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Abstract
Background: Osteopenia is one of the common under-diagnosed medical conditions 
in males, with a prevalence of nearly 50% in India.

Objective: To analyse the prevalence and associations of Osteopenia in men in South 
Mumbai. 

Design: Observational cross sectional study

Setting: A 345-bed, multi-specialty, tertiary care hospital and research centre.

Participants: 200 males visiting the ‘Executive Health Check-up’ department without 
the history of fractures were evaluated.

Measurements: The Bone Mineral Density of the subjects was measured on Dual-
energy X-ray absorptiometry, based on the T-Spine and T-Hip values. The subjects were 
also evaluated clinically and biochemically. 

Results: The prevalence of osteopenia was observed to be 55%, and the prevalence of 
osteoporosis was 15.6%. There is a significant positive correlation (p<0.05) of T-Hip and 
Prolactin levels, and of T-Hip and TSH levels.

Conclusion: The alarming prevalence of osteopenia in young and middle-aged men in 
a metropolitan city in India is of great concern to the public health, which may in the 
future result in increased occurrence of osteoporosis, leading to greater burden on the 
health economy. 

Keywords: Osteopenia; Men.

Introduction�
Male osteoporosis is an important, although largely under-estimated public health 

problem. In both men and women, ageing is accompanied by continuous bone loss, 
followed by an exponential rise in the occurrence of osteoporotic fractures. Osteoporosis 
is a metabolic disorder of the bone, which is characterized by reduced bone density and 
micro-architectural deterioration, leading to increased bone fragility and susceptibility 
to fracture. Osteopenia is characterised by a generalized reduction in bone density, 
which is less severe than that in osteoporosis, usually caused by the resorption of bone 
at a rate which exceeds bone synthesis. Osteopenia is defined according to bone mineral 
density (BMD) assessment. According to the WHO classification of osteoporosis (Table 1) 
osteopenia is defined by bone densitometry as a T score -1 to -2.5 (A BMD value more 
than 1 standard deviation below the young adult mean, but less than 2 SDs below this 
value) [1]. 
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Table 1. WHO osteoporosis classification
	 Diagnosis T-score
Normal >−1.0
Osteopenia <−1.0, >−2.5
Osteoporosis <−2.5
Severe osteoporosis <−2.5 plus fragility fractures

There are multiple causes for osteopenia, which generally 
include ageing, calcium and vitamin D deficiency, inactivity, 
and genetics [2]. Most of the published studies of osteopenia 
have documented the loss of BMD in women [3]. Of the few 
documented studies available, it has been found that osteopenia 
is one of the undetected medical conditions in Indian males, 
with a prevalence of almost 50 % in the elderly males and 18% 
in young males [4, 5]. Vertebral and hip fractures are linked to 
significant functional impairment and a greater risk of mortality 
in men than in women [6]. Low BMD is recognized as a major 
risk factor for fractures [7]. Osteoporosis in men accounts for 
more than 30-40% of overall fractures [8]. Medical evidence 
displays that approximately 80% of the urban Indian population 
is vitamin D deficient, with hip fractures occurring about a 
decade earlier than in Western populations [9].

Dual-energy X-ray absorptiometry (DXA) is accepted as 
the reference method for measuring BMD at the spine and 
hip and to diagnose osteoporosis [10, 11]. There is a paucity 
of research to assess the prevalence of Osteopenia in men. 
This study furnishes the reader with an estimate of the 
problem and the correlations of Osteopenia. 

Aim
1.	 To analyse the prevalence of Osteopenia in men in 

Mumbai, India, by analysing the bone mineral density 
levels

2.	 Association of osteopenia with various biochemical 
parameters.

Methods
Two hundred males visiting the ‘Executive Health Check-

up’ department were evaluated clinically (including 
anthropometry), and the biochemical values of Haemoglobin 
(HB), serum Calcium (CA), Phosphorous (PHS), Uric acid (UA), 
Triglycerides , Low density Lipoprotein (LDL), High density 
Lipoprotein (HDL), Creatinine, Testosterone (TST), Prolactin 
(PLC), Thyroid stimulating hormone (TSH), Vitamin D (VTD), 
Vitamin B12 (VB12), Fasting blood sugar (FBS), Prostate specific 
antigen (PSA), and Alkaline Phosphatase (ALP) were measured. 

The BMD was measured on ‘Lunar iDXA’ of GE Healthcare, 
utilizing the T-Spine and T-Hip values. The subjects were 
termed ‘Osteopenic’ if either the T scores of the spine or the 
hip were observed to be in the range -1 to -2.5; and 
‘Osteoporotic’ if the T scores were less than or equal to -2.5. 
The demographic and clinical data of the patients were 
retrieved from the hospital database applying the Systems, 
Applications and Products system (SAP). 

Inclusion criteria: Men over 20 years old, who have completed 
the Full body DXA-BMD scan. 

Exclusion criteria: Patients with medical disorders that are 
likely to affect BMD, those who had received steroids, anti-
tubercular or anti-epileptic medication within the last one 
year, those who had fractures within the last two years. 

History of smoking, alcohol consumption, history of 
osteoporosis or non-traumatic fractures in the family was 
retrieved for all subjects.

Data was entered in Microsoft Excel and analysed using 
Stata Version 13.1.The means and standard deviations, medians 
and inter quartile ranges (IQR) for the linear variables were 
calculated. We also calculated the proportions for the 
categorical variables, the Pearson Correlation Co-efficient to 
estimate the correlation between two linear variables. A p value 
of less than 0.05 was considered to be statistically significant.

Results
Of the 200 subjects evaluated according to the T-Spine 

score, 77 (38.7%) were diagnosed with osteopenia, and 25 
(12%) with osteoporosis. 98 males (49.25%) had normal 
T-scores of spine. According to the T-Hip score, 95 males 
(47.7%) were diagnosed with osteopenia and 17 males (8.5%) 
with osteoporosis. 88 males (44.5 %) had normal T-scores of 
hip (Table 2). In total, 108 men (55%) were diagnosed with 
osteopenia and 32 men (16%) were diagnosed with 
osteoporosis when T-Hip or T-Spine was evaluated. 60 
individuals (30.15%) had normal values of both T-Spine and 
T-Hip (Table 3). Prevalence of Osteoporosis was 15.6% (95% 
confidence: 10.8% - 21.4%).

Table 2. Classification of subjects diagnosed as osteopenia and 
osteoporosis according to T-spine and T-Hip values

T spine Frequency Percentage Cumulative
Normal 98 49.25 49.25
Osteopenia 77 38.69 87.94
Osteoporosis 25 12.06 100
Total 200 100
T-Hip Frequency Percentage Cumulative
Normal 88 44.22 44.22
Osteopenia 95 47.74 91.96
Osteoporosis 17 8.5 100
Total 200 100

Table 3. Classification of subjects diagnosed as osteopenia and 
osteoporosis according to T-Spine or T-Hip values

Frequency Percentage Cumulative
Normal 60 30.15 30.15
Osteopenia 108 54.27 84.42
Osteoporosis 32 16 100
Total 200 100

The subjects were divided according to age-groups (Table 4). 
Of the 25 subjects of less than 40 years of age, 16 (64%) were 
diagnosed with osteopenia, and 2 (8%) with osteoporosis. 
There were 45 subjects in the age-group of 40-49 years, of 
which 26 men (57.8 %) were identified with osteopenia, and 3 
men (6.6%) with osteoporosis. In the age-group of 50-59 
years, of the 68 patients, 35 (51.5%) were detected with 
osteopenia, and 10 (14.7%) with osteoporosis. Of the 41 
subjects in the age group of 60-69 years, 23 (56.1%) were 
osteopenic and 10 (24.4%) osteoporotic. Of the 19 patients 
aged over 70 years, 8 (42.1%) were observed to be osteopenic, 
and 6 (31.6%) osteoporotic. 
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Table 4. Classification of data according to age of the subjects 
Age (years) Normal Osteopenia Osteoporosis
<40
 n 7 16 2
% 28 64 8
40-49
 n 16 26 3
% 35.5 57.8 6.6
50-59
n 23 35 10
% 33.8 51.47 14.7
60-69
n 8 23 10
% 19.51 56.1 24.4
>70
n 5 8 6
% 26.32 42.1 31.5

Total (n) 59 108 31
% 29.8 54.5 15.6

n= total number of individuals
Pearson chi2(8) =11.9738 
Pr = 0.152

In the present study, 50% subjects were regularly exercising, 
37% had been diagnosed with a chronic disease (CD); 22% men 
were chronic smokers, 35% were alcohol consumers (Table 5). 
The mean and SD of individual values has been illustrated in 
(Table 6). The median and interquartile range for Prolactin, 
Thyroid Stimulating Hormone (TSH), VTD, VB12, T-Spine, T-Hip 
is illustrated in (Table 7).

Table 5. Characteristics of the population
 Percent 

Regular exercise 50 
Chronic disease 37
Smokers 22
Alcohol consumers 35

Table 6. The mean and standard deviation of individual values
Variable Observation Mean SD Minimum Maximum
Age 200 54.2 12 23 88
Hb 200 14.1 1.2 8.9 16.8
Calcium 196 9.4 0.4 8.6 10.4
Phosphorous 200 3.5 0.6 2.1 7.8
Uric Acid 200 5.8 1.2 2.9 8.3
Triglycerides 200 143.2 80.2 34 526
LDL 200 111.1 36.2 26 237
HDL 200 45.4 11.4 24 110
Creatinine 200 0.9 0.2 0.6 1.5
Testosterone 145 428.3 132.7 53 857
FBS 200 113.7 29.5 82 262
PSA 196 1.2 1.2 0.2 8.8
ALP 197 74 19.7 31 162
BMI 200 27.2 5.07 18 71

*Hb-Hemoglobin, LDL-Low density Lipoprotein, HDL-High 
density Lipoprotein, FBS-Fasting Blood Glucose, PSA-Prostate 
Specific Antigen, ALP-Alkaline Phosphatase, BMI-Basal 
Metabolic Index, SD-Standard Deviation

Table 7. Median and interquartile range for Prolactin, Thyroid 
Stimulating Hormone (TSH), Vitamin D, Vitamin B12, T-Spine, T-Hip 
Variable Median value Interquartile range
Prolactin 9.06 4
TSH 2.5 1.89
vitamin D 25.1 15.5
vitamin B12 394 332
T-Spine -1 1.7
T-Hip -1.1 -1.2
*TSH-Thyroid stimulating hormone

The data from Table 8 can be inferred as follows: There is a 
significant positive correlation (SPC) (P<0.05) of alcohol intake 
and CD, SPC of TG and HB, SPC of TG and LDL, SPC of VTD and 
VB12, SPC of T-Hip and PLC, SPC of T-Hip and TSH, SPC of FBS 
and TG, SPC of PSA and age, SPC of ALP and HB, SPC of BMI 
and CD, SPC of BMI and TG; significant negative correlation 
(SNC) of HB and age, SNC of PHS and alcohol intake.

Table 8. Pearson Correlation Co-efficient table
AGE SMK ALC EXR CD HB CA PHS UA TG LDL HDL TST PLC TSH VTD VTB12 TSP THP FBS PSA ALP BMI

AGE 1.000
SMK -0.328 1.000
ALC -0.066 0.258 1.000
EXR 0.004 -0.290 0.171 1.000
CD 0.355 -0.076 0.381 -0.033 1.000
HB -0.414 -0.027 -0.054 -0.124 -0.277 1.000
CA -0.219 0.246 0.004 -0.400 -0.058 0.247 1.000
PHS -0.058 -0.006 -0.413 -1.000 -0.169 0.066 0.237 1.000
UA 0.085 0.278 -0.004 -0.033 0.091 -0.103 0.129 0.004 1.000
TG -0.056 -0.191 -0.025 0.103 -0.095 0.531 0.069 0.288 0.025 1.000
LDL -0.138 -0.169 -0.095 0.211 -0.268 0.244 0.254 0.119 0.198 0.500 1.000
HDL 0.123 0.317 0.235 -0.008 0.050 -0.120 0.094 0.198 -0.353 -0.322 -0.257 1.000
TST -0.193 -0.186 -0.041 0.050 -0.231 0.287 -0.001 0.010 -0.165 0.188 0.206 -0.159 1.000
PLC 0.118 -0.147 0.066 0.173 0.243 0.136 0.076 0.148 -0.047 0.285 0.177 0.164 -0.033 1.000
TSH 0.193 -0.262 -0.285 0.037 -0.087 0.050 -0.138 0.179 0.049 0.263 0.005 -0.052 0.109 0.288 1.000
VTD 0.086 0.006 0.264 0.017 0.116 0.057 0.353 0.060 0.003 0.031 -0.020 0.070 0.055 0.005 -0.186 1.000
VTB12 0.062 0.191 0.066 -0.037 0.029 0.177 0.136 0.292 -0.060 0.092 -0.308 0.277 0.049 -0.003 -0.020 0.515 1.000
TSP 0.049 0.082 0.153 -0.033 0.277 0.045 -0.104 -0.060 0.060 -0.057 -0.157 -0.024 0.073 0.351 0.285 0.126 0.295 1.000
THP 0.025 0.044 0.116 -0.186 0.116 0.126 -0.051 -0.172 0.166 0.074 -0.101 -0.244 0.168 0.416 0.380 0.090 0.133 0.739 1.000
FBS 0.300 -0.202 -0.240 -0.240 0.099 0.218 0.117 0.185 0.066 0.364 0.084 -0.232 -0.060 0.127 0.156 -0.104 -0.056 0.181 0.029 1.000
PSA 0.477 -0.180 0.256 0.243 0.342 -0.171 -0.154 -0.258 0.131 -0.049 0.144 0.104 0.348 0.188 0.163 0.148 -0.124 0.139 0.109 -0.013 1.000
ALP 0.003 -0.333 -0.157 0.124 -0.033 0.377 0.044 0.077 0.044 0.205 0.359 -0.179 0.153 0.046 -0.037 -0.083 -0.276 -0.321 -0.277 0.243 0.088 1.000
BMI 0.350 -0.208 0.074 -0.174 0.385 0.005 -0.182 -0.058 0.086 0.390 0.061 -0.191 -0.014 0.352 0.205 0.284 0.112 0.265 0.330 0.294 0.285 -0.064 1.000
*SMK-Smokers, ALC- Alcohol consumers, EXR- Exercise, CD- Chronic disease, HB-Haemoglobin, CA- Calcium, PHS-Phosphorous, 
UA-Uric Acid, TG-Triglycerides, LDL-Low density lipoprotein, HDL-High density lipoprotein, TST-Testosterone, PLC-Prolactin, 
TSH-Thyroid stimulating hormone, VTD-Vitamin D, VTB12-Vitamin B12, TSP- T Spine, THP-T-Hip, FBS-Fasting blood glucose, 
PSA-Prostate specific antigen, ALP-Alkaline phosphatase, BMI-Body mass index
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Discussion
It is evident from the literature that one of five men and 

every 2nd woman are at a risk of osteoporotic fractures after the 
age of 50 years [12]. Astonishingly, we have observed a high 
prevalence of osteopenia in males younger than 50 years, which 
is a novel finding. A detailed study of osteopenia has revealed 
that almost half of the causes are potentially treatable [8]. The 
prevalence of Osteopenia and Osteoporosis in South India (58% 
and 20% respectively) and in Mumbai (59.7% and 18.3%) 
conducted earlier, are similar to the findings of the current study 
(55% and 16% respectively).(5, 8) The biochemical values of the 
subjects in the present study were in the normal Laboratory 
Reference Ranges in Healthy Adults [13]. The average LDL and 
BMI values were found to be marginally higher than the normal 
range. VTD values were lower than the reference range. 

BMD is an important risk factor for fracture and is similar 
in both sexes [14]. In our study, it is observed that as the 
patient’s age, the probability of osteopenia and osteoporosis 
increases, which is similar to the findings in a recent study 
conducted in India and USA [8, 15]. Majority of the chronic 
disorders observed among the patients were diabetes mellitus, 
cardiovascular diseases and mental health illness. Studies have 
concluded that alcohol consumption is one of the major 
avoidable risk factors for the occurrence of chronic diseases, 
similar to the findings of our study [16]. It was observed that in 
the ageing population HB values decrease, and there is a 
higher incidence of Anaemia; the finding is similar to a recent 
study conducted in Germany [17]. Our study demonstrates 
that with increase in the intake of alcohol, blood Phosphorous 
levels decrease, which is similar to the study by Paolo et al [18]. 

A few novel observations were found in our study, which are 
not published elsewhere. Vitamin B12 and Vitamin D levels are 
directly proportional to each other. TG levels and LDL levels 
increase proportionately. Low PLC and TSH levels were observed 
to be moderately associated with Osteopenia. In contrast to our 
findings, Ajmal et al observed that hyperprolactinemia-induced 
oestrogen deficiency, in place of PLC itself, is the major factor in 
the development of osteopenia Hyperprolactinemia often occurs 
in patients receiving medications for psychiatric disorders. 
Patients with drug-induced hyperprolactinemia should be 
managed expectantly with attention to the risks of osteoporosis 
[19]. Howes et al has observed that BMD values are not clinically 
correlated with PLC levels in patients taking antipsychotic 
treatment [20]. In contrast to women, most males do not develop 
overt hypogonadism with ageing. Thus, bone loss proceeds 
slowly in middle-aged men. Male osteoporosis has more 
heterogeneous factors with multiple underlying causes in any 
given individual [21]. Further research is required to assess the 
correlation of lower prolactin levels in men and the development 
of osteopenia.

The conclusion of the study of Lee et al and Svare et al is 
comparable to the finding of the present study; BMD is directly 
proportional to TSH levels [22, 23]. The findings of a similar study 
conducted in USA suggest that a low normal TSH level in men is 
associated with a lower bone mineral density in men; which is 
similar to our study [24]. Thyroid hormone is essential for normal 

growth and bone development. Thyroid hormone deficiency 
results in delayed skeletal development, and growth arrest 
accompanied by epiphyseal dysgenesis. Thyroid hormone 
accelerates bone turnover and bone loss, and has a greater effect 
on cortical bone than on trabecular bone. The bone mineralization 
is reduced and the rate of bone turnover is increased in 
thyrotoxicosis, leading to an increased risk of hip fractures [22]. 
Hyperthyroidism in adulthood is associated with increased bone 
turnover and a reduction in BMD at various skeletal sites due to 
increased cortical porosity and accelerated bone loss. Population 
studies have shown that both hypothyroidism and hyperthyroidism 
in adults may be associated with an increased fracture risk [25]. 

FBS levels and TG levels increase proportionately, which is 
comparable to the findings of a study conducted in Canada 
[26]. With increase in BMI, TGs increase and there is an increased 
incidence of chronic diseases [27]. The PSA levels have shown to 
increase proportionately with the age of the subjects, which has 
also been reported in a population study in China [28]. There is 
no significant correlation of occurrence of osteopenia with age, 
smoking, exercise, alcohol intake, presence of chronic diseases, 
HB levels, CA, PHS, UA, TG, LDL, HDL, TST, VTD, VB12, FBS, PSA, 
ALP, BMI. In a recent study it was observed that haemoglobin 
levels and anaemia are negatively and independently associated 
with bone mass and density [29]. A study in the elderly 
population established that CA and VTD supplementation leads 
to a moderate reduction in bone loss [30]. Nabipour et al 
observed that higher serum UA levels are associated with 
greater BMD at all skeletal sites, and with a lesser prevalence of 
vertebral and non-vertebral fractures in older men [31]. A 
research study in USA concluded that cholesterol levels in men 
and women from young adulthood to middle age years cannot 
predict subsequent bone mineral density in elderly years [32]. 
Snyder at al observed that increasing the serum testosterone 
concentrations of normal men over 65 years of age did not 
increase lumbar spine bone density overall, but did increase it in 
those men with low pre-treatment serum testosterone 
concentrations [33]. Vitamin B12 deficiency may be an important 
modifiable risk factor for osteoporosis [34]. In the Rotterdam 
study, it was observed that higher blood glucose levels leading 
to diabetes increases the risk of osteoporosis [35]. Conde et al 
discovered that Prostate-specific antigen and higher BMI was 
an independent predictor of low BMD [15]. 

Conclusion
There is a high detection rate of unnoticed osteopenia in 

young and middle aged males, besides the high prevalence in 
elderly males. The prevalence rates of Osteopenia have been 
corroborated with the other studies conducted in India. Low 
TSH and Prolactin levels are associated with Osteopenia; 
however, more studies are needed to highlight the associations 
of Osteopenia. In India, the screening for osteopenia in males 
at an earlier age is necessary.
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