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ABSTRACT

INTRODUCTION

Introduction: India, the country with the highest prevalence of diabetes,
has between 62,4 and 77,2 million diabetics and pre-diabetics. The
purpose of this study was to investigate the biological correlation between
sex hormone profile and type 2 diabetes in Indian men.

Methodology: In this case-control study, total of 181 diabetic cases and
181 healthy controls were enrolled as per WHO norms. Along with clinic-
demographical data, fasting blood glucose, Postprandial blood glucose,
HBAUc, insulin, lipid profile and Testosterone, LH, FSH were measured
and compared.

Results: A non-significant difference was observed [p=0.7831] between
different ages among the study population's case and control groups. The
FPG, HbAlc, total cholesterol, LDL, triglycerides were significantly
elevated in cases as compared to controls, except HDL and SHBG,
showing non-significant differences. The spearman correlation between
Testosterone and different parameters, and all the correlations showed a
significant negative correlation. However, Testosterone Vs. Testicular
Volume (ml) [r=0.2981], Testosterone Vs. HDL cholesterol(mmol/l)
[r=0.04884] and Testosterone Vs. Calculated Free Testosterone (mmol/L)
[r=0.007494] respectively shows significant positive correlation.

Conclusion: Type 2 Diabetes male patients had lower testosterone levels.
As a biomarker for Type 2 Diabetes, it is possible to measure changes in
serum testosterone levels.
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There are roughly 62,4 and 77,2 million diabetics
and pre-diabetics in India, the country with the

Over 422 million individuals were diagnosed with
diabetes in 2014, making it the most common
chronic disease in the world today. International
Diabetes Federation (IDF) estimates that 463
million people worldwide have diabetes and that one
in two persons are undiagnosed [1]. It is estimated
that 5.9% of the global population has diabetes
mellitus (T2DM).

Medical and Health Science Journal

highest prevalence of diabetes in the world [2].
Several studies [3,4] have demonstrated a link
between hypogonadism and diabetes in men.
According to a Massachusetts study on male ageing,
seventy-five percent of diabetic men had low
testosterone levels. These males are susceptible to
acquiring ED [5]. Low testosterone levels

(hypogonadism) have been documented in
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numerous investigations [1, 2, 6] in males with
T2DM.

Insulin resistance is the primary risk factor for this
type of diabetes, which is also caused by central
obesity and previously upper abdominal adiposity
[7]. Numerous studies have demonstrated an inverse
relationship between free Testosterone and the
degree of obesity, indicating that low testosterone
levels are observed in obese men [8,9]. Obesity
stimulates aromatase to convert Testosterone to
oestrogen, resulting in a further decline in
levels [10].

supplementation improves insulin sensitivity and

testosterone In fact, testosterone

glucose homeostasis [11] in individuals with
diabetes and hypogonadism. Despite this, certain
investigations [12,13] indicate that testosterone
supplementation has no effect on blood sugar
control in hypogonadic diabetic patients. Men's
atherosclerosis and coronary heart disease are
connected with glycosylated haemoglobin (HbA1C),
a marker of hyperglycemia, IR, and HbAI1C.
However, it is unknown if decreased testosterone
levels are the cause or result of diabetes or
metabolic syndrome development. Of the above
background, the present study aimed to study the
biological correlation of sex hormone profile with

diabetes mellitus type 2 in Indian men.

MATERIAL AND METHODS

The present case-control study was conducted at the
Department of Biochemistry, Index Medical College
Hospital and Research Centre, Indore. After ethical

clearance (Approval No-

MU/Research/EC/PhD/2019/34)  and  informed
consent, patients aged 30-60 years of male diabetic
patients diagnosed on the basis of WHO norms
[blood sugar (>126mg/dl) and 2 hour post-prandial
blood sugar (>200mg/dl)] were included as cases
(n=181). However, patients with chronic diseases
like CKD, CVD, MI, cancer, etc, patients with
infectious diseases like TB, HIV and Hepatitis,
patients  with metabolic  disorders  like
Hypothyroidism, and non willing patients were
excluded. Normal healthy subjects as per WHO
norms of fasting blood sugar (<126mg/dl) and 2-
hour post-prandial blood sugar (<200mg/dl), were

included as controls (n=181).

Along with family history and Medical history of
subjects, demographic details including BMI, Waist
to Hip ratio, Systolic Blood pressure, and Diastolic
Blood pressure were measured. American Diabetic
Association (ADA) criteria were followed for
Impaired Fasting Glucose (IFG) as a fasting plasma
glucose value of 100- 125 mg/dl (5.6-6.9 mmol/L)
in the absence of a previous diagnosis of diabetes.

Minimum 5ml of blood will be drawn from each
group under the aseptic condition in a suitable vial
and used for the investigation of fasting blood
glucose  (GmbH-120200), blood
glucose (GmbH-120200), HBAlc (EM-01-XSYS),
insulin  (EIA-2935), lipid profile (ERBA kit-
120194, 120211, 120227) and Testosterone (DRG-
EIA-1559), LH (DRG-EIA-1289), FSH (DRG-EIA-

1288) as per manual protocol.

Postprandial
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Statistical Analysis:

Statistical analysis was performed using SPSS
IL, USA) for

Windows program (21.0 version). When required,

software (SPSS Inc., Chicago,

the continuous variables were presented by mean
(Standard deviation) or range value and analysed
using the Student t-test. The dichotomous variables
were presented in number/frequency and analysed
using the Chi-square test. The correlation was done
using Spearman correlation analysis. All the
analysis was done at 95% confidence level and p-

value of < 0.05 or 0.001 was regarded as significant.

The mean age of the patients in the case and control
45514535 and 43.79+12.69,
respectively. A non-significant difference was

groups  were

observed [p=0.0938] between the mean age among

the case and control groups of the study population.

The majority of the patients in the case groups were
aged between 31-40 years [82(45.30%)], followed
by 41-50 [56(30.94%)] and 18-30 [22(12.15%)].
However, in the control group, most of the patients
were aged 31-40 years [77(42.54%)], followed by
41-50 [62(34.25%)] and 18-30 years [25(13.81%)].
A non-significant  difference  was observed
[p=0.7831] between different ages among the study

population's case and control groups.

RESULTS
[FIGURE-1]
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Figure-1: Graphical representation of age distribution of the enrolled patients among the case and

control groups

The mean SBP [142.72+25.36 and 127.35+22.68],
DBP [83.16+13.42 and 80.46+14.25], WC
[91.25+11.85 and 78.29+9.68], BMI [24.52+4.87
and 23.42+3.75]

]

and Testicular volume

[21.34+4.32 and 22.61+3.68] in the case and
control groups showed a significant difference
except DBP [p=0.0643]. [TABLE-1, FIGURE-2

Table-1: Clinical parameter of the enrolled patients among the case and control groups.
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CASES CONTROL
CLINICAL [n=181] [n=181]
PARAMETER P-VALUE
MEAN SD MEAN SD
t=6.078
SBP (mmHg) 142.72 25.36 127.35 22.68 0<0.0001*
t=1.856
DBP (mmHg) 83.16 13.42 80.46 14.25 0=0.0643
WC (cm) 91.25 11.85 78.29 9.68 t=11.4
: ' : : p<0.0001*
2 t=2.408
BMI (m/kg?) 24.52 4.87 23.42 3.75 0=0.0166*
Testicular t=3.011
Volume (ml) 21.34 4.32 22.61 3.68 0=0.0028*
Student t-test, Significant
10004
mm CASES E CONTROLS

1004
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MEAN CLINICAL PARAMETER

FPG HbAlc (%) Total LDL HDL Triglycerides  Total SHBG Albumin  Calculated
(mmol/L) h ol  (mmolVL) Testosterone (mmolL) (mmolL) Free
(mmoll)  (mmoll)  (mmol/l) (mmol/L) Testosterone
(mmol/L)

Figure-2: Graphical representation of Biochemical parameters of the enrolled patients among the case

and control groups.

The FPG, HbAlc, total cholesterol, LDL, and serum albumin (p<0.0001) and free testosterone
triglycerides were significantly elevated in cases as (p<0.0001) were significantly lower in cases as
compared to controls, except HDL and SHBG, compared to controls [TABLE-2, FIGURE-2].

showing non-significant differences. However,

Table-2: Biochemical parameters of the enrolled patients among the case and control groups.

BIOCHEMICAL CASES CONTROL P-VALUE
PARAMETER [n=181] [n=181]
MEAN SD MEAN SD
FPG (mmol/L) 7.30 4.61 3.65 1.48 t=10.14

p<0.0001*
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HbAlc (%) 10.32 2.16 6.24 0.37 t=25.05
p<0.0001*
Total 5.36 0.96 4.75 0.64 t=7.113
cholesterol(mmol/l) p<0.0001*
LDL 3.69 0.82 3.46 0.86 t=2.604
cholesterol(mmol/l) p=0.0096*
HDL 2.34 0.61 241 0.52 t=1.175
cholesterol(mmol/l) p=0.2408
Triglycerides 0.61 0.84 0.43 0.12 t=2.854
(mmol/L) p=0.0046*
Total Testosterone 7.64 3.62 14.53 3.69 t=17.93
(mmol/L) p<0.0001*
SHBG (mmol/L) 84.76 63.78 94.48 76.36 t=1.314
p=0.1896
Albumin (mmol/L) 38.41 3.55 40.84 3.49 t=6.567
p<0.0001*
Calculated Free 1.24 0.18 151 0.23 t=12.44
Testosterone (mmol/L) p<0.0001*

Student t-test, Significant

As per serum gonadal hormones assessment, LH
and FSH showed significantly elevated levels in
cases as compared to controls. However, the

insulin level was remarkably lower in cases than in
controls (p<0.0001) [TABLE-3].

Table-3: Serum Gonadal hormones of the enrolled patients among the case and control groups.

SERUM CASES CONTROL P- value
GONADAL [n=181] [n=181]
HORMONES MEAN SD MEAN )
LH (MIU/mI) 7.74 3.62 5.97 3.57 t=4.684
p<0.0001*
FSH (MIU/mI) 12.84 5.38 7.22 4.63 t=10.650
p<0.0001*
Insulin (1U/mI) 8.78 1.23 13.02 1.63 t=27.93
p<0.0001*

Student t-test, Significant

The majority of the patients had 0-5
years[90(49.72%)] of T2DM duration, followed by
6-10 years [46(25.41%)] and 11-15 years
[28(15.47%)] of enrolled patients in case groups
[FIGURE-3]. The majority of the patients in the

case groups were given Metformin + Glimepiride

Medication [63(34.81%)] followed by Metformin
+ Glibenclamide [39(21.55%)] and Metformin
Alone [28(15.47%)] respectively [FIGURE-4].
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Figure-3: Graphical representation of Duration of T2DM(Years) of the enrolled patients among the
case and control groups.
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Figure-4: Graphical representation of Medication of the enrolled patients among the case and

control groups
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The spearman correlation between Testosterone
and different parameters, and all the correlations
showed correlation.

negative However,

Testosterone  Vs. Testicular  Volume (ml)
[r=0.2981], Testosterone Vs. HDL
cholesterol(mmol/l) [r=0.04884] and Testosterone

Vs. Calculated Free Testosterone (mmol/L)

[r=0.007494]  respectively  shows  positive
correlation.

DISCUSSION

Insulin resistance is a key factor in the

development of type 2 diabetes. It is becoming
more common knowledge that low testosterone
levels in males are associated with decreased
insulin sensitivity and the development of type 2
diabetes [9]. The present study aimed to study the
biological correlation of sex hormone profile with
diabetes mellitus type 2 in Indian men.

Ezekiel Musa et al., 2021 [14] observed that both
total and estimated free testosterone levels were
significantly lower in individuals with T2DM
compared to non-diabetic controls. In Accra,
Ghana and Lagos, Nigeria, Asare-Anane et al. [15]
and Onung et al. [16] reported comparable results.
In addition, Paruk et al. [17] in South Africa found
reduced total and free testosterone levels in men
with type 2 diabetes compared to controls. In the
present study, we also observed significantly
lower levels of total Testosterone in diabetic
patients compared to healthy individuals. Two
meta-analyses by Ding et al. [18] and Corona et al.
[19] that included 20 cross-sectional studies (850
diabetic men and 2000 non-diabetic controls) and
studies (1,822 men with
and 10,009

respectively, revealed consistently lower total

28 cross-sectional

diabetes non-diabetic controls),

testosterone levels in men with diabetes compared
to non-diabetic controls. The connection between
low total Testosterone and diabetes has previously
been ascribed to low SHBG levels, which are
typically reported in T2DM [20]. Nonetheless,
Ezekiel Musa et al., 2021,[14] determined that free
Testosterone was considerably lower in males
with T2DM than
indicating that causes other than SHBG may be

in non-diabetic controls,
involved in reducing testosterone levels. In
addition to low SHBG, we believe that abnormal
levels of cholesterol, fasting plasma glucose, and
HbAlc may contribute to low Testosterone.
Farooq et al. 2020[21] also demonstrated that
diabetes produces low testosterone levels in males,
and that low testosterone levels can serve as a
diabetes marker. Consequently, with appropriate
management, mortality and co-morbidity linked
with diabetes can be averted.

The relationship between poor glycemic control
and hypogonadism did not approach statistical
significance, although it was clinically significant.
The conclusion of Ezekiel Musa et al., 2021[14] is
congruent with the findings of a Nigerian study
[22]. In contrast to previous findings, we observed
that hypogonadism was associated  with
significantly higher FPG and HbAlc. Asare-
Anane et al., 2013 [15] and Kapoor et al., 2007
[23] revealed a substantial connection between
hypogonadism and FPG and  glycated
haemoglobin, similar to our findings.

In addition, the study by Ezekiel Musa et al.,
2021[14]

connection

found no statistically

between LDL

significant
cholesterol  and
hypogonadism, despite the high mean LDL
cholesterol in hypogonadal participants. This

result is corroborated by Mirzaei et al.
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[24] investigation, which demonstrated no
association between total Testosterone and the
lipid profile. On the other hand, Wickramatilake et
al. [25] and colleagues found a substantial
between LDL

hypogonadism.  The

connection cholesterol and

correlation  between
hypogonadism and systolic and diastolic blood
pressure observed by Ezekiel Musa et al.,
2021[14] was not statistically significant. These
results are consistent with those from other
investigations [26, 27]. In contrast, a number of
studies [23, 28] have established a correlation
between hypogonadism and blood pressure. We
also identified a significant connection between
SBP and hypogonadism in the present study,
although the association between DBP and
hypogonadism was not statistically significant.
Clinically, but not statistically, a correlation was
established between hypogonadism and abdominal
obesity, as measured by waist circumference,
despite the increased prevalence of abdominal
obesity in type 2 diabetic men with
hypogonadism. Zheng et al. [29] similarly showed
that there was no significant relationship between
hypogonadism and abdominal obesity, although
Laaksonen et al. [30] found the opposite. Ezekiel
Musa et al., 2021[31] observed no relationship
between hypogonadism and global obesity, similar
to previous studies [22, 32]. In contrast to
previous research, the present study demonstrated
a strong relationship between abdominal obesity
and hypogonadism. Similar to this, o bservations
by some researchersalso demonstrated a
significant association between obesity (using
BMI) and hypogonadism [33, 34]. Although the
absence of a statistically significant association

between obesity and hypogonadism, despite the

higher odds of developing hypogonadism in obese
type 2 diabetic men compared to non-obese men,
could be attributed to a significantly high
proportion of hypogonadism in the non-obese
men.

In multivariable analysis, there was a substantial
negative connection between total Testosterone
and triglycerides and HDL cholesterol, with total
testosterone levels decreasing linearly as these
factors rose. These results concurred with those of
other researchers [33, 34] but opposed those of
Asare-Anane et al. [15] and Chang et al. [35].
These findings suggest that male T2DM patients
with  dyslipidemia may frequently have
hypogonadism. Similarly, we detected a strong
negative connection between hypogonadism and
lipid profile in the present investigation. This
between

demonstrated the connection

dyslipidemia and hypogonadism. Low
Testosterone is related with obesity, type 2
diabetes, inflammation, and hyperlipidemia [36].
In contrast to Kapoor et al. [23] and Asare-Anane
et al. [15], Ezekiel Musa et al. [14] found no
significant relationship between total Testosterone
and anthropometric measurements and FPG.

In contrast, waist size, testicular volume, duration
of diabetes, and BMI were not associated with an
increased risk of predicting low total Testosterone.
The 88 percent sensitive ADAM questionnaire
indicated that erectile dysfunction and loss of
libido are predictors of low Testosterone [37]. In
2021[14],

Mahmoud et al. [38] found that testicular volume

contrast to Ezekiel Musa et al.,
was a predictor of low Testosterone, but Travison
et al. [39] indicated that obesity using WC and
BMI and duration of diabetes were predictors of

low total Testosterone. In contrast, we found no
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association between hypogonadism and the BMI
of the patients. According to IDF, the significantly
lower cut-off for diagnosing abdominal obesity in
sub-Saharan African men may account for the
apparent lack of statistical significance despite the
higher risks of low Testosterone with abdominal
obesity. In addition, the abnormally high number
of hypogonadal and eugonadal males who
responded positively to erectile dysfunction and
lack of libido may have diminished the relevance
of the results.

Thus the present study reveals a significant
association of dyslipidemia with hypogonadism in
diabetic patients. However, small samples and the
single centric study was the limitation of the
study. Author recommended further multicentric
study with a large sample size to increase the
reliability and generalizability of the present
findings.

CONCLUSION

The T2DM male patients showed decreased levels
of Testosterone or we can assume that decreased
testosterone levels significantly raised the risk of
T2DM. Serum testosterone levels can be utilised
as a biomarker for the course of Type 2 Diabetes.
Additionally, diabetic men may explore
testosterone supplementation to improve clinical

outcomes.
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