
INTRODUCTION 

s t e o p o r o s i s  i s  a  

Omusculoskeleta l  d isease 
resulting in reduced bone 

1strength and an increased fracture risk.  
According to the World Health 
Organization (WHO), bone mineral 
density (BMD) is classified as normal 
when the T-score is greater than -1, 
osteopenia between -1 and -2.5, and 
osteoporosis when the T-score is ≤ -

2,32.5  Globally, over 200 million 
individuals are affected by osteoporosis, 
resulting in approximately 1.3 million 
fractures annually-primarily involving 
the vertebrae, hip, and wrist-at an 

4,5estimated cost of 10 billion USD.   
Although osteoporosis is more 
prevalent in women, its incidence is 
rising among men, who experience an 
estimated annual bone mass loss of 

6,71%.  Diabetes Mellitus (DM), a global 
epidemic affecting 347 million people 

8according to WHO estimates,  has been 
implicated in altered bone metabolism. 
Obesity, often associated with DM, has 
been linked to an increased fracture risk 
in men compared to normal-weight 

9,10individuals.

A  U .S . -based  s tudy  on  body  
composition in white and black men 
with DM reported elevated BMI scores, 

suggesting an overlap between DM and 
11osteoporosis.  In Iran, the prevalence 

of osteoporosis in individuals aged >60 
years was 24.6% in men and 62.7% in 
women, with positive associations 
reported for age, smoking, and renal 
disease, and a negative association with 

12BMI and diabetes in men.  Additionally, 
a study from Western USA indicated a 
positive correlation between metabolic 

13syndrome and BMD (p=0.01).

Male osteoporosis remains an under-
recognized public health issue, 
a c c o u n t i n g  f o r  o n e - t h i r d  o f  
osteoporotic fractures in men over 50 
years. Moreover, fracture-related 
morbidity and mortality are higher in 

14men than in women.  Despite its 
significance, osteoporosis in men is 
underexp lo red  due  to  f ewer  
longitudinal studies and its relatively 
lower prevalence.

In this context, the present study was 
planned to evaluate the association of 
gonadotropins-foll icle-stimulating 
hormone (FSH) and luteinizing 
hormone (LH)-with  BMD and 
osteoporosis, considering age, BMI, and 
gonadal status. We hypothesize that 
elevated levels of FSH and LH are 
significantly correlated with the 
pathogenes i s  o f  os teoporos i s ,  
particularly among men with diabetes 
mellitus.

METHODS

This descriptive cross-sectional study 
was conducted at the Department of 
Endocrinology, Lady Reading Hospital, 
Peshawar, following ethical approval 
f rom the Inst i tut iona l  Rev iew 
Committee (Ref No: 04/LRH/MTI). The 
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Objectives:  To evaluate the frequency of osteoporosis in male population with 
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male diabetic participants. The sampling was done by non-probability convenient 
sampling. The inclusion criteria were diabetic male patients aged 25-80 years, 
whereas patients who were on corticosteroids and diagnosed cases of chronic 
heart failure, chronic kidney disease, respiratory failure, malignancy, connective 
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analyzed.
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years, 203 (69%) were smokers, 136 (47%) were overweight, 23 (7.8%) were 
obese, while 170 (58.2%) patients were having lower testosterone levels. Bone 
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Chi square statistics showed a significant association of osteoporosis with 
testosterone (p=0.001) and FSH levels (p=0.01) while such association was not 
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study period spanned from March to 
August 2023.

A total of 292 male patients of diabetes 
mellitus, aged between 25 and 80 years 
were enrolled using non-probability 
convenience sampling. Patients on 
corticosteroid therapy, or those with 
chronic heart failure, chronic kidney 
disease, respiratory failure, malignancy, 
connective tissue disorders, or a history 
of fracture within the past six months 
were excluded.

Osteoporosis was defined as a bone 
mineral density (BMD) T-score ≤ -2.5 
as measured by dual-energy X-ray 
absorptiometry (DEXA) using the 

15Horizon® DXA System.  Diabetes 
mellitus was diagnosed based on the 
presence of symptoms (e.g., polyuria, 
polydipsia) along with either a random 
blood glucose level ≥200 mg/dL or an 
HbA1c ≥6.5%, according to the 
American Diabetes Associat ion 

16 criteria.

The estimated study population size 
was 1,200 patients, based on outpatient 
clinical records indicating an average of 
40 osteoporosis patients examined daily 
over 30 working days across six months. 
The sample size of 292 was calculated 
using the Rao-soft sample size 
calculator, assuming a 95% confidence 
interval and 5% margin of error.

Data collected included age, height, 
weight, smoking status, and relevant 
clinical history. Body Mass Index (BMI) 
was calculated as weight (kg) divided by 
height squared (m²) and categorized as: 
<18.5 (underweight), 18.5–24.9 
(normal), 25.0–29.9 (overweight), 
30.0–34.9 (obese),  and ≥35.0 
(extremely obese).

Venous blood samples were analyzed 
for follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), total 
testosterone, random blood sugar 
(RBS), and HbA1c. LH, FSH, and 
testosterone levels were measured 
using chemiluminescent immunoassay 
on a special chemistry analyzer, while 
HbA1c  was  a s sessed  us ing  a  
spectrophotometric assay.  The 
reference ranges were: testosterone 
(2.5–8 ng/mL), LH (1.5–8.6 mIU/mL), 
and FSH (1.5–12.4 mIU/mL).

All data were analyzed using IBM SPSS 
Statistics version 23.0.

RESULTS

A total of 292 male participants were 
enrolled in this study, with a mean age of 
54.41 ± 8.71 years. The mean HbA1c 
was 9.3 ± 1.4. A summary of frequency 
and  percen tages  o f  d i f f e ren t  
physiological variables is given in Table 
1. 

Out of 292 male diabetic participants, 
203 (69.5%) were smokers, 136 
(46.6%) were overweight, 23 (7.9%) 
were obese, 07(3.1%) were extremely 
obese while 170 (58.2%) patients were 
having lower testosterone levels. 
Moreover, the LH and FSH levels were 
higher than normal in 42 (14.4%) and 50 
(17.1%) patients, respectively. The 
bone mineral density levels, measured 
with Dexa-Scan, demonstrated high 
frequency of osteoporosis in 120 (41.4 
%) patients, and osteopenia in 106 
(36.2 %) cases.

The stratification of osteoporosis for 
BMI, smoking status, and testosterone, 
LH and FSH levels is summarized in 
Table II. The stratification for BMI 
demonstrated that the majority of 

osteoporosis (i.e., n=59, 20.2%) and 
osteopenia (i.e., n=54, 18.5%) 
prevailed for the overweight patients, 
followed by normal patients. However, 
these differences were not statistically 
significant (p = 0.10). For the smokers, 
the osteoporosis prevailed in 89 
(30.5%) while the osteopenia was in 72 
(24.7%) patients. Likewise, the 
osteoporosis and osteopenia in patients 
with lower than normal testosterone 
levels were 48 (16.4%) and 85 (29.1%), 
respectively. These differences in 
osteoporos i s  in  pat ients  wi th  
testosterone concentrations below 
normal levels (hypogonadism) were 
significant at p = 0.001. Moreover, the 
osteoporosis was observed in 90 
(30.8%) while the osteopenia was 
observed in 102 (34.9%) patients with 
normal LH levels. Finally, the differences 
in osteoporosis and osteopenia in 
patients with normal and above normal 
FSH levels were significant (92 vs. 11, 
and 91 vs. 30: p = 0.01, respectively).

DISCUSSION

This cross-sectional study was 

Variable Category Frequency (percentage)

Smoking status 
Smoker 203 (69.5%)

Non-smoker 89 (30.5%)

Body Mass Index (BMI)

Underweight 3 (1.0%)

Normal 121 (41.4%)

Overweight 136 (46.6%)

Obese 23 (7.9%)

Extremely obese 7 (3.1%)

Dexa scan 

Normal 66 (23.3%)

Osteopenia 106 (36.3%)

Osteoporosis 120 (41.4%)

Testosterone level
Normal 122 (41.8%)

Below normal 170 (58.2%)

Luteinizing hormone (LH) 
level

Normal 250 (86.6%)

Above normal 42 (14.4%)

Follicle stimulating hormone 
(FSH) level 

Normal 242 (82.9%)

Above normal 50 (17.1%)

LH: Luteinizing hormone, FSH: Follicle stimulating hormone

Table I: Frequency and percentages of different physiological 
variables for patients enrolled in this study
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conducted to determine the prevalence 
of osteoporosis in the male population 
with diabetes mellitus. Our main 
findings showed that 120 participants 
(41.4 %) were found to have 
osteoporosis whereas 106 participants 
(36.2 %) reported being osteopenic. 
Regarding the association of bone 
mineral density, it was present for 
gonadal status whereas no association 
was noted with smoking status and BMI. 
The unexpectedly high prevalence of 
osteoporosis  and testosterone 
deficiency in our cohort may be partly 
explained by the interplay of hormonal 
factors, as elevated FSH and LH levels 
have been implicated in bone 
resorption. Socioeconomic factors, 
including limited access to healthcare, 
variations in dietary calcium intake, and 
lower levels of physical activity 
compared to neighboring regions, 
might also contribute to these findings. 
Further investigation is warranted to 
confirm these hypotheses and identify 
targeted interventions.

The present findings align with previous 
studies highlighting the role of 
testosterone in maintaining bone 
density through osteoblast activation 

and inhibition of osteoclast-mediated 
17 resorption. For example, Mohamad 
17NV, et al.,  demonstrated a direct 

relationship between testosterone 
deficiency and increased risk of 
osteoporosis, which supports the 
association observed in our cohort. 
Furthermore, we explored potential 
m e d i a t i n g  f a c t o r s  s u c h  a s  
hypogonadism, which may exacerbate 
this relationship, as suggested by Gold 

18  G, et al., The findings of the present 
study are consistent with these studies.

Testosterone deficiency in this cohort 
may be linked to the high prevalence of 
metabolic syndrome and diabetes, 
which are known to negatively impact 
testosterone production through 
i n f l a m m a t o r y  a n d  e n d o c r i n e  
dysregulation. These findings highlight 
the need for targeted interventions 
addressing metabolic health to mitigate 
hypogonadism. In addition, the high 
frequency of osteoporosis in diabetic 
men is likely multifactorial, involving 
both direct effects of hyperglycemia on 
bone quality and secondary effects 
related to diabetes complications. To 
comprehensively address these 
observa t ions ,  we  recommend 

conducting future longitudinal studies to 
elucidate causal pathways and the role 
of targeted interventions, such as 
testosterone replacement therapy or 
diabetic bone disease management 
strategies.

El-Desouki MI, et al., determined the 
prevalence of osteoporosis in Saudi men 
(aged 30-90 years) with a Mean BMI of 
28.56 (±5.4) and reported 21.4% and 
35.7% osteoporosis and osteopenia, 
respectively, with an overall high 
prevalence of low bone mineral 

19density.  In a similar study in Demark 
and the UK the prevalence was 17.7% 
and 6% among men (age >50 years) 

20, 21respectively.  Our study reported 
high prevalence rates although the 
difference might be due to some genetic 
factors and a sedentary lifestyle. In 
another study, the osteoporosis 
prevalence was 49.6% and 38.3% in 
Saudi and American men aged above 

20fifty years.  The high rates correspond 
with our study, which reported it to be 
an alarming concern in the male 
population as well.

Agrawal NK, et al., determined the 
levels of bone mineral density in men 
above 50 years with a mean age of 
62.61±7.64. The reports showed 8.5% 
osteoporosis, and 42% osteopenia 
while 49.5% were the population 

22 labeled as normal. The results were 
more the less in equivalence with our 
study comparing the statistics. A study 
was conducted by Abbas SS, et al., in 
Pakistan to establish the influence of 
testosterone on osteoporosis in the 
population aged above 45 years. The 
results reported a positive association 

23with p=0.00001.  The results of this 
study were in line with the present 
study as both of the studies were 
conducted in a similar cultural zone and 
age group.

Another study in Iran determined the 
prevalence of osteoporosis to be 24.6% 
and 62.7% in men and women (age 
>60), respectively. Osteoporosis was 
positively associated with age, smoking, 
and history of kidney disease while a 
negative association was reported with 

24BMI and diabetes in men.  The results 
of our study showed some similar 
associations while some were different 
which might be reflected due to the 
di f ferent demographics of our 
population.

Variable
Dexa-Scan

p value
Normal Osteopenia Osteoporosis

Body Mass 
Index (BMI)

Underweight 2 (0.7%) 1 (0.4%) 0 (0%)

0.10

Normal 31 (10.6%) 39 (13.4%) 51 (17.5%)

Overweight 23 (7.9%) 54 (18.5%) 59 (20.2%)

Obese 10 (3.4%) 5 (1.4%) 8 (2.7%)

Extremely obese 2 (0.7%) 4 (1.4%) 3 (1.0%)

Smoking
Smoker 42 (14.4%) 72 (24.7%) 89 (30.5%)

0.23
Non-Smoker 26 (8.9%) 31 (10.6%) 32 (10.9%)

Testosterone
Normal 31 (10.6%) 55 (18.8%) 36 (12.3%)

0.01
Below normal 37 (12.7%) 48 (16.4%) 85 (29.1%)

Luteinizing 
hormone (LH) 
level

Normal 58 (19.9%) 90 (30.8%) 102 (34.9%)
0.08

Below normal 10 (3.4%) 13 (4.5%) 19 (6.5%)

Follicle 
stimulating 
hormone (FSH) 
level 

Normal 59 (20.2%) 92 (31.5%) 91 (31.2%)

0.01

Below normal 9 (3.1%) 11 (3.8%) 30 (10.3%)

Table II: Stratification of osteoporosis for BMI, smoking status, 
testosterone LH and FSH levels

Normal Dexa-scan: BMD > -0.1; Osteopenia Dexa-scan: BMD= -0.1 to -2.5; Osteoporosis Dexa-scan: 
BMD ≤ -2.5; BMD =bone mineral density; LH=Luteinizing Hormone; FSH=Follicle Stimulating Hormone
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Limitations of the study

This study has several limitations that 
warrant consideration. First, the sample 
was derived from a single center, which 
may restrict the generalizability of the 
findings to broader populations. 
Second, the cross-sectional design limits 
the ability to infer causal relationships 
between the observed associations and 
osteoporosis; longitudinal studies are 
needed to confirm these findings over 
time. Sampling bias may also be present, 
as individuals with known risk factors 
for osteoporosis might have been more 
likely to participate. 

The study did not evaluate low 
gonadotropin levels (FSH and LH) in 
detail, and serum prolactin levels were 
not measured, which may have led to 
the under-recognition of underlying 
conditions such as pituitary dysfunction 
or hyperprolactinemia-potentially 
confounding the DEXA scan results. 
Furthermore, Vitamin D3 levels were 
only assessed in patients who could 
afford the test, due to its high cost. As a 
result, these data were excluded from 
s ta t i s t i ca l  ana ly ses  to  ensure  
cons i s tency,  wh ich  l im i t s  the  
completeness of the findings.

These limitations emphasize the need 
for future research involving larger, 
multicenter cohorts and prospective 
d e s i g n s ,  a l o n g  w i t h  m o r e  
comprehens i ve  hormona l  and  
biochemical assessments.

CONCLUSION 

Osteoporosis is a prevalent and often 
underrecognized comorbidity in men 
with diabetes mellitus. This study 
demonstrates a significant association 
between hypogonadism and elevated 
FSH levels with reduced bone mineral 
dens i t y,  wh i l e  no  mean ing fu l  
relationship was observed with smoking 
status or body mass index. These 
findings suggest the need for early 
hormonal screening, particularly for 
testosterone and FSH, to facilitate 
timely diagnosis and management of 
osteoporosis. Public health strategies 
targeting hormonal health in men with 
MD may play a vital role in preventing 
osteoporosis-related complications. 
Further longitudinal studies are 
recommended to confirm these 
associations and inform interventional 

approaches.

RECOMMENDATION

Male patients with diabetes mellitus 
should be regularly screened for 
o s t e o p o r o s i s .  T h o s e  h a v i n g  
osteoporosis should have their 
testosterone and FSH levels measured 
as part of an early screening program to 
reduce  the  economic  burden  
promoting a healthy lifestyle and 
p r o g n o s i s .  Ro u t i n e  h o r m o n a l  
assessments should be integrated into 
osteoporosis screening programs. 
Moreover, promoting awareness of 
lifestyle modifications, such as increased 
physical activity and dietary calcium 
intake, will help support bone health.
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