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Abstract

Introduction: Diabetes mellitus is a multifactorial disease which is characterised by hyperglycaemia, dyslipidaemia,
involves various organ systems, and results in various long-term complications. Several studies have suggested that men
with low testosterone levels are at a greater risk of developing type 2 diabetes mellitus, and that low testosterone levels
may even predict the onset of diabetes. Recent studies have shown that a low serum testosterone level is strongly
associated with an increased likelihood of the metabolic syndrome. Aim: To compare the serum total testosterone levels
in type 2 diabetes mellitus patients with that of non-diabetic healthy controls. Material and Methods: The study was
conducted in OPD of Medical College, Kolkata. In the present study 50 men aged 35-55 years who were diagnosed as
type 2 diabetes mellitus patients and confirmed by the estimation of fasting plasma glucose (>126mg/dl), post prandial
blood glucose (>200mg/dl) and HbA,c (>6.5%) were selected, 50 healthy age and BMI matched individuals, were
selected as controls. Patients with a known history of hypogonadism, panhypopituitarism, hyperthyroidism, patients
taking exogenous testosterone and glucocorticoids, patients suffering from chronic debilitating disease, such as renal
failure, cardiac failure, liver cirrhosis, or HIV, were excluded from the study. The laboratory investigations included
evaluation of serum testosterone levels, fasting and postprandial blood glucose, with the levels of HbA,. and Creatinine.
Statistical analysis was performed using SPSS 20.0. Results are represented as mean+SD and number (%). Pearson’s
correlation test was performed to measure the linear dependence of the study parameters. Results: Serum Total
Testosterone level of diabetic group was 3.51+1.26ng/ml, which was found significantly lower than control group with
serum total testosterone level 5.88+2.34ng/ml, (p-value < 0.0001). Conclusion: This study has shown that there is a
significant reduction in serum total testosterone levels in type 2 diabetes mellitus patients.
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Introduction

during the course of male life. Numerous studies have
also identified inverse relationship between serum
testosterone, insulin resistance and hyperglycemia. As

Diabetes mellitus is a multifactorial disease which is
characterised by hyperglycaemia, dyslipidaemia,
involves various organ systems, and results in various
long_term C()mplications_ Several studies have Diabetes Mellitus and Testosterone hormone

suggested that men with low testosterone levels are at a
greater risk of developing type 2 diabetes mellitus, and
that low testosterone levels may even predict the onset
of diabetes [1,2,3].

Testosterone, a steroidal hormone from androgen group,
secreted into the circulation by Leydig cells of testicles,
plays an important part in various biological functions
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dysfunction are two common endocrinopathies, both
may be associated with insulin resistance and defective
metabolism, there seems to be some significant relation
between these two and they may have tend to mutually
influence each other.

Various mechanisms by which low serum testosterone
may be considered a threat for type 2 Diabetes Mellitus
and metabolic syndrome include changes in the body
composition, androgen receptor polymorphisms,
glucose transport and decreased antioxidant effects. On
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the other hand, diabetes mellitus may also be considered
a risk factor for hypogonadism through visceral obesity,
reduced Sex Hormone Binding Globulin (SHBG),
inhibition of gonadotrops secretion or production of
testosterone by Leydig cells, cytokines mediated
inhibition (e.g. TNF a, IL-1B, IL-6) of steroid
production and increased aromatase activity resulting in
estrogen excess [4]. Recent studies have shown that a
low serum testosterone level is strongly associated with
an increased likelihood of the metabolic syndrome
(MES) in both Caucasian and Asian men [5, 6].

Hence, this study has been carried out to find out the
association involving serum Total Testosterone and type
2 Diabetes Mellitus and to determine whether it should
be considered as a diagnostic & prognostic marker of
Diabetes Mellitus.

Aim
To compare the serum total testosterone levels in type 2

diabetes mellitus patients with that of non-diabetic
healthy controls.

Material and Methods

The study was conducted in Medical College, Kolkata,
during the period 2016 — 2018 after obtaining ethical
clearance. In the present study 50 men aged 35-55 years
who were diagnosed as type 2 diabetes mellitus patients
and confirmed by the estimation of fasting plasma
glucose (>126mg/dl), post prandial blood glucose
(>200mg/dl) and HbA ¢ (=6.5%) were selected from the
OPD of Medical College Kolkata were included in the
study as cases, 50 healthy age and BMI matched
individuals, were selected as controls.

Exclusion Criteria: Patients with a known history of
hypogonadism, panhypopituitarism, hyperthyroidism,
patients  taking  exogenous  testosterone  and
glucocorticoids, patients suffering from chronic

Results
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debilitating disease, such as renal failure, cardiac
failure, liver cirrhosis, or HIV, were excluded from the
study. The mean level of serum testosterone was
calculated in various age and BMI groups and compared
with controls. Information on demographic data,
personal history and history of present illness, and other
co-morbid conditions were collected followed by the
clinical and systematic examination of all the patients.

The laboratory investigations included evaluation of
serum testosterone levels, blood glucose levels (fasting
blood glucose and postprandial plasma glucose), with
the levels of HbAlc and creatinine. Five ml venous
sample was obtained from left median cubital vein after
an overnight fast of 8-12 hours from the participants
under aseptic conditions. Centrifugation of the blood
was done at 4000 rpm for 5 minutes for separation of
plasma. Analysis of Fasting plasma glucose (FPG) was
done on fresh plasma. Serum was frozen at -30°C for
estimation of serum testosterone, creatinine levels. Two
millilitre of whole blood was collected in Ethylene-
diamine tetra acetic acid (EDTA) containers for analysis
of HbAlc.

Chemistry auto-analyzer Kone Lab was used to measure
FBG. Fully automated hormone analyzer, Advia
Centaur, based on the principle of chemiluminescence
immunoassay technique was used to measure serum
testosterone. Immuno-inhibition method was used to
estimate HbAlc levels.

Statistical analysis- Statistical analysis was performed
using SPSS 20.0. Results on continuous and categorical
measurements are represented as mean=SD and number
(%). Pearson’s correlation test was performed to
measure the linear dependence of the study parameters.

Significance between the study parameters was
determined by Chi-square/Fisher exact test and student
t-test. P<0.05 is considered statistically significant.

The association between mean ages in both the groups was not significant (P= 0.713; Table 1). The diabetic patients age
group was found to be 45.89+ 6.47 years while that of control group patients was found to be 44.88+7.12years, which
was not significantly different (p=0.713). BMI of diabetic group was 25.98 + 2.62kg/m2 ,which was significantly higher
than that of control group with BMI 24.08+3.18 kg/m2 (p-value= 0.021).

FBG of diabetic group was 145432 mg/dl, which was statistically higher than control group with FBG 94+11 mg/dl (p-
value <0.05). Similarly, PPBG of diabetic group was 254%37mg/dl, which was statistically higher than control group

with PPBG 128+29 mg/dl (p-value <0.05).

The HbAlc in diabetic group was 9.61£2.29%, which was significantly higher as compared to non-diabetic individuals

with HbA . 4.49+0.86% (p- value = 0.0001).
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Serum Total Testosterone level of diabetic group was 3.51%1.26ng/ml, which was found significantly lower than control
group with serum total testosterone level 5.88%2.34ng/ml, (p-value < 0.0001).

Serum Creatinine level of diabetic group was 1.29+0.71mg/dl, which was found significantly lower than control group
with serum total testosterone level 0.98+0.31mg/dl, (p-value = 0.0024).

Table-1: Comparison of various measured parameters between study groups by Student’s t test.

SI. No. Parameters Casesx SD Control p Value
+SD
1 Age(years) 45.89% 6.47 44.88%7.12 0.713
2 BMI (kg/m2) 25.98 +2.62 24.08+3.18 0.021
3 FBG (mg/dl) 14532 94+11 <0.05
4 PPBG (mg/dl) 254+37 128+29 <0.05
5 HBA /¢ (%) 9.61+2.29 4.49+0.86 0.0001
6 Total Testosterone (ng/ml) 3.51+1.26 5.88+2.34 <0.0001
7 Serum Creatinine (mg/dl) 1.29+0.71 0.98+0.31 0.0024
Table-2: Correlation of testosterone level with biochemical parameters
Variables HbAlc Fasting blood glucose Postprandial blood BMI(kg/m2)
(mg/dl) glucose (mg/dl)
Testosterone -0.3641 -0.4319 -0.4198 -0.3618
(ng/dl)

Negative correlation was observed between serum testosterone levels and biochemical parameters such as BMI
(r=-0.3618; P = 0.0013), HbAlc (r = -0.3641; P = 0.0015), fasting blood glucose (r = —0.4319; P = 0.0001), and post-

prandial plasma glucose (r = —0.4198; P = 0.0002).
Discussion

Main objective of our study was to compare serum total
testosterone levels of type 2 Diabetes mellitus patients
with non-diabetic control group. Testosterone is the
most important gonadal hormone that regulates the
physiological functions of the body. Interestingly, in the
present study, we have found that serum testosterone
level of diabetic group was significantly lower than that
in non diabetic control group (p-value < 0.0001).

The mean of serum testosterone of diabetic group was
found 3.51£1.26 ng/ml and serum testosterone of non-
diabetic control group was 5.88%2.34 ng/ml, as shown
in [Table-1]. Therefore, we concluded that the lower
serum testosterone levels were found in patients of type
2 diabetes mellitus when compared with non-diabetic
control. Moreover, in our study, out of 50 diabetic
patients, 23 patients i.e. about 46% had lower level of
serum total testosterone (<3ng/ml).

Similar are the findings of Yeap et al., in which they
have shown that diabetic men were found to have
around two time’s lower testosterone levels as

compared to men without diabetes mellitus [7]. Ding et
al. conducted a meta-analysis which included 3825 men
and confirmed that there was higher prevalence of lower
level of serum testosterone in type 2 Diabetic men [8].
Oh et al. Also showed a reciprocal relationship between
serum total testosterone and type 2 diabetes mellitus [9].
Corona et al. conducted more recent meta-analysis
including 1822 diabetic men and 10009 non diabetic
controls and have found that serum total testosterone
level was lower in men with diabetes mellitus than non-
diabetic controls (mean difference, 2.99nmol/litre) [10].

Kupelian et al. conducted a study and suggested that
low testosterone may be a marker in association of type
2 diabetes mellitus with insulin resistance [11]. Besides
this several other evidences have also been given
showing the role of lower testosterone in insulin
resistance. Yialamas et al. have suggested in their study
that testosterone may affect insulin resistance through
changes in body composition and may also regulate
insulin sensitivity [12]. Low levels of testosterone have
been reported to be associated with type II diabetes and
insulin resistance [13]. The decrease in hormone level is
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slow and constant over all decades and starts early in
life, probably after the third or fourth decade. The exact
cause of the age-related reduction in testosterone levels
is not known. Evaluation of fasting blood glucose and
postprandial blood glucose levels in normal and diabetic
patients in the present study revealed significantly
higher blood glucose levels in the diabetic patients.

The correlation between the blood glucose level and
serum testosterone was found to be significant and
negatively correlated, indicating improvement in blood
glucose levels with increase in serum testosterone.
Studies have reported inverse relationship between
blood glucose and testosterone [14].

The treatment of hypogonadism by means of
testosterone replacement therapy often leads to
reduction in blood glucose level along with reduction in
the resistance to insulin among the diabetic patients
[15]. Present study revealed significant correlation
between BMI and serum testosterone.

Testosterone level was reduced in diabetic patients with
increased BMI. Similar results were reported by Aftab
et al [16] and Dhindsa et al [17], demonstrating
significant association between BMI and low serum
testosterone level. Serum testosterone treatments have
also been reported to impact the HbAlc levels in
diabetic patients [18].

Several contrary reports have been published with
respect to the correlation between serum testosterone
and HbAlc levels. Dhindsa et al [17] Grossmann et al
[19] and Al Hayek et al [13] reported no significant
correlation between HbAlc and testosterone levels,
which is in contrast with those by Kapoor et al [20] in
which testosterone level correlated positively with
HbAlc level. On the other hand, a study on Japanese
men revealed negative association between testosterone
level and HbAlc, possibly due to decrease in
stimulatory effect of testosterone on red blood synthesis
[21].

Conclusion

This study has shown that there is a significant
reduction in serum total testosterone levels in type 2
diabetes mellitus patients. Low testosterone level can be
one of the predictive markers for determining insulin
resistance and other metabolic conditions.

This may highlight requirement of urgent
implementation of screening programs, in order to
detect testosterone deficiency in all type 2 diabetes
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mellitus male patients at an early stage and to
supplement testosterone accordingly. Testosterone
administration may; however, help in treating the
conditions by decreasing resistance to insulin,
increasing iron absorption, and reducing BMI.

Further research with a considerably larger population
and other clinical parameters may aid in establishing
testosterone level as a marker in early diagnosis and
treatment. Future clinical trials should first compare or
combine testosterone therapy with lifestyle measures
and/or insulin-sensitizing agents; second, target men
with lower testosterone, larger amounts of visceral fat,
and more pronounced insulin resistance; and third, be
powered to address clinically important endpoints and
thus inform about the risk-benefit ratio of testosterone
therapy. Unless and until a definitive randomized
Control trials eventuates, information from future trials
can be improved by standardized, prospective endpoints
facilitating future meta-analyses.
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