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Abstract:  Both obesity and type 2 diabetes mellitus (T2DM) are independently associated with reduced serum testosterone. The 
additive effect of obesity and T2DM on reducing testosterone levels need to be investigated. Their combined additive effects may 
place obese T2DM patients at higher risk of decreased testosterone and the associated increased morbidity and mortality. The aim 
of this study was to screen obese T2DM patients for biochemical hypogonadism regardless of the presence of overt clinical 
symptoms to consider testosterone replacement therapy.  152 adult male aged 40 to 68 years with T2DM were recruited through 
simple random sampling. The study participants were grouped based on their BMI into lean (n=48); overweight (n=57), obese 
(n=37) and morbidly obese (n=11). Total serum testosterone (TST), BMI and waist circumference (WC) were measured in all 
patients and luteinizing hormone (LH) was measured in 103 of them. Low TST was defined as TST<9nmol/L and the normal range 
for LH was 1.7-11.2mIU/ml. Mean TST in lean T2DM patients was 15.61± 6.0 nmol/l. TST levels were significantly lower in obese 
and morbidly obese groups compared with the lean group (P=0.003 and 0.015 respectively). TST negatively correlated with BMI 
(r= -0.29, P<0.001) and WC (r= -0.21, P<0.009). Overall, 19.7% of T2DM patients had low TST. The prevalence of low TST 
increased from 14.9% in lean, to 21.1% in overweight, to 21.6% in obese, to 27.3% in morbidly obese T2DM patients, (P=0.74). LH 
was inappropriately normal in 95% (19/20) of patients with low TST. Obese T2DM patients had reduced TST levels and a higher 
prevalence of reduced TST compared to lean patients. TST negatively correlated with BMI and WC. Therefore, screening obese 
T2DM patients for testosterone deficiency should be considered. 
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1. INTRODUCTION 

 
World prevalence of diabetes mellitus among adults aged 20 
to 79 years is expected to increase to 7.7% by 20301. The 
prevalence in Sudan has been reported to increase since 
1996 to reach 18.7%. 2 Type 2 diabetes mellitus (T2DM) is 
the commonest form of diabetes, accounting for more than 
90% of diabetic patients in Africa.3 Studies have shown that 
men with T2DM, have significantly lower levels of 
testosterone compared with age matched non-diabetics or 
with patients with type one diabetes mellitus (T1DM).4,5 It 
has been noted that reduced testosterone (TST) was also 
related to obesity and metabolic syndrome in males.6,7 
Obesity reduces testosterone level possibly through 
increased adipose tissue production of estradiol. Estradiol 
acts centrally to inhibit the secretion of GnRH and LH 
leading to a state of hypogonadotropic 
hypogonadism.8,9Nevertheless, in male patients with T2DM 
and low testosterone levels, estrogen levels were also 
reduced which suggest that this mechanism might not apply 
to hypogonadism in these patients.10Another mechanism by 
which obesity can reduce testosterone level is through the 
increased production of adipocytokines which may 
contributes to the reduction of testicular function in obese 
men through suppression of hypothalamic GnRH secretion.11 

Leptin also bind directly to its receptors on testicular Leydig 
cells and inhibit testosterone production.12Obesity decreases 
testosterone levels and low testosterone levels promote the 
development of obesity and increase visceral fat deposition, a 
bidirectional causative interaction that resulted in a well-
documented negative correlation of testosterone with 
obesity.13Reduced testosterone in patients with T2DM might 
be a consequence of obesity related mechanisms.14,Other 
suggested pathological mechanisms include the effect of 
insulin resistance and hyperinsulinemia on decreasing sex 
hormone binding globulin (SHBG) hepatic synthesis and on 
inhibiting the hypothalamic pituitary axis.15,16 From the above 
review, both obesity and T2DM are independently associated 
with reduced serum testosterone. Hence, obesity and T2DM 
may have an additive effect on reducing testosterone levels. 
Their combined additive effects in obese T2DM patients 
place them at higher risk of decreased testosterone and the 
associated increased morbidity and mortality. Moreover, the 
nature of their complicated bidirectional causative interaction 
generates a continuous positive feedback loop. Therefore, it 
might be justified to screen obese T2DM patients for 
biochemical hypogonadism regardless of the presence of 
overt clinical symptoms to consider testosterone 
replacement therapy which is the aim of this study. In this 
study we investigated the association of increased BMI and 
visceral fat with TST in Sudanese patients with T2DM to 
estimate the combined effect of overweight and obesity on 
TST. The study also investigated whether reduction in 
testosterone was related to central inhibition of 
hypothalamic function or a primary testicular dysfunction by 
simultaneous assessment of serum LH level.  
 

2. MATERIALS AND METHODS 
 
The study was conducted during the period between Feb to 
May 2019. Ethical approval was obtained from the Research 
Ethics Committee of university of Khartoum With the 
reference number FM/DO/EC and permission was obtained 
from the Ministry of Health, Khartoum state. Participants 
were T2DM patients recruited from Jabir Abu Eliz Diabetic 
Center, Khartoum State. Inclusion criteria wereT2DM male 
patients, age 40 to 70 years old (common age of T2DM), 
duration of T2DM more than 2 years, and signed written 
informed consent to participate. Male patients on insulin; 
receiving hormonal replacement therapy, opioids or 
glucocorticoid and known to have liver disease, prostate 
cancer or endocrinological abnormality were excluded. 
Simple random sampling was used in sampling method. All 
patients signed an informed written consent form. Patients 
were recruited into four groups based on their BMI: lean 
(BMI= 18-24.9kg/m2); overweigh (BMI= 25-29.9kg/m2), obese 
(BMI 30–34.9kg/m2) and morbid obesity (BMI ≥ 35Kg/m2). 
After obtaining personal and clinical history, the patient's 
height and weight were measured and BMI was calculated 
(BMI= Body weight in Kilograms/Body height in Meters2). 
Waist circumference (WC) and blood pressure were also 
recorded. Early morning fasting blood samples were 
collected from patients and TST and LH were measured by 
Fluorometric Enzyme Immunoassay (FEIA) using Tosoh AIA 
system analyzer and AIA–Pack for competitive enzyme 
immunoassay.17,18 HbA1c estimations were obtained from 
patients’ records. Low TST was defined as TST < 9nmol/L 
and the normal range for LH was 1.7-11.2 mIU/ml. The cut 
off point for normal hormonal levels was based on the kit 
manufacturer instructions. 
 
3. STATISTICAL ANALYSIS 
 

Statistical analysis was performed by Statistical Package for 
Social Studies (SPSS v.21). Means were compared using 
independent sample T test. Increased prevalence of low TST 
associated with increased BMI was evaluated using Chi 
square test or Fisher Exact test when appropriate.  
Correlations of numerical variables were compared using 
Pearson’s correlation coefficient. P < 0.05 was considered as 
statistically significant. 
 
4. RESULTS 
 

4.1 BMI and waist circumference 

 

The study included a total of 152 T2DM male patients: 48 
lean, 57 overweight, 37 obese and 11 morbidly obese 
patients. The patients' age ranged between 40 to 68 (Why 
you select this age group? it is the commonest age of type2 
diabetes mellitus) years with a mean (SD) of 53.8± 6.97 
years. Their disease duration ranged between 2 to 40 years 
with mean (SD) of 9.96±7.03. The four study groups did not 
differ regarding age nor disease duration (table1). 
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Table 1: BMI and waist circumference of the study population 

 BMI Groups    Number Minimum   Maximum   Mean SD SE 
Age All groups 152 40 68 53.78 6.97 0.57 

Lean 47 40 68 53.8 7.4 1.08 
Overweight 57 40 65 53.7 7.4 0.98 

Obese 37 40 62 53.95 6.44 1.06 
Morbidly obese 11 45 60 53.36 5.10 1.54 

BMI 
* (P=0.000) 

All groups 152 18.40 41 27.46 4.81 0.39 
Lean 47 18.40 24.90 22.39 1.90 0.28 

Overweight 57 25.00 29.70 26.89 1.33 0.18 
Obese 37 30.00 34.7 31.75 1.53 0.25 

Morbidly obese 11 35.2 41 37.87 1.83 0.55 
Waist 

circumference 
* (P= 0.000) 

All groups 152 76 139 102.16 13.14 1.07 
Lean 47 76 136 92.43 10.62 1.55 

Overweight 57 83 122 100.91 7.68 1.017 
Obese 37 86 131 109.22 10.12 1.66 

Morbidly obese 11 103 139 126.55 9.84 2.97 
DM Duration 

in years 
All groups 152 2 40 9.96 7.03 0.57 

Lean 47 2 30 11.02 7.11 1.04 
Overweight 57 2 40 9.25 7.14 0.95 

Obese 37 2 24 9.91 6.69 1.1 
Morbidly obese 11 2 26 11.00 7.51 2.26 

HbA1C All groups 94 2.1 22.6 9.13 3.38 0.35 
Lean 35 4.6 15.0 9.37 2.82 0.48 

Overweight 33 2.1 22.6 8.26 3.61 0.63 
Obese 19 6.0 22.5 10.34 3.99 0.92 

Morbidly obese 7 6.5 12.9 8.83 2.37 0.89 
 

Significantly difference between groups (ANOVA), SD = standard deviation, SE= standard Error of means 

 
4.2 Testosterone level  
 
Mean TST (Mean ± SD) was 15.6±6 nmol/L in the lean group, 
14±6.5nmol/L in the overweight group, 12.2±3.63nmol/L in 

the obese group and 10.85±3.72nmol/l in the morbidly obese 
group (Table 2,). Mean TST was significantly lower in the 
obese (P= 0.003) and in the morbidly obese (P=0.015) 
groups compared to the lean group (Fig. 1). 

 

Table2: Testosterone in study population 

 BMI Groups Number Minimum Maximum Mean  SD SE 

 
Testosterone (nmol/L) 

*(P=0.014) 

All groups 152 4.1 35.0 13.84  5.75  0.47 

Lean 47 5.6 25.8 15.61  6.00  0.88 

Overweight 57 4.1 35.0 14.02  6.52  0.86 

Obese 37 5.3 20.8 12.2  3.63  0.59 

Morbidly obese 11 5.3 16.3 10.86  3.72  1.12 

 
Significantly difference between groups (ANOVA)SD = standard deviation, SE= standard Error of means 

 

 
 

Fig 1: Mean (95% CI) of total serum testosterone level in the four BMI groups. 
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Overall, 30 patients (19.7%) had low TST. Patients with low TST represented 14.9% (7/47) of lean, 21.1% (12/57) of over-weight, 
21.6% (8/37) of obese, and 27.3% (3/11) in morbidly obese patients (P=0.74) (Table 3).  
 

Table 3: The prevalence of low total serum testosterone (TST) in the four BMI study groups  

 

Testosterone level  

Low (< 9) Normal Total 

 
 
The four 
BMI 
Groups 

 Lean Count 7 40 47 

% within lean 14.9% 85.1% 100.0% 

Overweight Count 12 45 57 

% within overweight 21.1% 78.9% 100.0% 

Obese Count 8 29 37 

% within obese 21.6% 78.4% 100.0% 

Morbidly obese Count 3 8 11 

% within morbidly obese 27.3% 72.7% 100.0% 

Total Count 30 122 152 

% within patients with T2DM 19.7% 80.3% 100.0% 

 
P value 0.744, Chi-Square test . Correlation analysis showed a highly significant, negative correlation of testosterone with BMI (r= -0.282; P<0.001) 

and with WC (r= -0.212; P= 0.009). However, TST did not correlate with HbA1c, serum LH, age, or the duration of diabetes. 

 
1.1 LH level 
 
LH was measured in 103 out of the 152 patients included in 
the study. The mean ± SD serum LH was 4.2±3.95 mIU/ml. 
Mean LH level was slightly less in patients with low TST 
(n=20) compared to patients with normal testosterone level 
(n=83) (3.8 ± 3.6 mIU/ml and 4.3 ± 4.0 mIU/ml respectively, 
p value 0.6). In total, 2.9% of T2DM patients (3/103) had 

elevated LH level, 2 of whom had normal TST. Only one 
patient with low TST (1/20) had an increased LH level (Table 
3). 95% of patients with low TST (19/20) were found to have 
inappropriate normal LH. Thirty percent (6/19) of those 
were lean, 30% (6/19) were overweight and 35% (7/19) were 
obese or morbidly obese. There was no significant 
association between LH level with BMI or WC. 
  

 

Table 4: The distribution of low, normal, or high LH levels among T2DM patients  
with low or normal total serum testosterone levels. 

Testosterone level LH level 

Low  Normal  High  

Low level Percent within patient with low TST  0.0% 95.0% 5.0% 

Normal level  Percent within patients with normal TST 1.2% 96.4% 2.4% 

 
P= 0.548, Fisher’s Exact test 

 
5. DISCUSSION 
 
We detected a significantly decreased mean TST levels in 
obese and morbidly obese patients with T2DM compared to 
lean T2DM patients and a significant negative correlation of 
TST with BMI and WC. The prevalence of reduced 
testosterone level and the association between BMI and low 
serum testosterone in patients with T2DM was investigated 
by many research groups and in different ethnicities with 
controversial outcomes. The sources of most variation 
between these studies were the characteristics of the study 
population; variations in the definition of reduced serum 
testosterone (cutoff point for normal level); and the 
methodology used in the measurement of the hormones. In 
our study we detected reduced TST levels (TST< 9nmol/L) in 
19.7% (30/152) of T2DM male patients which is comparable 
to the findings reported by Kapoor et al (2007). Kapoor et al 
(2007) (study was a cross�sectional study that included 355 
T2DM patients from the UK. They reported that 20% 
(71/355) of T2DM patients had low TST (<8 nmol/L) and 
16% (58/355) had reduced bioavailable testosterone 
(<2.5nmol/L). Kapoor. al, also reported that symptoms of 
hypogonadism were found in 17% of T2DM with low TST 
(overt hypogonadism).19 A higher prevalence of low 
testosterone and hypogonadism was reported by a cross 
sectional study that included 900 T2DM patients from India. 

They reported that 26.6% (237/900) of T2DM patients had 
reduced TST of whom as much as 78.5% (186/237) had 
symptoms of hypogonadism.22Both studies used the same 
cutoff for testosterone and assessed symptoms of 
hypogonadism using Androgen Deficiency in Aging Male 
questionnaire (ADAM), therefore variations between these 
studies may be attributed to ethnic variations. Mirzaei et. al 
(2012), conducted a study in Iran that included 265 T2DM. 21 
The major difference between Mirzaei et al. (2012), and our 
study was the study population. Mirzaei et al. (2012), 
included only T2DM patients with positive symptoms of 
hypogonadism. Interestingly, they reported that only 7.4% of 
men with T2DM and symptoms of androgen deficiency had 
low TST (TST ≤8nmol/L).21This reflects that symptoms of 
hypogonadism in T2DM patients are not specific for 
testosterone deficiency. Mirzaei et. al (2012), also reported 
that 61.6% of the symptomatic diabetic patients had low 
calculated bioavailable testosterone (≤2.5 nmol/l), reflecting a 
stronger relation of symptomatic hypogonadism and 
androgen deficiency.21There is some dissociation between 
symptoms of hypogonadism and testosterone level in T2DM 
patients. A considerable proportion of patients symptomatic 
for hypogonadism have normal testosterone levels and a 
considerable proportion of patients with reduced serum 
testosterone are non-symptomatic.19,21One explanation is 
that hypogonadism symptoms, such as erectile dysfunction, 
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might be a direct vascular or neurological complication of 
diabetes mellitus. It is very important to emphasize on the 
fact that testosterone, being an anabolic hormone, has 
functions related to wellbeing other than its role in 
reproduction.  Therefore, we suggest that direct assessment 
for TST and bioavailable testosterone is required to 
determine if a T2DM patient is deficient in testosterone 
whether they were symptomatic for hypogonadism or not. 
Screening for testosterone deficiency becomes more urgent 
in the coexistence of T2DM and obesity. Our study reported 
a statistically significant correlation of TST level with BMI (r 
=-0.282; P<0.001) and with WC (r=-0.212; p value 0.009), 
but no correlation with age, duration of diabetes, and HbA1c. 
Our results are consistent with the findings of Kapoor et al 
(2007),  who reported that TST significantly and negatively 
correlated with both BMI (r=-0.247; P=<0.001) and WC (r = 
- 0.275; P<0.001).19 The weak correlation (r <0.3) indicates 
that obesity is not the only cause for reduced testosterone in 
patients with T2DM a hypothesis which is further supported 
by the prevalence of low TST in non-obese T2DM patients 
(14.9% of lean T2DM patients in our study). It is worth 
noting that the negative correlation of serum testosterone 
with BMI was also reported in T1DM patients.22It has been 
noted that hypogonadism in T2DM male patients is mostly 
secondary (hypogonadotropic hypogonadism).23In our study, 
95% (19/20) of patients with low TST had an inappropriately 
normal LH and only 5% (1/20) had primary hypogonadism in 
which there was low testosterone and high LH. Our results 
are comparable to Alhayek et al (2013), who reported that 
83.1% (330/397) of T2DM patients with reduced 
testosterone level had normal LH and 16.9% had primary 
hypogonadism.24 Normal LH despite low serum testosterone 
in T2DM patients supports the theory that central 
depression might be a dominant mechanism of reduced 
testosterone in T2DM. One of the mechanisms responsible 
for reduced GnRH is hypothalamic insulin resistance. A 
theory supported by the stimulating effect of insulin on 
GnRH secretion and by the increased prevalence of 
hypothalamic hypogonadism in obese subjects in T2DM 
patients and in patients with metabolic syndrome, but not in 
T1DM.25,26 In our study, the inappropriately low/normal LH 
despite reduced TST was not related to obesity. LH levels 
did correlate with neither WC nor BMI and 30% of patients 
with low TSH and normal LH were actually lean. This finding 
might suggest that the state of secondary hypogonadotropic 
hypogonadism in T2DM patients is not related to the amount 
of fat tissue mass. Nevertheless, direct measurements of 
cytokines, especially TNF-α and IL-6 together with Leptin 
would provide stronger evidence of the pathogenic 
mechanism. 
  

6. CONCLUSION 
 
 

 

This work showed a significant decrease in mean TST level in 
the obese and morbidly obese T2DM patients compared to 
the lean group. We also detected a trend of increasing 
prevalence of low TST levels along increasing BMI groups but 
the difference between groups did not reach statistical 
significance. Our study supported the significant correlation 
of TST with BMI and WC and that the majority of T2DM 
patients with low TST have secondary hypogonadotropic 
hypogonadism.  
 

6.1 Limitations  
 
The study did not include the measurement of bioavailable 
testosterone or SHBG due to unavailability of the required 
techniques. 
  
6.2 Recommendations 
 

Based on our finding we encourage that obese and morbidly 
obese T2DM patients should have their testosterone level 
measured whether they were symptomatic to hypogonadism 
or not. This might require studies that evaluate the cost 
effectiveness of this approach. We recommend for future 
studies to include measurements of bio-available 
testosterone, sex hormone binding globulin, estrogen, C 
reactive protein and adipocytokines based on availability, so 
as to provide a more detailed view into the pathogenesis of 
low TST level in T2DM patients in different societies.   
 
7. ACKNOWLEDGMENT 
 
The researchers acknowledge the support provided by the 
administration and staff at Jabir Abu Eliz Diabetic Center. 
They also acknowledge the support provided by dr. 
Mohamed Sedig at Ashmeeq Infertility Center. The 
researchers acknowledge the support provided by University 
of Khartoum and Almaarefa university.  
 
8. AUTHORS CONTRIBUTION STATEMENT 
 

Dr FE Mohamad and Dr.Shaza Elawad conceptualized and 
gathered the data with regard to this work. Dr. Nisreen 
Daffa Alla and Dr Rehab Badi analyzed these data and 
necessary inputs were given towards the designing of the 
manuscript. All authors discussed the methodology and 
results and contributed to the final manuscript. 
 

9. CONFLICT OF INTEREST 
 

Conflict of interest declared none. 

 
10. REFERENCES 
 
1 Shaw JE, Sicree RA, Zimmet PZ. Global estimates of 

the prevalence of diabetes for 2010 and 2030. 
Diabetes Res Clin Pract Suppl. 2010;87(1):4-14. doi: 
10.1016/j.diabres.2009.10.007, PMID 19896746. 

2. Eltom MA, Abubakr AH, Hind E-E, Kamal Y, Sufian K, 
Wadie M, E, Mohammed H. Increasing prevalence of 
type 2 diabetes mellitus and impact of ethnicity in 
north Sudan. Diabetes Res Clin Pract Suppl. 
2018;136:93-9. doi: 10.1016/j.diabres.2017.11.034. 

3. Olokoba AB, Obateru OA, Olokoba LB. Type 2 
diabetes mellitus: a review of current trends. 

Oman Med J. 2012;27(4):269-73. doi: 
10.5001/omj.2012.68, PMID 23071876. 

4. Holmboe SA, Jensen TK, Linneberg A, Scheike T, 
Thuesen BH, Skakkebaek NE, Juul A, Andersson AM. 
Low testosterone: A risk marker rather than a risk 
factor for type 2 diabetes. J Clin Endocrinol Metab. 
2016;101(8):3180-90. doi: 10.1210/jc.2016-1778, PMID 
27285294. 

5. Ugwu TE, Ikem RT, Kolawole BA, Ezeani IU. 
Clinicopathologic assessment of hypogonadism in men 
with type 2 diabetes mellitus. Indian J Endocrinol 



 

ijlpr 2021; doi 10.22376/ijpbs/lpr.2021.11.3.L71-L76                                                                                                    Medicine 

 

 

L-76 

                                                                                                                                                                                                                           

Metab. 2016;20(5):667-73. doi: 10.4103/2230-
8210.190554, PMID 27730078. 

6. Kelly DM, Jones TH. Testosterone and obesity. Obes 
Rev. 2015;16(7):581-606. doi: 10.1111/obr.12282, 
PMID 25982085. 

7. Cunningham GR. Testosterone and metabolic 
syndrome. Asian J Androl. 2015;17(2):192-6. doi: 
10.4103/1008-682X.148068, PMID 25652634. 

8. Mauvais-Jarvis F. Estrogen and androgen receptors: 
regulators of fuel homeostasis and emerging targets 
for diabetes and obesity. Trends Endocrinol Metab. 
2011;22(1):24-33. doi: 10.1016/j.tem.2010.10.002, 
PMID 21109497. 

9. 9. Grasa MDM, Gulfo J, Camps N, Alcalá R, Monserrat 
L, Moreno-Navarrete JM, Ortega FJ, Esteve M, 
Remesar X, Fernández-López JA, Fernández-Real JM, 
Alemany M. Modulation of SHBG binding to 
testosterone and estradiol by sex and morbid obesity. 
Eur J Endocrinol. 2017;176(4):393-404. doi: 
10.1530/EJE-16-0834, PMID 28077498.. 

10. Dhindsa S, Furlanetto R, Vora M, Ghanim H, 
Chaudhuri A, Dandona P. Low estradiol 
concentrations in men with subnormal testosterone 
concentrations and type 2 diabetes. Diabetes Care. 
2011;34(8):1854-9. doi: 10.2337/dc11-0208, PMID 
21715518. 

11. Ng Tang Fui M, Hoermann R, Grossmann M. Effect of 
testosterone treatment on adipokines and gut 
hormones in obese men on a hypocaloric diet. J 
Endocr Soc. 2017;1(4):302-12. doi: 10.1210/js.2017-
00062, PMID 29264488. 

12. Roumaud P, Martin LJ. Roles of leptin, adiponectin and 
resistin in the transcriptional regulation of 
steroidogenic genes contributing to decreased Leydig 
cells function in obesity. Horm Mol Biol Clin Investig. 
2015;24(1):25-45. doi: 10.1515/hmbci-2015-0046, 
PMID 26587746. 

13. MacDonald AA, Herbison GP, Showell M, Farquhar 
CM. The impact of body mass index on semen 
parameters and reproductive hormones in human 
males: a systematic review with meta-analysis. Hum 
Reprod Update. 2010;16(3):293-311. doi: 
10.1093/humupd/dmp047, PMID 19889752. 

14. Leisegang K, Sengupta P, Agarwal A, Henkel R. 
Obesity and male infertility: mechanisms and 
management. Andrologia. 2021;53(1):e13617. doi: 
10.1111/and.13617, PMID 32399992. 

15. Cooper LA, Page ST, Amory JK, Anawalt BD, 
Matsumoto AM. The association of obesity with sex 
hormone-binding globulin is stronger than the 
association with ageing - Implications for the 
interpretation of total testosterone measurements. 
Clin Endocrinol (Oxf). 2015;83(6):828-33. doi: 
10.1111/cen.12768, PMID 25777143. 

16. Fink J, Matsumoto M, Tamura Y. Potential application 
of testosterone replacement therapy as treatment for 
obesity and type 2 diabetes in men. Steroids. 
2018;138(38):161-6. doi: 
10.1016/j.steroids.2018.08.002, PMID 30118780. 

17. FEIA reagents for reproductive hormones [internet]. 
India: Tosoh India Pvt. Ltd.; date unknown. Available 
from: Testosterone |. Available from: 
https://www.tosohindia.com/. 

18. Testosterone [internet]. India: Tosoh India Pvt. Ltd.; 
date unknown. Available from: Luteinizing Hormone 
(LH) |. Available from: https://www.tosohindia.com/. 

19. 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(4):911-7. doi: 10.2337/dc06-
1426, PMID 17392552. 

20. Agarwal PK, Singh P, Chowdhury S, Sharma SK, 
Majumdar A, Shah P, Sahay R, Ayyar SV, Phatale H, 
Batra CM, Syed R, Shetty P. A study to evaluate the 
prevalence of hypogonadism in Indian males with 
Type-2 diabetes mellitus. Indian J Endocrinol Metab. 
2017;21(1):64-70. doi: 10.4103/2230-8210.196008, 
PMID 28217500. 

21. Mirzaei MR, Amini M, Aminorroaya A. The prevalence 
of hypogonadism in diabetic men in Isfahan Endocrine 
and Metabolism Research Center, Isfahan, Iran. J Res 
Med Sci. 2012;17(7):602-6. PMID 23798917. 

22. Tomar R, Dhindsa S, Chaudhuri A, Mohanty P, Garg 
R, Dandona P. Contrasting testosterone 
concentrations in type 1 and type 2 diabetes. Diabetes 
Care. 2006;29(5):1120-2. doi: 
10.2337/diacare.2951120, PMID 16644650. 

23. Rao PM, Kelly DM, Jones TH. Testosterone and 
insulin resistance in the metabolic syndrome and 
T2DM in men. Nat Rev Endocrinol. 2013;9(8):479-93. 
doi: 10.1038/nrendo.2013.122, PMID 23797822. 

24. Al Hayek AA, Khader YS, Jafal S, Khawaja N, Robert 
AA, Ajlouni K. Prevalence of low testosterone levels 
in men with type 2 diabetes mellitus: a cross-sectional 
study. J Family Community Med. 2013;20(3):179-86. 
doi: 10.4103/2230-8229.122006, PMID 24672276. 

25. Chandel A, Dhindsa S, Topiwala S, Chaudhuri A, 
Dandona P. Testosterone concentration in young 
patients with diabetes. Diabetes Care. 
2008;31(10):2013-7. doi: 10.2337/dc08-0851, PMID 
18650372. 

26. DiVall SA, Herrera D, Sklar B, Wu S, Wondisford F, 
Radovick S, Wolfe A. Insulin receptor signaling in the 
GnRH neuron plays a role in the abnormal GnRH 
pulsatility of obese female mice. PLOS ONE. 
2015;10(3):e0119995. doi: 
10.1371/journal.pone.0119995, PMID 25780937.

 


