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Abstract

Original Article

inTroducTion

Osteoporosis is a worldwide major public health problem 
characterized by compromised bone strength predisposing to 
increased risk of fracture.[1] Most studies on metabolic bone 
diseases over the past decade have focused on the pathogenesis, 
diagnosis, and treatment of osteoporosis in women. 
Nevertheless, recent epidemiological and observational 
studies have shown that osteoporosis in men is an increasingly 
important clinical issue. Osteoporosis in men presents a unique 
array of scientific challenges and opportunities and deserves 
the same vigorous evaluation as applied to postmenopausal 
osteoporosis. It has been estimated that the lifetime risk of 
a man suffering an osteoporotic fracture is actually greater 
than his likelihood of developing prostate cancer. About 
one in every four to five hip fractures in people older than 
50 occurs in men;[2] however, the number of men afflicted 
with osteoporosis is not known. Hence, we undertook this 
cross-sectional, observational prospective study to determine 
the prevalence of osteoporosis in men.

subJecTs and meThods

This study was carried out in a tertiary care hospital of North 
India between July 1st, 2014 and December 31st, 2015 and 
223 subjects were screened. A total of 200 male attendants 
of patients attending endocrine outpatient department (OPD) 
and who were >55 years were recruited for the study. The 
Ethics Committee of the hospital approved the protocol. 
Informed consent was obtained from each individual. All 
participants underwent a physical examination and routine 
blood chemistry evaluation. Patients were not included in the 
present study if they had a history of myocardial infarction, 
percutaneous transluminal coronary angioplasty, coronary 
artery bypass grafting, proven manifest coronary artery disease, 
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severe or unstable angina pectoris, clinically manifest heart 
failure (higher than grade II New York Heart Association), or 
severe cardiac arrhythmia. Patients with acute liver disease 
or hepatic dysfunction, impaired renal function (plasma 
creatinine. 1.5 mg/dl), history of partial ileal bypass surgery, 
any surgical procedure or any systemic inflammatory disease 
within 3 months before randomization, malignancy, vasculitis, 
rheumatic arthritis, idiopathic lung fibrosis, ulcerative colitis, 
or Crohn’s disease were excluded from the study. Patients 
who consumed >20 g of alcoholic drinks per day or who 
used systemic steroids, androgens, cyclosporine, or other 
immunosuppressive drugs were also excluded from the study.

Clinical and laboratory data
Patients were examined clinically including weight (to 
the nearest 0.5 kg) and height (to the nearest 0.5 cm) 
measurements (mean of three values); pulse and blood pressure 
record; and general physical and systemic examination. At 
baseline, in the morning after an overnight fast, venous blood 
was sampled for the measurement of complete hemogram, 
serum calcium, serum phosphorous, alkaline phosphatase, 
liver functions, blood urea nitrogen, serum creatinine, level 
of plasma concentration of glucose, total and high-density 
lipoprotein (HDL) cholesterol, triglycerides, and hormonal 
profile (T3, T4, thyroid-stimulating hormone [TSH], 
cortisol, luteinizing hormone [LH], Follicle-stimulating 
hormone [FSH], prolactin, testosterone, estradiol, growth 
hormone, insulin-like growth factor 1 [IGF-1], parathyroid 
hormone [PTH], and Vitamin D) and serum osteocalcin. 
Twenty-four hour urinary estimation was done for calcium, 
phosphorous, creatinine, and N-telopeptide (NTx) of type 1 
collagen. Plasma glucose was measured by a glucose-oxidase 
method. Plasma total cholesterol, HDL cholesterol, and 
triglycerides were assessed with standard enzymatic 
spectrophotometric techniques. Plasma low-density lipoprotein 
cholesterol was calculated with the equation of Friedewald 
et al. except when triglycerides exceeded 400 mg/d (in that 
case, data were treated as missing). Estimation of T3, T4, 
TSH, cortisol, LH, FSH, prolactin, and growth hormone 
was done by DSL-2100 radioimmunoassay (RIA) kits. The 
intra- and interassay coefficients of variation (CVs) for all 
assays were <12%. At baseline, paired serum specimens 
were collected after an overnight fast and stored at −70ºC 
until assayed. Assays were performed at the Endocrine 
laboratory of Army Hospital Research and Referral Delhi by 
single technician. All testosterone and estradiol assays were 
completed in duplicate, and the average value was used in the 
analyses. Criteria were implemented to repeat the assay when 
replicates were highly discrepant within an assay; results from 
any repeat analyses were averaged with the original sample 
data. Pooled serum controls were used in every assay run. 
Serum total testosterone was measured using a solid-phase 
125I-RIA (Diagnostic Products Corp., Los Angeles, CA; 
detectable range 1–16 ng/ml; intraassay CV 5.4%; interassay 
CV 8.2%). Serum total estradiol was measured with an 
ultrasensitive RIA (Diagnostic Systems Laboratories, Webster, 

TX; detectable range 2.5–750 pg/ml; intraassay CV 8.5%; 
interassay CV 13.3%). Intact-PTH was estimated by  DRG 
ELISA kit (two site enzyme linked immunosorbent assay,DRG 
international, Inc, Springfield, NJ, USA). The DRG Intact-PTH 
immunoassay is a two-site ELISA having calculated 
sensitivity of 1.72 pg/ml. We measured 25-hydroxyl-Vitamin 
D (25-OH-D) by an equilibrium RIA procedure (DiaSorin 
Inc., Stillwater, MN, USA). The inter and intraassay CVs were 
13% and 10%, respectively. Serum IGF-1 was determined 
by DRG IGF-1 ELISA kit with sensitivity of 0.15 ng/ml. 
The NTx of type 1 collagen estimation in urine was done by 
an enzyme-linked immunosorbent assay-OSTEOMARK by 
Wampole laboratories. At the baseline participants underwent 
bone mineral density (BMD) (grams per square centimeter) 
measurement of total hip, femoral neck, and lumbar spine 
with dual-energy X-ray absorptiometry (QDR 4500W; 
Hologic, Inc., Waltham, MA). All hip BMD measurements 
were made on the right hip unless the participant reported 
a right hip replacement or metal objects in the right leg, in 
which case the left hip was measured. Lumbar spine BMD was 
measured in the anterior-posterior projection and calculated 
as the mean of the BMD from the first through fourth lumbar 
vertebrae. A standard phantom was used at all study clinics for 
cross-calibration. Interclinic CVs were 0.9% for hip and 0.6% 
for spine. T-score <2.5 was diagnosed to have osteoporosis.

All the patients with osteopenia and osteoporosis were 
advised lifestyle interventions, supplementation with calcium 
carbonate (1000–1500 mg/day) and Vitamin D3 60,000 IU 
once a month. Vitamin D3 60,000 IU once a week for 8 weeks 
and once a month thereafter was prescribed to Vitamin 
D-deficient patients. Androgen-deficient patients were 
given replacements of either injectable testosterone or oral 
testosterone undecanoate. All patients having osteoporosis 
were given tablet alendronate 70 mg once a month with usual 
precautions. Patients were under regular follow-up in our OPD. 
Patients were advised to undergo repeat testing of biochemical, 
hormonal, and BMD measurements after 1 year.

All the parameters are represented as mean ± SD unless 
otherwise specified. Database was created in MS Access 
and  statistical program for the Social Sciences (Release 13.0, 
PC Windows; SPSS Inc., Chicago, IL) was used for analysis. 
Central tendency and dispersion calculated. Two sample t-test 
and paired t-test were used to compare pre- and post-test 
parameters.

resulTs

A total of 200 male patients were enrolled with the mean 
age of 63.98 ± 6.51 years. Baseline demographic profile, 
biochemical profile, markers of bone health, and hormonal 
parameters are enumerated in Tables 1 and 2, respectively. 
Three patients taking alternative treatment for generalized 
weakness were found to have low serum cortisol suggestive 
of exogenous glucocorticoid exposure. Serum cortisol, thyroid 
profile, prolactin, and IGF-1 were normal at baseline for rest 
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of the patients.

Overall 80 (40%) patients had low bone mass (osteoporosis/
osteopenia). Vitamin D deficiency/insufficiency (serum Vitamin 
D level <30 ng/ml) was noted in 93 (46.5%) of subjects, whereas, 
androgen deficiency (serum testosterone <300 ng/dl) was 
found in 39 (19.5%) subjects. There was a positive correlation 
between serum testosterone and baseline BMD.

Osteoporosis was found in 17 (8.5%) patients, all of whom were 
above 70 years (mean age 73.82 ± 2.79 years). Twelve (70%) 
of patients having osteoporosis had low serum testosterone. 
Vitamin D deficiency (serum Vitamin D level <20 ng/ml) 
was seen in 3 (17%) patients with osteoporosis, and another 
9 (53%) were Vitamin D insufficient (serum Vitamin D 
level: 20–30 ng/ml). Three patients had inadvertently taken 

exogenous steroids in the form of indigenous medicines or 
boosting immunity and stamina, verified by demonstrating 
low baseline serum cortisol levels while one had subclinical 
hyperthyroidism. Another 63 (31.5%) of patients with mean 
age of 67.47 ± 6.35 years had osteopenia of which 22 (35%) 
were androgen-deficient while 10 (15.9%) had Vitamin D 
deficiency and 16 (25%) were Vitamin D insufficient.

Age >70 years, serum testosterone <300 ng/dl, Vitamin 
D <30 ng/ml, and steroid use emerged as independent risk 
factors for osteoporosis and a negative correlation were 
observed with serum cortisol with BMD.

At the end of 1 year, 163 (81.5%) patients were available 
for follow-up having mean age of 64.98 ± 6.88 years. 
Supplementation of Vitamin D led to significant increase in its 
level from 23.9 ± 5.62 ng/ml to 28.8 ± 4.86 ng/ml (P < 0.0001) 
in deficient individuals with concomitant reduction 
in serum PTH level from 46.82 ± 13.18 pg/ml to 
42.2 ± 11.53 pg/ml (P = 0.0196) while serum testosterone levels 
rose from 2.46 ± 1.04 ng/ml to 4.37 ± 1.12 ng/ml (P < 0.0001) 
after its replacement in deficient subjects. Vitamin D 
supplementation, androgen replacement, and bisphosphonate 
therapy had beneficial effect on BMD. Stabilization, and in 
fact numerical improvement, was noted in BMD at lumbar 
spine and total hip (T score: from-3.74 ± 0.57 to-3.10 ± 0.42 
and − 2.95 ± 0.43 to-2.54 ± 0.39, respectively) though it did 
not reach statistical significance.

discussion

Osteoporosis is a common medical problem, with over 1.3 million 
fractures occurring annually in the United States.[3] Although the 
majority of these fractures occur in postmenopausal women, 
the social and economic burden of osteoporosis-related fracture 
in men is considerable, with 25%–30% of all hip fractures 
occurring in males. Despite this, there is a lack of understanding 
of the etiology and epidemiology of male osteoporosis. In many 
cases, a secondary cause is evident, such as alcohol abuse, 
glucocorticoid excess (either therapy with glucocorticoids 
or endogenous Cushing’s syndrome), hypogonadism, or 
hyperparathyroidism. In a large number, however, no cause 
can be identified (so-called idiopathic osteoporosis).[4] Even 
though uncertainties remain about whether to use absolute or 
relative risk in diagnosing male osteoporosis, the International 
Society for Clinical Densitometry recommends that we 
use the male database and the T-score of less than-2.5 to 
diagnose osteoporosis in men. By applying these standards, 
according to the World Health Organization, it is estimated 
that 1-2 million men in the United States have osteoporosis (T 
score-2.5) and another 8–13 million have osteopenia 
(T-score between-1.0 and-2.5). The respective age-adjusted 
prevalence figures are impressive: 6% for osteoporosis and 
47% for osteopenia. On the other hand, if one applies the 
female reference standard to men (BMD-2.5 SD below peak 
bone mass for women), the numbers become much smaller, 
namely, 0.3–1 million men with osteoporosis (age-adjusted 

Table 1: Demographic profile at baseline and end of 
follow‑up

Parameter At baseline At the end 
of follow up

P

n 200 163
Age (years) 73.8±2.8 73.2±5.1 0.1796
Hemoglobin (g/dl) 13.0±1.5 13.6±7.1 0.2906
Blood urea nitrogen (mg/dl) 12.4±3.0 12.8±7.5 0.5226
Serum creatinine (mg/dl) 0.9±0.3 0.9±0.4 0.9999
Fasting plasma 
glucose (mg/dl)

96.6±11.7 96.4±11.2 0.8684

Postprandial plasma 
glucose (mg/dl)

148.6±26.6 147.9±26.4 0.8024

LDL cholesterol (mg/dl) 87.3±10.2 87.9±12.9 0.6292
HDL cholesterol (mg/dl) 46.7±7.3 42.8±6.3 <0.0001*
Triglycerides (mg/dl) 119.7±40.2 118.5±17.1 0.7028
*Significant. LDL: Low-density lipoprotein, HDL: High-density 
lipoprotein

Table 2: Bone and hormonal parameters at baseline and 
end of follow‑up

Parameter At baseline At the end of 
follow up

P

n 200 163
Serum calcium (mg/dl) 9.5±0.59 9.6±0.72 0.9999
Serum phosphorous (mg/dl) 3.5±0.51 3.6±0.49 0.9999
24 h urinary calcium (mg) 119.35±20.54 124.62±27.60 0.044*
24 h urinary 
phosphorous (mg)

667.74±143.75 648.85±148.98 0.2212

24 h urinary creatinine (mg) 1191.57±159.09 1171.29±183.36 0.2602
PTH (pg/ml) 35.45±11.43 40.45±12.40 <0.0001*
Serum vitamin D (ng/ml) 44.89±11.89 50.59±15.29 0.2474
Testosterone (ng/ml) 5.17±1.69 5.86±1.28 <0.0001*
Serum osteocalcin (ng/ml) 7.28±2.38 7.61±2.03 0.1548
Urine NTx 
(nMBCE/mm Cr)

36.52±10.23 36.17±11.96 0.7356

T score: Lumbar spine −1.38±0.97 −1.23±0.87 0.1216
T score: Femoral neck −1.13±0.85 −1.10±0.75 0.7248
T score: Total hip −0.92±0.78 −0.91±0.62 0.8942
*Significant. PTH: Parathyroid hormone, NTx: N-terminal telopeptide
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prevalence, 4%) and 4-9 million with osteopenia (age-adjusted 
prevalence, 33%). These latter figures are not consistent 
with epidemiological data. Although controversy exists over 
what database to use, it is clear that men, like women, are at 
substantial risk for developing osteoporosis throughout the 
world. In our study of randomly selected patients, osteoporosis 
was detected in 8.5% and osteopenia in 31.5% patients. Patients 
having osteoporosis were on an average about 7-year-older than 
those having osteopenia, possibly giving a glimpse into the 
natural history of disease. Aging in men, like aging in women, 
is associated with dramatic increases in fracture risk. The 
exponential increase in risk occurs approximately one decade 
later than in women. It has been estimated that the lifetime 
risk of a man suffering an osteoporotic fracture is actually 
greater than his likelihood of developing prostate cancer.[5] 
Age >70 years was a strong risk factor of osteoporosis in our 
study. The causes of bone loss in men are thought to be related 
to genetics, environmental, hormonal, and disease-specific 
factors. As in females, osteoporosis in males can be attributable 
to specific, underlying etiologies requiring careful clinical 
evaluation. Approximately, 50% of men with osteoporosis are 
diagnosed with an underlying “secondary” cause. This leaves 
a large percentage of men whose osteoporosis is not explained, 
so-called “primary” or “idiopathic” osteoporosis. Most of the 
men in this category are <65–70 years of age. Of course, there 
are men over 70 with osteoporosis in which the cause is not 
known. The older the patient, however, the more we are likely 
to relate the osteoporosis to age and not to a specific or unknown 
cause. Clearly, the younger the patient, the more likely it is that 
other explanations are needed to account for the condition. The 
three major causes of secondary osteoporosis in men are alcohol 
abuse, glucocorticoid excess (either endogenous Cushing’s 
syndrome or, more commonly, chronic glucocorticoid therapy), 
and hypogonadism.[6,7] We had excluded men with alcohol 
abuse. Hypogonadism was a strong risk factor for osteoporosis 
in our study accounting for about 70% cases. Several studies 
conducted in the second half of the 20th century found an 
association between osteopenia or osteoporosis and Vitamin 
D deficiency, which was common in older individuals.[8] 
The response of the parathyroid glands to a given degree of 
Vitamin D deficiency increases with age.[9] There is widespread 
agreement that serum 25-OH-D levels should be kept above 
80 nmol/L (32 ng/ml) although several studies fail to support 
this high target level.[10] Vitamin D was found to be strong 
risk factor for decreased bone density in our study, which is 
consistent with literature. Preventive interventions in males are 
similar to the approach used for women. Dietary calcium intake 
should be 1200-1500 mg, consistent with the National Institutes 
of Health and Food and Nutrition Board recommendations 
for optimal calcium intake.[11] Vitamin D intake must also 
be adequate and individuals should receive 400–600 IU/day. 
In men over 70 years of age, many experts make a general 
recommendation of 600-800 IU/day. Adequate exercise should 
also be strongly advised. However, drug therapy is almost 
always indicated in men at high risk for fracture.

Bisphosphonate therapy is becoming a mainstay in the 
treatment of male Osteoporosis.[12] All of our patients with 
osteoporosis were on calcium, Vitamin D and weekly 70 mg 
of alendronate. This form of therapy was supplemented 
by androgen replacement in hypogonadal patients. Repeat 
BMD after 1 year did not show further deterioration. Weekly 
alendronate was found to be safe and efficacious. Similar 
results have been shown by Orwoll et al.,[13] who conducted 
a large, randomized, placebo-controlled trial reporting an 
increase in BMD in a subgroup of men with osteoporosis 
treated with alendronate. In multivariate analysis, androgen 
replacement was effective in improving BMD at lumbar spine. 
A meta-analysis of placebo-controlled trials of testosterone 
treatment in men with any degree of androgen deficiency (most 
of them showing low normal or normal testosterone levels at 
baseline) suggested a beneficial effect on lumbar spine BMD, 
but equivocal findings at the femoral neck.[14]

Interesting findings noted in our study were increase in HDL 
that can be ascribed to improved lifestyle measures, frequent 
counseling, and possibly Vitamin D supplementation.[15] 
Similarly, 24 h urinary calcium showed minimal increase 
in serum calcium levels (within normal limits) that can be 
explained by in calcium and Vitamin D supplementation. 
Increase in serum iPTH despite improvement in serum Vitamin 
D levels can be attributed to bisphosphonate therapy and 
aging[16] of the study population.

Limitation of our study was about 20% dropouts in follow-up. 
In our study, we were unable to find out association of bone 
markers with BMD as has been reported from various studies. 
This could be attributed to standardization issues.

conclusions

In our study, osteoporosis was found in 8.5% patients while 
another 31.5% of patients had osteopenia. Age >70 years, 
low androgen level (<3 ng/ml), steroid use, and low Vitamin 
D (<20 ng/ml) were independent risk factors of male 
osteoporosis. Calcium, Vitamin D, and alendronate are 
effective in improving BMD. Androgen replacement has 
beneficial effect on BMD in hypogonad patients.
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