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ABSTRACT

The objective of this study is to study association between testosterone and diabetes
in Kashmiri males. A total of 300 males with Type 2 diabetes visited an
outpatient and inpatient clinic at Shri Maharaja Hari Singh (SMHS) hospital, Srinagar, J&K India.
The blood sugar and HbA1c, which are the markers of diabetes, and sérum testosterone levels
were measured. The blood samples from both the cases and controls were collected. Out
of 300 subjects, 42% had a testosterone deficiency. A relationship between type 2 diabetic males
and healthy males was observed, and testosterone levels were determined to be significantly lower
among diabetic males (p < 0.001) when compared to healthy males. Then, we compared diabetic
markers among testosterone deficient and normal testosterone level groups; the mean fasting
plasma glucose (p = 0.0019) and glycated haemoglobin (HbA1c; p = 0.0449) levels were significantly
higher in the testosterone deficient group than in the control group. To elucidate the relationship
between the serum total testosterone level and fasting plasma glucose and HbA1c values, Pearson’s
correlation test was performed. Fasting plasma glucose levels (r = -0.252, p = 0.001) and HbA1c
values (r=-0.697, p = 0.001) showed a significant negative correlation with serum testosterone levels
among diabetic males. This study shows that diabetes causes low testosterone levels
among males, and lower testosterone levels can act as a marker for diabetes. Thus, with timely
intervention, mortality and co-morbidity associated with diabetes can be prevented. Arch Endocrinol
Metab. 2020;64(5):528-32
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is defined “as a clinical syndrome associated with
biochemical evidence of testosterone deficiency”, and

Diabctes mellitus is considered to be the epidemic
of the 21st century, which affected more than 422
million people in 2014. According to the International
Diabetes Federation (IDF), 463 million people
are diabetic worldwide, and 1 in 2 adults remains
undiagnosed (1). Among various types of diabetes,
Type-2 diabetes mellitus (T2DM) is most prevalent; it
affects approximately 5.9% of the world’s population.
In India, which is the diabetic capital of the world, it
has been reported that approximately 62.4 and 77.2
million people are diabetic and prediabetic, respectively
(2). Various studies have revealed a connection between
male hypogonadism and diabetes (3,4). Hypogonadism
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it usually remains undiagnosed (5,6). A Massachusetts
male aging study has reported that 75 out of 100
males with diabetes have low testosterone levels. These
males are at a risk of developing ED (7). Numerous
studies have observed lower testosterone levels in men
(hypogonadism) with T2DM (8). In 2011, a study
on 1292 middle-aged and old men in England have
determined that both sex hormone binding globulin
levels and testosterone were linked with hyperglycaemia
(1). Similarly, numerous studies have observed lower
levels of testosterone in diabetic men compared with
healthy controls (2).
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factor for
developing this type of diabetes, which is also caused
by central obesity and previously upper abdominal
adiposity (9,10). Many studies have shown an inverse
relation between free testosterone and the degree of
obesity, which means that low levels of testosterone
are observed among obese males (11,12). It is known

Insulin resistance is the main risk

that obesity causes the conversion of testosterone
to estradiol by enzyme aromatase, which further
lowers testosterone levels (13). A previous study on
diabetic males has reported that an antidiabetic drug
rosiglitazone increases testosterone levels (14). In
fact, testosterone replacement in people with diabetes
and hypogonadism improves insulin sensitivity and
glucose homeostasis (15-17). However, some studies
have reported that testosterone administration does
not affect blood sugar control among hypogonadic
diabetic patients (18,19). Glycosylated haemoglobin
(HbA1C), which is a measure of hyperglycaemia, IR,
and HDbAIC are correlated with atherosclerosis and
coronary heart disease in men. However, it is not
known whether low testosterone levels are the source
or consequence of developing diabetes or metabolic
syndrome (Figure 1).

High obesity
High insulin resistance v T v High blood sugar

Low testosterone
levels N
High lipid levels High blood pressure

Figure 1. Effect of low testosterone levels on various systems in the body.

Therefore, we studied the prevalence of testosterone
deficiency in subjects with type 2 diabetes and assessed
the relationship between testosterone deficiency and
diabetic markers to understand the role of diabetes on
lowering testosterone levels among males. Thus, by
accessing testosterone levels prior to the development
of diabetes, it may be possible to reduce the risk of
developing this disease and provide timely intervention
to decrease comorbidity.

SUBJECTS AND METHODS

We performed the study at the Department of
Biochemistry, Government Medical College Srinagar.
The participants were 20-60-year-old men who came
in for a hormone profile investigation or a diabetic
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check-up at the outpatient department (OPD)/
inpatient department (IPD) at the Shri Maharaja Hari
Singh hospital (SMHS), Srinagar. The cases were
confirmed by senior endocrinologist. Approximately
300 samples were collected over the period of 2 years. A
proper informed consent both in English and vernacular
languages was obtained from the participants. All ethical
guidelines were taken into consideration. The study was
approved by the Departmental Ethical Committee of
Government Medical College Srinagar vide No: Bio/
GMC/2241A/2017 dated: 11-11-2017.

Inclusion criteria: 1. Diabetic 20-60-year-old males;
2. Males from the Kashmir valley.

Exclusion criteria: 1. Non-diabetic males; 2. Males
older than 60 years of age; 3. Males of non-Kashmiri
origin.

A total of 310 healthy males were used as controls.
A proper questionnaire was formulated, which included
anthropometric parameters [e.g., weight, height, body
massindex (BMI), waist-hip ratio (WHR) ], biochemical
parameters [e.g., fasting blood sugar (FBS), post
prandial (PP), lipid profile, insulin levels, HbA1C), and
hormone profile, which mainly includes testosterone
levels. Other factors (e.g., baldness, decrease in sexual
desire, erectile dysfunction, and physical activity
duration) were taken into consideration. Height,
weight, and waist circumference were measured in
standing subjects wearing light clothing without shoes;
waist was measured at the umbilical line according
to a written protocol. BMI (kg/m?) was calculated.
The waist-hip ratio (WHR) was used as an integrated
measure of obesity and fat distribution.

Patients who came in for a normal routine check-
up and whose HbAlc and testosterone levels were
normal were used as controls. Males suffering from any
other disease, which affects their hormone profile, were
excluded from the study.

In the morning, fasting blood samples were taken
from both the cases and controls in both heparinized
and non-heparinized vials. Hormone profile was
obtained by an automated electrochemiluminescence
immunoassay analyser (ECLIA) (Abbot); a semi-
automated analyser (Siemens) was used for normal
biochemical investigations.

The obtained data were analysed using the Graph :
pad prism. The values were expressed as the mean =+

standard deviation (SD) and assessed using Student’s

t-test (independent and unpaired). Pearson’s ©
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correlation coefficient was used to determine the
correlation between serum testosterone with FPS
and HbAlc. All statistical tests were two-tailed with
statistical significance defined as p < 0.001.

RESULTS

The anthropometric characteristics of both the cases and
controls are shown in Table 1. Significant differences
were observed between BMI, WHR, systolic blood
pressure (SBP), and diastolic blood pressure (DBP)
when cases were compared with the control group. The
mean age of participants was 52 years old; the mean
BMI, SBP, and DBP were 26 kg/m?, 146 mmHg, and
88 mmHg, respectively.

Table 1. Anthropometric characteristics of diabetic cases and controls

Parameters Cases (n = 300) Controls (n=310) P value
Age (years) 52 + 11 50 + 15 --

BMI (kg/m?) 26 + 3 20+ 4 <0.0001
SBP (mmHg) 146 + 17 116 £ 16 <0.0001
DBP (mmHg) 88 =14 77+9 <0.0001
WHR (cm?) 11204 0.8+0.1 <0.0001

Table 2 shows the baseline characteristics between
the cases (diabetic) and healthy individuals; highly
significant (p) differences were observed (p < 0.0001).
The mean levels of fasting plasma glucose, HbAlc, and
serum insulin were 139.0 mg/dL, 8%, and 9 ulU/mL,
respectively. The mean level of total testosterone was
determined to be 3.9 ng/mL, which was lower than
that in the normal control group and was statistically
significant (p < 0.0001).

Table 2. Baseline characteristics of the cases and controls

Parameters Cases (n=300) Controls (n=310) P value
FBS (mg/dL) 139 +21.2 95+ 18 <0.0001
PP (mg/dL) 264 + 46 139+9 <0.0001
Insulin (IU/mL) 9+1.0 12215 <0.0001
HbA1C % 8+25 52+15 <0.0001
Testosterone (ng/mL) 39+12 6+25 <0.0001

Depending upon serum testosterone levels, diabetic
males were further categorized into testosterone
deficient and normal testosterone level groups. The
percentage of testosterone deficient diabetic males
was determined to be 42%. The parameters related
to glycaemic control (i.c., fasting plasma glucose and
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HbAlc) were determined to be significantly higher in
the testosterone deficient group compared with the
normal testosterone diabetic group (p < 0.05). In the
testosterone deficient group, the mean SBP and DBP
were 138 mmHg and 82 mmHg, respectively (Table 3).
The mean levels of fasting plasma glucose and HbAlc
were 145 mg/dL, 9.2%, and 9 plU/mL, respectively
(Table 3).

Table 3. Baseline characteristics among testosterone deficient and
normal groups

L def-{:isetl?ts :ﬁr:nf 26) noTrenf;ﬁ:le:):gn ULl
FPG (mg/dL) 145+ 35 135+ 20 0.0019
HOA1C% 92425 87+18 0.0449
SBP (mmHg) 138 +12.2 13310 <0.0001
DBP (mmHg) 82+ 13 79+10 0.0246

Figures 2 and 3 show the scatter diagrams of
the serum total testosterone level, fasting plasma
glucose (FPG), and glycated haemoglobin (HbAlc).
Subsequently, Pearson’s correlation coefficients
were calculated to evaluate the relationship between
fasting plasma glucose, HbAlc, and serum total
testosterone values. Figure 2 shows that Pearson’s
correlation coefficient (r) between total testosterone
and fasting plasma glucose levels was -0.252, and
the P value was >0.005 (significant). Pearson’s
correlation coefficient (r) between total testosterone
and HbAlc levels was -0.697, and the P value was

>0.0001 (Figure 3).
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Figure 2. Representative figure showing the correlation between FPG and
serum total testosterone among diabetic patients.
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Figure 3. Representative figure showing the correlation between HbA1c%
and serum total testosterone among diabetic patients.

DISCUSSION

In many studies, low testosterone levels are determined
to be associated with the high prevalence of MetS (20-
22). MetS includes a cluster of diseases such as Type 2
diabetes mellitus. A change in the serum testosterone
level among males causes insulin resistance, obesity,
high blood pressure, and the presence of MetS; reverse
may be also possible. In a study, which included 651
Finnish males, MetS and lower testosterone levels were
observed (23). Ina study among Korean population, the
prevalence of testosterone deficiency was determined to
be 34.9% among diabetic males (24).

In this study, we observed that the serum
testosterone levels were negatively correlated with
fasting plasma glucose levels and HbAlc values, which
was consistent with other studies.

In previous studies, serum testosterone levels were
negatively correlated with fasting plasma glucose levels,
HbAlc values, and insulin sensitivity (23,25,26).
Insulin resistance among males was determined to
be associated with lower testosterone levels. Previous
studies have demonstrated that insulin resistance was
associated with low serum testosterone levels in men
because testosterone controls the glycogen synthesis
system in muscle (27-29). Mortality is another outcome,
which is affected by the serum testosterone level. Low
serum testosterone levels, including both serum total
and free testosterone, were determined to be associated
with increased mortality among 858 old males (30). It
can be suggested that glycaemic control may modulate
testosterone levels by either affecting glycogen synthesis
or hypogonadism among diabetic men; this process is
related to kisspeptin (a neuropeptide), which has been
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observed to be down-regulated with hyperglycaemia
in various animal studies (31). In fact, kisspeptin
administration among hypogonadic males increased
the secretion of luteinizing hormone (LH), which
also increased endogenous testosterone secretion.
These studies relate hypogonadotropic hypogonadism
and diabetes (32-35). Heufelder and cols. (36)
have proposed the beneficial effects of testosterone
administration on insulin resistance in patients with
diabetes.

However, some studies have shown contradictory
positive between  total
testosterone levels and HbAlc levels but no correlation

results, i.c., correlation

with fasting plasma glucose (37).

Limitation

The study was a single hospital-based study, and the
number of participants is not representative of Kashmiri
male population. In addition, in this study, free
testosterone and bioavailable testosterone levels are
not accessed. Thus, further studies are required with a
larger sample size to establish the role of testosterone
on the glycaemic status of male patients with type 2
diabetes mellitus.

In conclusion, this study suggests that lowered
testosterone levels can considerably increase the
risk of T2DM among males. Variations in the serum
testosterone levels can be used as a biomarker to assess
the progression of T2DM. In addition, testosterone
supplementation should be considered to improve
clinical outcomes among diabetic men.

Acknowledgements: we would like to acknowledge the entire
Department of Biochemistry and technical staff, especially Mr.
Zahoor Ahmad from the Government Medical College Srinagar
and associated hospital SMHS for their kind support and
cooperation.

Disclosure: no potential conflict of interest relevant to this article
was reported.

REFERENCES

1. International Diabetes Federation. IDF Diabetes Atlas. 9th ed.
Brussels: IDF; 2019.

2. Anjana RM, Pradeepa R, Deepa M, Datta M, SudhaV, Unnikrishnan
R, et al. Prevalence of diabetes and prediabetes (impaired fasting
glucose and/or impaired glucose tolerance) in urban and rural
India: Phase | results of the Indian Council of Medical Research-
INdia DIABetes (ICMR-INDIAB) study. Diabetologia. 2011;54:3022-7.

3. Brand JS, Wareham NJ, Dowsett M, Folkerd E, van der Schouw

YT, Luben RN, et al. Associations of endogenous testosterone and «

531

hts reserved

pyright® AE&M all rig



Copyright® AE&M all rights reserved

Lowering of testosterone levels in Kashmiri males

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

532

SHBG with glycated haemoglobin in middle-aged and older men.
Clin Endocrinol (Oxf). 2011;74:572-8.

Anjana RM, Pradeepa R, Deepa M, Datta M, SudhaV, Unnikrishnan
R, et al. Prevalence of diabetes and prediabetes (impaired fasting
glucose and/or impaired glucose tolerance) in urban and rural
India: Phase | results of the Indian Council of Medical Research-
India Diabetes (ICMR-INDIAB) study. Diabetologia. 2011;54:3022-7.
Jones TH. Clinical awareness and diagnosis of male
hypogonadism. J Mens Health. 2008b;5:526-34.

Jones TH. Testosterone Deficiency in Men. Oxford, United
Kingdom: Oxford University Press; 2008.

Stellato RK, Feldman HA, Hamdy O, Horton ES, McKinlay
JB. Testosterone, sex hormone-binding globulin, and the
development of type 2 diabetes in middle-aged men: prospective
results from the Massachusetts male aging study. Diabetes Care.
2000;23:490-4.

Dhindsa S, Miller MG, McWhirter CL, Mager DE, Ghanim H,
Chaudhuri A, et al. Testosterone concentrations in diabetic and
nondiabetic obese men. Diabetes Care. 2010;33:1186-92.

Haffner SM. Sex hormones, obesity, fat distribution, type 2 diabetes
and insulin resistance: epidemiological and clinical correlation. Int
J Obes Relat Metab Disord. 2000;24(Suppl 2):S56-8.

Laaksonen DE, Niskanen L, Punnonen K, Nyyssonen K,
Tuomainen TP, Salonen R, et al. Sex hormones, inflammation
and the metabolic syndrome: a population-based study. Eur J
Endocrinol. 2003;149:601-8.

Kapoor D, Clarke S, Channer KS, Jones TH. Erectile dysfunction
is associated with low bioactive testosterone levels and visceral
adiposity in men with type 2 diabetes. Int J Androl. 2007;30:500-7.
Kapoor D, Aldred H, Clark S, Channer KS, Jones TH. Clinical and
biochemical assessment of hypogonadism in men with type 2
diabetes: Correlations with bioavailable testosterone and visceral
adiposity. Diabetes Care. 2007;30:911-7.

Dhindsa S, Miller MG, McWhirter CL, Mager DE, Ghanim H,
Chaudhuri A, et al. Testosterone concentrations in diabetic and
nondiabetic obese men. Diabetes Care. 2010;33:1186-92.

Kapoor D, Channer KS, Jones TH. Rosiglitazone increases
bioactive testosterone and reduces waist circumference in
hypogonadal men with type 2 diabetes. Diab Vasc Dis Res.
2008;5:135-7.

Kapoor D, Goodwin E, Channer KS, Jones TH. Testosterone
replacement therapy improves insulin resistance, glycaemic
control, visceral adiposity and hypercholesterolaemia in
hypogonadal men with type 2 diabetes. Eur J Endocrinol.
2006;154:899-906.

Marin P, Holmang S, Jonsson L, Sjostrom L, Kvist H, Holm
G, Lindstedt G, Bjorntorp P, et al. The effects of testosterone
treatment on body composition and metabolism in middle-aged
obese men. Int J Obes Relat Metab Disord. 1992;16:991-7.
Boyanov MA, Boneva Z, Christov VG. Testosterone
supplementation in men with type 2 diabetes, visceral obesity
and partial androgen deficiency. Aging Male. 2003;6:1-7

Lee CH, Kuo SW, HungYJ, Hsieh CH, He CT, Yang TC, et al. The
effect of testosterone supplement on insulin sensitivity, glucose
effectiveness, and acute insulin response after glucose load in
male type 2 diabetics. Endocr Res. 2005;31:139-48.

Basu R, Dalla Man C, Campioni M, Basu A, Nair KS, Jensen MD,
et al. Effect of 2 years of testosterone replacement on insulin
secretion, insulin action, glucose effectiveness, hepatic insulin
clearance, and postprandial glucose turnover in elderly men.
Diabetes Care. 2007;30:1972-8.

Kupelian V, Hayes FJ, Link CL, Rosen R, McKinlay JB. Inverse
association of testosterone and the metabolic syndrome in men

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37

is consistent across race and ethnic groups. J Clin Endocrinol
Metab. 2008;93:3403-10.

Brand JS, van der Tweel |, Grobbee DE, Emmelot-Vonk MH, van
der Schouw YT. Testosterone, sex hormone-binding globulin and
the metabolic syndrome: a systematic review and meta-analysis
of observational studies. Int J Epidemiol. 2011;40:189-207.
Corona G, Monami M, Rastrelli G, Aversa A, Tishova, Saad F, et
al. Testosterone and metabolic syndrome: a meta-analysis study.
J Sex Med. 2011;8:272-83.

Laaksonen DE, Niskanen L, Punnonen K, Nyyssdnen K, Tuomainen
TP, Valkonen VP, et al. The metabolic syndrome and smoking in
relation to hypogonadism in middle-aged men: a prospective
cohort study. J Clin Endocrinol Metab. 2005;90:712-9.

Kim JS, Kim BS, Jeon JY, Choi YJ, Chung YS. Testosterone
Deficiency Associated with Poor Glycemic Control in Korean
Male Diabetics. Endocrinol Metab (Seoul). 2014;29(3):300-6.
Fukui M, Soh J, Tanaka M, Kitagawa Y, Hasegawa G, Yoshikawa T,
et al. Low serum testosterone concentration in middle-aged men
with type 2 diabetes. Endocr J. 2007;54:871-7.

Pitteloud N, Mootha VK, Dwyer AA, Hardin M, Lee H, Eriksson
KF, et al. Relationship between testosterone levels, insulin
sensitivity, and mitochondrial function in men. Diabetes Care.
2005;28:1636-42.

Holmang A, Svedberg J, Jennische E, Bjorntorp P. Effects of
testosterone on muscle insulin sensitivity and morphology in
female rats. Am J Physiol. 1990;259(4 Pt 1):E555-60.

Holmang A, Larsson BM, Brzezinska Z, Bjorntorp P. Effects
of short-term testosterone exposure on insulin sensitivity of
muscles in female rats. Am J Physiol. 1992;262(6 Pt 1):E851-5.
Holmang A, Bjorntorp P. The effects of cortisol on insulin
sensitivity in muscle. Acta Physiol Scand. 1992;144:425-31.
Shores MM, Matsumoto AM, Sloan KL, Kivlahan DR. Low serum
testosterone and mortality in male veterans. Arch Intern Med.
2006;166:1660-5.

Castellano JM, Navarro VM, Fernandez-Fernandez R, Roa J,
Vigo E, Pineda R, et al. Expression of hypothalamic KiSS-1
system and rescue of defective gonadotropic responses by
kisspeptin in streptozotocin-induced diabetic male rats. Diabetes.
2006;55:2602-10.

Kapoor D, Aldred H, Clark S, Channer KS, Jones TH. Clinical and
biochemical assessment of hypogonadism in men with type 2
diabetes: correlations with bioavailable testosterone and visceral
adiposity. Diabetes Care. 2007;30:911-7.

Rhoden EL, Ribeiro EP, Teloken C, Souto CA. Diabetes mellitus is
associated with subnormal serum levels of free testosterone in
men. BJU Int. 2005;96:867-70.

Grossmann M, Thomas MC, Panagiotopoulos S, Sharpe K,
Macisaac RJ, Clarke S, et al. Low testosterone levels are common
and associated with insulin resistance in men with diabetes. J
Clin Endocrinol Metab. 2008;93:1834-40.

Corona G, Mannucci E, Petrone L, RiccaV, Balercia G, Mansani R,
et al. Association of hypogonadism and type Il diabetes in men
attending an outpatient erectile dysfunction clinic. Int J Impot
Res. 2006;18:190-7.

Heufelder AE, Saad F Bunck MC, Gooren L. Fifty-two-week
treatment with diet and exercise plus transdermal testosterone
reverses the metabolic syndrome and improves glycemic control
in men with newly diagnosed type 2 diabetes and subnormal
plasma testosterone. J Androl. 2009;30:726-33.

Corrales JJ, Burgo RM, Garca-Berrocal B, Almeida M, Alberca |,
Gonzalez-Buitrago JM, et al. Partial androgen deficiency in aging
type 2 diabetic men and its relationship to glycemic control.
Metabolism. 2004;53:666-72.

Arch Endocrinol Metab. 2020;64/5



