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ABSTRACT
Background: Androgens not only play a crucial role in the differentiation of sex and reproductive maturity, may also help in
the regulation of carbohydrate, protein, lipid metabolism and some inflammatory factors, all these may be known to
influence insulin sensitivity. In recent years, testosterone deficiency has been not only associated with general health of
men but also with certain common systemic disorders like abdominal obesity, type 2 diabetes mellitus & others. Aim: To
compare the serum total testosterone levels in type 2 diabetes mellitus patients with that of non-diabetic healthy controls.
Methods: In the present study, total 60 patients, 30 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) on two occasions were selected
from the OPD of Teerthanker Mahaveer College & Research Centre, Moradabad. 30 healthy age matched individuals,
were selected as controls. Results: The serum total testosterone level of diabetic group was significantly lower than that
non diabetic control group (p-value = 0.000). The mean of serum total testosterone of diabetic group was found 3.53 ± 1.38
ng/ml and serum total testosterone of non-diabetic control group was 5.81 ± 2.42ng/ml. Conclusion: As low serum total
testosterone levels are found in type 2 diabetes mellitus patients, this may highlight requirement of urgent implementation
of screening programs, in order to detect testosterone deficiency in all type 2 diabetes mellitus male patients at an early
stage and to supplement testosterone accordingly.
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INTRODUCTION
Androgens not only play a crucial role in the
differentiation of sex and reproductive maturity, may
also help in the regulation of carbohydrate, protein,
lipid metabolism and some inflammatory factors, all
these may be known to influence insulin sensitivity.
In recent years, androgen deficiency has captured
interest of many researchers and they have
associated testosterone not only with general health
of men but also with certain common systemic
disorders like abdominal obesity, type 2 diabetes
mellitus & others. Various studies have suggested
the effects of testosterone replacement therapy to
hypogonadal male in improving glycemic status of
individuals.[1] Testosterone, a steroidal hormone
from androgen group, secreted into the circulation
by Leydig cells of testicles, plays an important part
in various biological functions during the course of
male life.
Numerous studies have also identified inverse
relationship between serum testosterone, insulin
resistance and hyperglycemia. As Diabetes Mellitus
and Testosterone hormone 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.
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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 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 α, IL-1β, IL-6) of steroid production and
increased aromatase activity resulting in estrogen
excess.[2] Further, as suggested by studies, type 2
diabetes mellitus associated with testosterone
dysfunction may exacerbate symptoms of sexual
dysfunction by reducing libido, mood & infertility.[3]
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Hence, circulating serum testosterone measurement
may be recommended in patients of type 2 diabetes
mellitus having erectile dysfunction.
Moreover, various studies have shown that a
multidirectional relationship exists among metabolic
syndrome, diabetes mellitus type 2, obesity and
lower testosterone levels involving erectile
dysfunction acting through pro-inflammatory agents.
Thus, erectile dysfunction occurring as a result of
low testosterone has been taken as one of common
complication of type 2 diabetes mellitus and is one
of most under diagnosed.
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 nondiabetic healthy controls.

Mean ± S.D. were calculated for all the parameters
analyzed and were compared by Student’s t-test and
the parameters were calculated using SPSS program.
P values considered significant were as follows:P < 0.05 – As significant
P < 0.001 – As highly significant

RESULTS
Table 1: Comparison of various measured parameters
between study groups by Student’s t test.
S.
No.

Parameters

Diabetic
Mean ±
S.D.

Control
Mean ±
S.D.

t
Value

p
Value

1

Age(Years)

46.20 ±
7.17

45.83 ±
6.47

0.208

0.836

2

BMI(kg/m2)

25.93 ±
3.36

24.10 ±
3.31

2.123

0.038

3

FPG(mg/dl)

205.33
±81.21

85.10 ±
14.38

7.985

0.000

4

HbA1c (%)

8.01 ±
2.03

4.64 ±
0.52

8.763

0.000

MATERIALS AND METHODS
In the present study 30 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) on two occasions were selected
from the OPD of Teerthanker Mahaveer College &
Research Centre, Moradabad. 30 healthy age
matched individuals, were selected as controls.
Exclusion Criteria: [4]
 Patients with known history of hypogonadism.
 Patients receiving exogenous testosterone.
 Patients suffering from cardiac disease, renal
failure & liver cirrhosis.
 Patients suffering from AIDS.

The diabetic patients age group was found to be
46.20 ± 7.17years while that of control group
patients was found to be 45.83± 6.47years, which
was not significantly different (p=0.836).
BMI of diabetic group was 25.93± 3.36kg/m2
,which was significantly higher than that of control
group with BMI 24.10± 3.31 kg/m2 (p-value=
0.038).
FPG of diabetic group was 205.33 ± 81.21mg/dl,
which was statistically higher than control group
with FPG 85.10 ± 14.38 mg/dl (p-value= 0.000).
The
HbA1c in diabetic group was 8.01 ±
2.03%,which was significantly higher as compared
to non-diabetic individuals with HbA1c 4.64 ± 0.52
% (p- value = 0.000).

Methodology
 Estimation of Plasma Glucose by GOD-POD,
End Point method.
 Estimation of HbA1c by Particle enhanced
immunoturbidimetric test.
Estimation of Serum Testosterone by ELFA
(Enzyme Linked Fluorescent Assay) technique using
fully automated VIDAS analyzer.
Figure 1.1: Comparison of AGE between study groups

VIDAS – fully automated analyzer
Figure 1.2: Comparison of BMI between study groups

Statistical Analysis
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Figure 1.3 Comparison of FPG between study groups

Figure 1.4: Comparison of HbA1c between study
groups
Table 2: Student’s t-test for Serum Total Testosterone
levels between Diabetic & Non Diabetic controls
S.
No.

1

Parameters

Total
Testosterone
(ng/ml)

Diabetic
Mean ±
S.D.

Non
diabetic
Mean ±
S.D.

t
Value

p
Value

3.53 ±
1.38

5.81 ±
2.42

4.480

0.000

Serum Total Testosterone level of diabetic group
was
3.53 ± 1.38ng/ml, which was found
significantly lower than control group with serum
total testosterone level 5.81 ± 2.42ng/ml, (p-value =
0.000).

controls has been made. The mean age in diabetic
men was 46.20 ± 7.17 years whereas that of control
group were aged 45.83± 6.47years, which was not
significantly different (p=0.836) i.e. the two groups
taken for study were comparable with respect to age,
as shown in [Table 1& Figure 1.1]. In our study,
BMI of diabetic group of patients was 25.93±
3.36kg/m2 , which was significantly higher than
control group BMI 24.10± 3.31 kg/m2 (p-value=
0.038), as shown in [Table 1 & Figure 1.2].
The fasting plasma glucose of diabetic group was
205.33 ± 81.21mg/dl, and for control group it was
found to be 85.10 ± 14.38mg/dl. The fasting plasma
glucose of diabetic group was significantly higher
than control group (p-value=0.000), as shown in
[Table 1 & Figure 1.3]. The level of HbA1c in
diabetic patients was 8.01 ± 2.03%, which was
significantly higher than control group 4.64 ± 0.52 %
(p- value = 0.000), as shown in [Table 1 & Figure
1.4].
Most importantly, 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 total testosterone level of
diabetic group was significantly lower than that non
diabetic control group (p-value = 0.000).
The mean of serum total testosterone of diabetic
group was found 3.53 ± 1.38 ng/ml and serum total
testosterone of non-diabetic control group was 5.81
± 2.42ng/ml, as shown in [Table 2 & Figure 2].
Therefore, we concluded that the lower serum total
testosterone levels were found in patients of type 2
diabetes mellitus when compared with non-diabetic
control. Moreover, in our study , out of 30 diabetic
patients, 13 patients i.e. about 43% had lower level
of serum total testosterone when compared from the
reference range (<3ng/ml).

Figure 2: Comparison of Serum Total Testosterone
levels between study groups

DISCUSSION
In our present study, 60 males, among them 30 male
patients diagnosed as type 2 diabetes mellitus and 30
non diabetic males as controls, of age group 35-55
years, who attended the OPD of Teerthanker
Mahaveer Medical College & Research Centre,
Moradabad, were taken. Both control group and
diabetic subjects were well matched with age.
In the present study, comparison of different
parameters between diabetics and non-diabetic

Figure 3: Graphical representation showing % of
occurrence of lower serum total testosterone level in
Diabetic Patients

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.[5]
Ding et al. conducted a meta-analysis which
included 3825 men and confirmed that there was
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higher prevalence of lower level of serum
testosterone in type 2 Diabetic men.[6]
Oh et al. Also showed a reciprocal relationship
between serum total testosterone and type 2 diabetes
mellitus.[7]
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/liter).[8]
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.[9]
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.[10]
However, strong evidence may be considered which
showed that low testosterone levels resulted in
increased insulin resistance in males suffering from
prostate cancer, receiving androgen deprivation
therapy (ADT), it was seen that over 12 months of
ADT resulted in decreased muscle mass by 2.7-3.6
% and gained fat mass by 9-14% resulting in
increased insulin resistance.[11,12] Similarly, Yanase
et al. have provided experimental evidence that
included neuron specific insulin receptor knockout
(NIRKO) mice with a specific knockout of the
insulin receptor in neuron exhibit hypogonadotropic
hypogonadism. The plasma levels of LH were found
to be decreased in NIRKO mice as compared with
that of controls. Further, these mice were injected
with lupron, which is a GnRH receptor agonist, they
found a increase in LH levels as compared with
control mice.[13,14,15]
Karsenty’s group recently shown in their research
works that in male mice, skeleton may acts as a
regulator of metabolism of glucose and testosterone.
It was seen that osteocalcin, which is an osteoblast
secreted molecule, stimulated testosterone secretion
by testes by binding to a G- protein coupled receptor
on Leydig cells, hence decreasing insulin resistance.
Moreover, lower levels of osteocalcin may believe to
cause increased insulin resistance, fasting glucose
and metabolic syndrome.[16,17]
Marin et al. reported firstly that the testosterone
replacement therapy improved insulin resistance
therefore will improve the status of diabetes
mellitus.[18]
However, experimental evidence, in mouse models
has suggested that in vitro, testosterone encourage
discrimination of pluripotent stem cells to myogenic
lineage but through androgen receptor (AR)
mediated pathway, control their commitment into
adipocytes. These results have shown that the
testosterone therapy in men results in lowering of fat

mass and rise in muscle mass, these results may be
likely to decline the insulin resistance.[19]
Furthermore, it was instituted that testosterone
decreases insulin resistance by regulating mature
adipocytes and myocytes, testosterone may lower
lipoprotein lipase activity and trigylceride uptake in
human adipose tissue in vivo, and increase lipolysis
in vitro induced by catecholamines.[20]
Recently, micro assay studies in mice were
conducted, which have shown that testosterone may
have a major role in the regulating skeletal muscle
genes involved in metabolism of glucose, thus it
might be expected to decrease insulin resistance.[21]

CONCLUSION
This study has shown that there is a significant
reduction in serum total testosterone levels in type 2
diabetes mellitus patients.. As low serum total
testosterone levels are found in type 2 diabetes
mellitus patients, this may highlight requirement of
urgent implementation of screening programs, in
order to detect testosterone deficiency in all type 2
diabetes mellitus male patients at an early stage and
to supplement testosterone accordingly.
Acknowledgement
I would like to thanks entire Department of
Biochemistry, TMMC & RC for their kind support
and cooperation.

REFERENCES
1. Boyanov M.A, Boneva Z, Christov V.G. “Testosterone Supplementation in Men with Type 2 Diabetes, Visceral Obesity
and Partial Androgen Deficiency” Aging Male; 2003; Vol. 6;
page 1–7.
2. Kalyani RR, Dobs AS. “Androgen deficiency, diabetes and
the metabolic syndrome in men” Curr Opin Endocrinol
Diabetes Obes; 2007; Vol. 14; page 226-234.
3. Corona G, Mannucci E, Petrone L, Ricca V, et al.
“Association of hypogonadism and type II diabetes in men
attending an outpatient erectile dysfunction clinic”. Int J Impot
Res; 2006; Rev. 18; page 190-197.
4. Verma Sachin, Saxena Sk , et al. “ Serum testosterone level in
type 2 diabetes mellitus” Journal, Indian Academy of Clinical
Medicine; 2013; Vol. 14, No. 2; page 115-16.
5. Yeap BB, Alfonso H, Chubb SA, Handelsman DJ, Hankey
GJ, Norman PE & Flicker L “A Reference ranges and
determinants of testosterone, dihydrotestosterone, and
estradiol levels measured using liquid chromatography–
tandem mass spectrometry in a population-based cohort of
older men” Journal of Clinical Endocrinology and
Metabolism; 2012; Rev. 97; page 4030–4039.
6. Ding EL, Song Y, Malik VS, Liu S. “Sex differences of
endogenous sex hormones and risk of type 2 diabetes: a
systematic review and meta-analysis”. JAMA; 2006; Vol. 295;
page 1288–1299.
7. Oh J.Y., Barrett-Connor E., Wedick N.M., Wingard D.L.
“Endogenous sex hormones and the development of type 2
diabetes in older men and women: the Rancho Bernardo
Study.”, Diabetes Care; 2002; Rev. 25; page 55–60.

Annals of International Medical and Dental Research, Vol (3), Issue (4)

Page 4

Section: Biochemistry

Trivedi & Kapoor; Serum Total Testosterone Levels in Type 2 Diabetes Mellitus

8. Corona G , Monami M , Rastrelli G , Aversa A , Sforza A ,
Lenzi A , Forti G , Mannucci E , Maggi M “Type 2 diabetes
mellitus and testosterone: a meta-analysis study.” Int J Androl;
2010.
9. Kupelian V., Page S.T., Araujo A.B., Travison T.G., Bremner
W.J., McKinlay J.B. () “Low sex hormone-binding globulin,
total testosterone, and symptomatic androgen deficiency are
associated with development of the metabolic syndrome in
nonobese men.” J Clin Endocrinol Metab; 2006; Rev.91;
page843–850.
10. Yialamas MA, Dwyer AA, et al. “Acute sex steroid
withdrawal reduces insulin sensitivity in healthy men with
idiopathic hypogonadotropic hypogonadism”, Journal of
Clinical Endocrinology and Metabolism; 2007; Rev. 92; page
4254–4259.
11. Smith MR , Finkelstein JS , McGovern FJ , Zietman AL ,
Fallon MA , Schoenfeld DA , Kantoff PW “Changes in body
composition during androgen deprivation therapy for prostate
cancer”, J Clin Endocrinol Metab; 2002; Rev. 87; page 599–
603.
12. Hamilton EJ , Gianatti E , Strauss BJ , Wentworth J , LimJoon D , Bolton D , Zajac JD , Grossmann M “Increase in
visceral and subcutaneous abdominal fat in men with prostate
cancer treated with androgen deprivation therapy”, Clin
Endocrinol (Oxf); 2011; Rev.74; page 377–383.
13. Sato T , Matsumoto T , Yamada T , Watanabe T , Kawano H ,
Kato S “Late onset of obesity in male androgen receptordeficient (AR KO) mice” Biochem Biophys Res Commun;
2003; Rev. 300; page 167–171.
14. Fan W , Yanase T , Nomura M , Okabe T , Goto K , Sato T ,
Kawano H , Kato S , Nawata H “Androgen receptor null male
mice develop late-onset obesity caused by decreased energy
expenditure and lipolytic activity but show normal insulin
sensitivity with high adiponectin secretion”, Diabetes; 2005;
Rev. 54; page 1000–1008.
15. Notini AJ , Davey RA , McManus JF , Bate KL , Zajac JD
“Genomic actions of the androgen receptor are required for
normal male sexual differentiation in a mouse model”, J Mol
Endocrinol; 2005; Rev. 35; page 547–555.
16. Lee NK , Sowa H , Hinoi E , Ferron M , Ahn JD , Confavreux
C , Dacquin R , Mee PJ , McKee MD , Jung DY , Zhang Z ,
Kim JK , Mauvais-Jarvis F , Ducy P , Karsenty G “Endocrine
regulation of energy metabolism by the skeleton”, Cell; 2007
Rev.130; page 456–469.
17. Oury F , Sumara G , Sumara O , Ferron M , Chang H , Smith
CE , Hermo L , Suarez S , Roth BL , Ducy P , Karsenty G
“Endocrine regulation of male fertility by the skeleton”, Cell;
2011; Rev.144; page 796–809.
18. Mårin P, Holmäng S, Gustafsson C, et al. “Androgen
treatment of abdominally obese men”, Obes Res; 1993; Vol.
1; page 245–251.
19. Singh R , Artaza JN , Taylor WE , Gonzalez-Cadavid NF ,
Bhasin S “Androgens stimulate myogenic differentiation and
inhibit adipogenesis in C3H 10T1/2 pluripotent cells through
an androgen receptor-mediated pathway”, Endocrinology;
2003; Rev.144; page 5081–5088.
20. Xu XF, De Pergola G , Björntorp P “Testosterone increases
lipolysis and the number of β-adrenoceptors in male rat
adipocytes”, Endocrinology; 1991; Rev.128; page 379–382.
21. Haren MT , Siddiqui AM , Armbrecht HJ , Kevorkian RT ,
Kim MJ , Haas MJ , Mazza A , Kumar VB , Green M , Banks
WA , Morley JE “Testosterone modulates gene expression
pathways regulating nutrient accumulation, glucose
metabolism and protein turnover in mouse skeletal muscle”,
Int J Androl; 2011; Rev.34; page 55–68.

How to cite this article: Trivedi J, Kapoor S. A Study of
Serum Total Testosterone Levels in Type 2 Diabetes
Mellitus Male Patients. Ann. Int. Med. Den. Res. 2017;
3(4):BC01-BC05.
Source of Support: Nil, Conﬂict of Interest: None declared

Annals of International Medical and Dental Research, Vol (3), Issue (4)

Page 5

Section: Biochemistry

Trivedi & Kapoor; Serum Total Testosterone Levels in Type 2 Diabetes Mellitus

