (p=0.061). The test group which comprised
of diagnosed type 2 diabetic patients had mean BMI of 25.59
Kg/m? and WHR of 0.94 which were significantly higher than in
the control group with a p-value of <0.0001 in both the cases as
seen in [Table/Fig-1]. This finding corroborates with the findings of
Chandel et al., [14] and Shah et al., [15]. As per Mukhtar et al., [16]
visceral obesity reflected in the raised WHR might be attributed
to insulin resistance which is a characteristic of type 2 diabetes.
Both systolic and diastolic BP were significantly higher in the test
group with p values of 0.007and 0.02 respectively. Most type 2
diabetic men are often hypertensive during diagnosis. And this
hypertension has characteristics suggestive of hypertension of the
elderly [17].

The mean fasting serum glucose in the test group and control group
were 180.35mg/dL and 89.17mg/dL respectively. As expected,
fasting serum glucose was significantly higher in the test group with
a p-value of <0.0001 which corroborates with the finding of Abate
et al., [18]. Glycated haemoglobin too was significantly higher in the
test group with a p-value of <0.0001. This finding tallies with the
findings of Zhang et al., [19].

The mean serum total cholesterol and the mean LDL cholesterol
in the test group were 193.5 mg/dL and 126.7mg/dL respectively
which were significantly higher than in the test group with p-values
of <0.0001 and 0.0004 respectively. These findings corroborate
with the findings of Samatha et al., [20]. The mean VLDL cholesterol
in the control group was 23.4mg/dL which was significantly lower
than that of the test group with a mean of 29.67mg/dL (p=0.023).
The mean triglyceride level in the control group was 117mg/dL
which was significantly lower than in the test group with a mean of
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148.38mg/dL (p=0.023). Type 2 diabetes is often associated with
dyslipidemia and therefore increases cardiovascular risks. Altered
metabolism of triglyceride rich lipoproteins plays a pivotal role in
development of this dyslipidemia. Alterations include both increased
hepatic secretion of VLDL and impaired clearance of VLDL and
intestinally derived chylomicrons. This increased VLDL results in rise
of small dense LDL particles [21].

Mean serum total testosterone (TT) of the non diabetic group
was 18.88 nmol/L which was significantly higher than that of the
diabetic group (10.20nmol/L) with a p-value of <0.0001 and this
observation is comparable to that of Adrekani et al., [22]. Low levels
of testosterone are linked with insulin resistance and implicated in
hyperglycemia, hypertension, dyslipidemia and an increased risk
of vascular diseases [23]. Calculated FT (Mean=0.293nmol/L) of
the control group was found to be significantly higher than that
of the test group (Mean=0.217nmol/L) with a p-value of 0.0051.
This finding is in accordance with that of Haffner et al., [24]. But,
Andersson et al., [25] did not find any difference of FT between the
2 groups. In our study, 30(38%) of the subjects having cFT less
than 0.225nmol/L suffered from DM as depicted in [Table/Fig-2],
whereas, only 10(13%) of the study group having cFT >0.225nmol/L
were afflicted by type 2 DM. The odds ratio was 5.571 and the p
value was extremely significant (p=0.0006). This is in accordance
with the findings of Kapoor et al., [26].

The mean serum SHBG of the control group was 61.99nmol/L
whereas that of the test group was 39.18nmol/L. The difference
between the two groups was extremely significant with a p-value
of <0.0001 and this finding is in accordance with that of Andersson
et al., [25] and Haffner et al., [24]. SHBG is a major determinant of
clearance of sex hormones and regulates the availability of active
testosterone at target tissues. Recent molecular epidemiologic
studies have shown that genetically determined levels of SHBG were
inversely associated with the risk of type 2 DM, lending support to
the role of SHBG in its development [27].

Age was found to be inversely correlated with Serum TT and cFT.
And the correlation was extremely significant with p-values of <
0.0001 as depicted in [Table/Fig-3]. This finding is in accordance
with that of Vikan et al., [28]. Serum SHBG also negatively
correlated with age but the correlation was not significant. BMI
correlated inversely with TT, cFT and SHBG but the correlations
were not significant. But, WHR correlated inversely with TT and
cFT in a significant manner (r=-0.44, p=0.0038; r=-0.41, p=0.0084
respectively). BMI is a measure of whole body obesity. In contrast,
WHR is a measure of central obesity and has been found to be
a major predictor of cardiovascular diseases [29]. This visceral
obesity leads to increased break down of testosterone to estrogen
by the action of aromatase. This estrogen in turn suppresses the
release of GnRH and LH thereby further decreasing the levels of
testosterone [30].

As shown in [Table/Fig-3], FBG correlated inversely with both TT
and cFT(r=-0.49, p=0.0012; r=-0.41, p=0.0076 respectively);
the association being stronger with TT. SHBG also correlated
negatively with FBG but the correlation was not very significant.
As per Ueshiba [31], the fasting blood glucose improved in men
with metabolic syndrome after administration of testosterone in a
Japanese male population. Thus, they concluded that testosterone
administration improves insulin resistance. Low testosterone leads
to a decrease in muscle mass and an increase in circulating free
fatty acids [32]. Free fatty acids mediate the development of
insulin resistance and ultimately the development of overt type 2
DM [33]. Also, it was seen that when non diabetic experimental
rats were exposed to subtherapeutic or supratherapeutic doses
of testosterone, they developed insulin resistance [32]. SHBG
correlated significantly with glycated haemoglobin (r=-0.33, p=
0.08). But the correlation of TT and cFT with glycated haemoglobin
was not significant. Chubb et al., [34] showed that SHBG is more
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strongly associated with metabolic syndrome in older men than
TT. This suggests that association between TT and metabolic
syndrome might be secondary to the association between SHBG
and metabolic syndrome. As per Wang et al., [35], low TT and
SHBG predict the development of diabetes independent of age,
race and obesity and that SHBG was a stronger predictor of type
2 diabetes.

Total cholesterol correlated inversely with TT and SHBG levels (r=-
0.36, p=0.021; r=-0.43, p=0.004) as depicted in [Table/Fig-4]. This
finding is in accordance with that of Laaksonen et al., [36]. But this
association was stronger with SHBG than with TT. Free testosterone
also correlated inversely with total cholesterol levels but it was not
significant. As shown in [Table/Fig-5], serum LDL cholesterol also
correlated negatively with TT and SHBG levels (r=-0.37, p=0.016;
r=-0.47, p=0.0021). VLDL cholesterol did not show any significant
correlation with TT, cFT or SHBG levels. HDL cholesterol correlated
with SHBG levels (r=0.27, p=0.08) but not very significantly. Serum
triglycerides did not show any significant correlation with serum TT,
cFT or SHBG levels. Low levels of testosterone is associated with
visceral fat accumulation, metabolic syndrome, type 2 diabetes,
increased inflammatory cytokines, hyperlipidemia and abnormalities
of coagulation [35]. Epidemiological data suggest that testosterone
levels are associated negatively with total cholesterol, LDL cholesterol
and triglycerides, and positively with HDL cholesterol. Similarly, trials
of testosterone replacement have shown improvement in the lipid
profile of dyslipidemic men. But the exact mechanism as to how
testosterone levels affect lipid profile is still not known. However,
considering the enormous support on this possibility lend by various
studies low testosterone can be regarded as a new cardiovascular
risk factor in men [37].

CONCLUSION

This study showed that testosterone levels correlated inversely with
blood sugar status in men, suggesting its role in the development of
type 2 DM. Serum testosterone and SHBG levels were significantly
lower in type 2 diabetic men and levels of total testosterone
correlated inversely with total cholesterol and LDL cholesterol. This
suggests that androgens affect lipid profile in a not very well known
mechanism, thereby increasing CVD risk. To precisely establish
the role of testosterone in type 2 diabetes, a more elaborate study
with larger study group would have been desirable as our study
was limited by a small study group. However, this was our earnest
effort with whatever resources available to contribute towards men’s
health.
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