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Abstract

Background: Low bone mineral density and osteoporosis is prevalent in elderly subjects. This study aimed to determine the asso-
ciated factors of bone mineral density and osteoporosis in elderly males.
Methods: All participants of the Amirkola health and ageing project cohort aged 60 years and older entered the study. Bone min-
eral density at femoral neck and lumbar spine was assessed by the dual energy X-ray absorptiometry (DXA) method. Osteoporosis
was diagnosed by the international society for clinical densitometry criteria and the association of bone mineral density and osteo-
porosis with several clinical, demographic and biochemical parameters. Multiple logistic regression analysis was used to determine
independent associations.
Results: A total of 553 patients were studied and 90 patients (16.2%) had osteoporosis at either femoral neck or lumbar spine. Dia-
betes, obesity, metabolic syndrome, overweight, and quadriceps muscle strength > 30 kg, metabolic syndrome, abdominal obesity
and education level were associated with higher bone mineral density and lower prevalence of osteoporosis, whereas age, anemia,
inhaled corticosteroids and fracture history were associated with lower bone mineral density and higher prevalence of osteoporo-
sis (P = 0.001). After adjustment for all covariates, osteoporosis was negatively associated only with diabetes, obesity, overweight,
and QMS > 30 kg and positively associated with anemia and fracture history. The association of osteoporosis with other parameters
did not reach a statistical level.
Conclusions: The findings of the study indicate that in elderly males, diabetes, obesity and higher muscle strength was associated
with lower prevalence of osteoporosis and anemia, and prior fracture with higher risk of osteoporosis. This issue needs further
longitudinal studies.
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1. Background

Bone mass decreases with aging and results in osteo-
porosis in elderly subjects. Low bone mass is an important
public health problem in both aged females and males be-
cause of its consequent bone fractures and resultant mor-
bidities, disability as well as social costs (1). Similar to
postmenopausal females, osteoporosis is also prevalent in
males and almost 25% of males older than 50 years old, will
experience an osteoporotic fracture (2).

Bone mineral density (BMD) loss is an important con-
tributor of fracture particularly in subjects aged 65 years
and over (3). Mortality of hip fracture in males is two to
three folds greater than in females (4). Only 21% of males
with hip fractures can live independently in the com-
munity during the following year; other patients require
home care or institutionalization (5). In elderly males, de-

creased bone mass and increased risk of fracture have been
attributed to low levels of sex steroids by aging, as well as
age-related osteoblast dysfunction (6).

The results of a longitudinal study, over a 4.6-year
follow-up period indicated that combination of low estra-
diol and low testosterone was associated with significantly
faster BMD loss in males (7). The results of a systematic re-
view of 55 studies showed that factors such as age, low body
mass index (BMI), current smoking, excessive alcohol use,
chronic corticosteroid use, hypogonadism, diabetes, prior
fractures, history of falls and stroke, are risk factors of low
bone mass in males (4).

Secondary causes of osteoporosis are also common,
and in a study of elderly males and females the causes of
osteoporosis were treatable in a significant proportion of
patients (8). Several previously published studies have ad-
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dressed the causes of bone loss in elderly subjects (8-15).
Nonetheless, the results of studies regarding the relation-
ship between BMD changes and many associated factors
especially obesity, metabolic syndrome and diabetes, var-
ied across various studies (11, 12, 14-16). This issue may be
attributed to characteristics of the study subjects, such as
ethnicity, lifestyle, demographic features or study design.
In addition, age, level of daily physical activities, educa-
tion and serum vitamin D may differently affect the results
across different study populations.

Contribution of the associated factors in the develop-
ment of low BMD differs among various studies. In one
study of community-dwelling white males, aged > 65 years
old, bioavailable testosterone accounted for 20.7%, physi-
cal activity score for 9% and BMI for 6.5% of BMD variance
(10). Awareness of the associated factors of bone changes in
elderly patients is of particular importance because a num-
ber of risk factors can be treated or modified (8, 9).

Prevalence of osteoporosis in Iranian populations has
been investigated in several studies but the results are
conflicting (17). A number of anthropometric, nutritional
and economical factors have been investigated and have
concluded that in the Iranian population, BMD is lower
than European and US populations due to differences in
lifestyle, ethnicity, nutrition and anthropometrics (18).

We have shown the associated factors of osteoporosis
in elderly females living in northern Iran (19) yet epidemi-
ological data regarding the prevalence and the associated
factors of BMD in elderly males are lacking. This issue justi-
fies a study to address the associated factors of low BMD in
older males. In particular, many clinical conditions such as
diabetes, obesity, metabolic syndrome, and vitamin D de-
ficiency, which diversely influence BMD, are highly preva-
lent in this area (20-24).

2. Objectives

The aim of this study was to determine the association
between BMD as well as osteoporosis and several clinical,
biochemical, and socio-demographic characteristics in el-
derly males aged 60 years and older. The study population
consisted of all male participants of the Amirkola health
and ageing project (AHAP) cohort (23).

Since the participants of this cohort had similar char-
acteristics regarding ethnicity, nutrition, lifestyle, body
habitus and socio-demographic features, the results of this
study are expected to have a low level of bias.

3. Methods

The patients of this study were selected according to
the inclusion criteria for male participants of the cohort

of the Amirkola health and ageing project (AHAP). This
project was conducted in Amirkola, Babol, a town located
in the southern shore of the Caspian Sea, north of Iran.
The project was funded by the vice-chancellery of Research
and Technology, Babol University of Medical Sciences for
investigation of geriatric medical problems such as falling,
bone fragility and fractures, cognitive impairment and de-
mentia, poor mobility and functional dependence. The
baseline of this project was done during years 2011 and
2012. All inhabitants aged 60 years and over were invited
to participate in this study and 72.3% of the invited sub-
jects participated and completed the project (23). All male
participants, who performed bone densitometry, entered
the study. Individuals with acute or chronic inflamma-
tory musculoskeletal diseases, systemic gastrointestinal,
renal, respiratory diseases and patients, who were receiv-
ing anti-osteoporosis treatment and oral corticosteroids,
were excluded. Informed consent was obtained from all
patients and the proposal of this study was approved by
the ethic committee of the Babol University of Medical Sci-
ences, Babol, Iran.

Data were collected for age, marital status, smok-
ing, prior history of fractures, taking medication such
as calcium and vitamin D supplementation as well and
inhaled corticosteroids, anti-osteoporosis treatment, oc-
cupation, educational level, physical activity, quadriceps
muscle strength (QMS), BMI, hemoglobin, serum crea-
tinine, calcium, phosphate, serum 25-hydroxyvitamin D
concentration, ferritin, thyroid function test, testosterone
and parathyroid hormone level (Table 1). The QMS was mea-
sured in both limbs by hand -helded dynamometry . In this
method, isotonic knee joint extension was performed in
a seated position against a fixed dynamometer which was
positioned 5 cm above the lateral malleolus of the tibia.
The average value of three measurements was considered
for analysis. Details of the data collection and the specific
methods for blood analysis have been described elsewhere
(23). Osteoporotic fractures were confirmed based on self-
reported data and medical records. Traumatic bone frac-
tures were excluded. Diabetes was confirmed by history
and fasting blood sugar measurement and metabolic syn-
drome was confirmed by ATP III criteria and abdominal
obesity was confirmed by waist circumference > 95 cm
(22). The BMD was measured in the lumbar spine (LS) at L2
- L4 regions and femoral neck (FN) by dual energy X-ray ab-
sorptiometry (DXA) method using the Lexxos densitome-
ter. The precision errors of BMD measurements were 1.3 %
for total hip, 2% for femoral neck and 2.3% for spine. The re-
sults of BMD measurement were expressed as BMD g/cm2,
BMD T-score, BMD Z -score. Osteoporosis was diagnosed ac-
cording to the International Society for Clinical Densitom-
etry criteria defined as BMD values of 2.5 SD or more below
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the mean value for young adults (T-score ≤ - 2.5) at either
FN or LS measurement sites (one diagnostic category) (25).
The reference value for determination of T- score was pro-
vided by the manufacturer (Lexxos).

3.1. Statistical Analysis

In the statistical analyses, the proportion of osteoporo-
sis at either FN or LS was determined and patients with
and without osteoporosis were compared according to
BMD parameters, frequency of clinical conditions, demo-
graphic and biochemical characteristics (Table 1). The cor-
relation was determined using the Pearson test. Associ-
ation was determined by chi square test by calculation
of odds ratio (OR) with 95% Confidence Interval (95%CI).
Multivariate regression analysis with simultaneous adjust-
ment for all covariates (was used to estimate the indepen-
dent association between osteoporosis and demographic,
clinical and biochemical factors by calculation of adjusted
OR (95% CI). The SPSS software version 18 was used for the
analysis.

4. Results

A total of 553 males with mean age of 70.0 ± 7.7 years
were studied. Two hundred and twenty nine subjects
(41.4%) were > 70 years old. Ninety out of 553 subjects
(16.2%) had osteoporosis at either LS or FN. Mean age of
osteoporotic patients was significantly higher than those
without osteoporosis (71.4±8.1 vs. 68.5±7 years, P = 0.001).

The BMD gr/cm2 at both measurement sites in patients
with and without osteoporosis is shown in Table 2. As ex-
pected, all BMD parameters at both FN and LS were signifi-
cantly lower in osteoporotic patients as compared with pa-
tients without osteoporosis. The magnitudes of FMBMD
and LSBMD in osteoporotic patients were lower by 24.7%
and 26.8%, respectively (Table 2). History of fractures was
found in 158 subjects with mean age of 68.2 ± 7.16 years.
Subjects with fractures had significantly lower FNBMD and
LSBMD but higher prevalence of osteoporosis (Figure 1).

Characteristics of patients with and without osteo-
porosis are presented and compared in Tables 1 and 2).
In patients with osteoporosis, prevalence of diabetes,
metabolic syndrome, general obesity and abdominal obe-
sity was significantly lower and anemia was significantly
higher (P = 0.001, for all). Serum 25-hydroxyvitamin D
in osteoporotic patients was non-significantly lower (P =
0.088). Prevalence of fractures in osteoporotic patients
was significantly higher (P = 0.004). Prevalence of subjects
taking inhaled corticosteroid was higher and those with
higher level of education were significantly less common

amongst osteoporotic patients (P = 0.004, and 0.009 re-
spectively) while patients with high level of physical activ-
ity and subclinical hypothyroidism (TSH > 5) were compa-
rable in both groups (Table 1).

Biochemical parameters such as serum hemoglobin,
iron and ferritin were significantly lower in patients with
osteoporosis (P = 0.001; P = 0.009 and P = 0.036, respec-
tively). Serum creatinine, Ca, phosphate, uric acid, trans-
ferring, parathyroid hormone and testosterone, did not
differ between the two groups. Serum 25-hydroxyvitamin
D in osteoporotic patients was non-significantly higher (P
= 0.051) and prevalence of 25-hydroxyvitamin D deficiency
was non-significantly lower in osteoporosis (P = 0.088).

There was a positive relationship between increasing
age and prevalence of osteoporosis. Prevalence of osteo-
porosis increased from 13% in the age group of 60 - 69 years
to 36.4% in patients aged 80 years and older (P = 0.001)
(data are not shown). Both FNBMD and LSBMD correlated
negatively with age (r = - 0.332, P = 0.001 and -0.133, P =
0.001) (Table 3). In regression analysis compared with age
group of 60 - 69 years, age of > 80 years was associated with
significantly higher risk of osteoporosis by OR = 2.15 (95%
CI, 1.009 - 4.59, P = 0.045) (Table 4).

After adjustment for other confounders including age,
metabolic syndrome, muscle strength, physical activity,
educational level, history of fractures, abdominal obesity,
smoking and other biochemical parameters (Table 1), the
association between age and osteoporosis decreased to a
non-significant level. Subgroup analysis demonstrated a
similar distribution of general and abdominal obesity as
well as metabolic syndrome across various age groups but
the distribution of muscle strength was inversely corre-
lated with age (data are not shown). Prevalence of muscle
strength > 30 kg decreased by age from 61.7% in the age
group of 60 - 69 years to 12.7% in the age group of > 80 years
(P = 0.001).

Body mass index was positively correlated with BMD at
both measurement sites. The magnitude of Pearson corre-
lation coefficient for BMI and FNBMD was higher than BMI
and LSBMD (r = 0.565 vs. 0.383) (Table 3).

Compared with BMI < 25 kg/m2, obesity (BMI > 30
kg/m2) and overweightness (BMI = 20 - 29 kg/m2) were as-
sociated with lower risk of osteoporosis by OR = 0.20 (95%
CI, 0.11 - 0.36, P = 0.001) and OR = 0.29 (95%CI, 0.07 - 0.54,
P = 0.001), respectively. After adjustment for the earlier
mentioned confounders (Table 1), lower risk of osteoporo-
sis remained at a significant level for obese and overweight
cases (OR = 0.21 (95% CI, 0.1 - 0.42, P = 0.001) and OR = 0.25
(95% CI, 0.06 - 0.0.92, P = 0.038), respectively) (Table 4).

Diabetes was associated with significantly lower risk of
osteoporosis by OR = 0.35 (95% CI, 0.18 - 0.68, P = 0.001).
After adjustment for the mentioned confounders includ-
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Table 1. Comparison of Clinical and Biochemical Characteristics in Elderly Males With and Without Osteoporosis Recruited From the Amirkola Cohort Studya , b

Patients Characteristics Osteoporosis Presentc Osteoporosis Absent P Values

No. of patients 90 463

Aged , y 71.4 ± 8.1 68.5 ± 7 0.001

Bodymass indexd , kg/m2 23.5 ± 3.5 26.6 ± 3.9 0.001

< 25 67 (74.4) 154 (33.2)

25 - 29 18 (20) 224 (48.4) 0.001

> 30 5 (5.6) 85 (18.4) 0.001

Total physical activity scored 97 ± 67 110 ± 69.8 0.092

Quadricepsmuscle strengthd ,kg 23.4 ± 8.3 30.1 ±3.9 0.001

Education level, No. (%) 0.023

Illiterate 62 (68.8) 258 (55.7)

Primary school 23 (25.6) 136 (29.4) 0.023

High school and university 5 (5.6) 69 (14.9) 0.004

Inhaled /oral corticosteroid users 11 (12.2) 23 (5) 0.009

Smokers 30 (33.3) 157 (33.9) 0.916

History of fractures, No (%) 37 (41.1) 121 (26.1) 0.004

Vitamin Dd , ng/mL 36.9 ± 27.8 30.7 ± 25.4 0.051

< 20 28 (31) 164 (35.4)

0.08820 - 20 27 (30) 172 (37.2)

> 30 35 (38.9) 127 (27.4)

Hemoglobind , gr/dL 13.7 ±1.4 14.5 ± 1.4 0.001

Serum creatinined , mg/dL 1.002 ±0.22 1.03 ± 0.22 0.266

Serum Irond ,µg/dL 80.8 ± 33.7 91.4 37.4 0.009

TIBCd ,µg/dL 282 ± 46.6 278 ±42 0.404

Serum ferritind , ng/mL 143.4 ± 106 171.3 ± 116 0.036

Serum calciumd , mg/dL 9.2 ± 0.42 463 ± 9.2 0.611

Serumphosphated , mg/dL 3.9 ± 0.63 3.8 ±0.59 0.063

Parathyroid hormoned , pg/mL 53.9 ± 38 53.9 ±40 0.99

SerumTestosteroned , ng/dL 4.3 ± 3.5 4.8 ± 4.4

Diabetes, No. (%) 11 (12.2) 131 (28.3) 0.001

Metabolic syndrome, No. (%) 42 (46.7) 325 (70.2) 0.001

SerumTSH,µ IU/mL, No. (%)

0.45
< 0.5 0 8 (1.7)

0.5 - 5 79 (87.8) 400 (86.4)

> 5 11 (12.2) 55 (11.9)

Abdominal obesity, No. (%)e 9 (10) 141 (30.5) 0.001

Anemia, No. (%)f 24 (29.6) 66 (14) 0.001

aChi square test with calculation of 95% CI.
bMultiple regression analysis with calculation of 95% CI.
cOsteoporosis at either femoral neck or lumbar spine according to International society for clinical densitometry (ISCD) criteria.
dmean ± SD.
eWC, Waist Circumference > 95 cm.
f Anemia defined as hemoglobin < 13 gr/dL.

ing BMI, metabolic syndrome, abdominal obesity, muscle
strength and age, the risk of osteoporosis remained at a sig-
nificantly lower level by adjusted OR = 0.31 (95% CI, 0.13 -
0.73, P = 0.007) (Table 4).

Abdominal obesity was significantly correlated with
both FNBMD (r = 0.462, P = 0.001) and LSBMD (r = 0.309, P
= 0.001). In subjects with abdominal obesity, the risk of os-
teoporosis was significantly lower as compared with those
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Table 2. Comparison of Femoral Neck (FN) and Lumbar Spine (LS) Bone Mineral Density (BMD) in Elderly Males Aged 60 Years and Older as Participants of the Amirkola Cohort
Studya

BMD Parameters Osteoporosisb Positive, n = 90 Osteoporosis Negative, n = 463 P Values

FNBMD, gr/cm2 0.70 ± 0.09 0.93 ± 0.12 0.001

FNBMD T-score -2.43 ± 0.64 -0.85 ± 0.93 0.001

FNBMD Z-score -1.7 ± 0.60 -0.25 ± 0.86 0.001

LSBMD, gr/cm2 0.71 ± 0.12 0.97 ± 0.15 0.001

LSBMD T-score -2.59 ± 0.86 -0.75 ± 1.11 0.001

LSBMD Z-score -1.76 ± 0.88 -0.021 ± 1.14 0.001

FNBMD, gr/cm2 0.70 ± 0.09 0.93 ± 0.12 0.001

aPearson was used as appropriate with calculation of correlation coefficient.
bOsteoporosis at either femoral neck or lumbar spine according to international society for clinical densitometry (ISCD) criteria.

Table 3. Correlation Coefficients Between Clinical and Biochemical Factors and Femoral Neck Bone Mineral Density (FNBMD) and Lumbar Spine Bone Mineral Density (LSBMD)
in Elderly Males Above 60 Years Old Recruited From the Amirkola Cohort Studya

BMDMeasurement Sites Age Muscle Strength, kg BMI, kg/m2 Hemoglobin, gr/dL Ferritin, ng/mL Abdominal Obesityb

FNBMD gr/cm2 -0.332, 0.001 0.363, 0.001 0.565, 0.001 0.200, 0.001 0.158, 0.001 0.462, 0.001

LSBMD, gr/cm2 -0.133, 0.001 0.237, 0.001 0.383, 0.001 0.125, 0.003 0.117, 0.006 0.309, 0.001

aPearson with calculation of correlation coefficient.
bWaist Circumference > 95 cm.

without abdominal obesity by OR = 0.25 (95%CI, 0.12 - 0.51,
P = 0.009) yet after correction for other clinical and bio-
chemical confounders (Table 1), the association reached a
statistically non-significant level (Table 4).

Metabolic syndrome was also associated with lower
risk of osteoporosis compared to those without this syn-
drome. However, after adjustment for confounders (Ta-
ble 1), the risk of osteoporosis reached a statistically non-
significant level (Table 4).

Quadriceps muscle strength had a positive relation-
ship with BMD at both FN and LS sites (Table 3) and muscle
strength > 30 kg was associated with lower risk of osteo-
porosis compared with < 30 kg by OR = 0.42 (95% CI, 0.23
- 0.76, P = 0.005), and after adjustment the negative asso-
ciation of muscle strength and osteoporosis remained at a
significant level by OR = 0.48 (95%CI, 0.25 - 0.89, P = 0.002)
(Table 4).

Anemia was associated with higher risk of osteoporo-
sis as compared with patients without anemia by OR = 1.99
(95% CI, 1.03 - 3.8, P = 0.038). In patients with history of
osteoporotic fractures, the risk of osteoporosis was higher
with OR = 2.22 (95% CI, 1.26 - 3.93, P = 0.0006).

High level of education was associated with non-
significantly lower and inhaled corticosteroids with non-
significantly higher risk of osteoporosis (Table 4). How-
ever, high level of physical activity, vitamin D deficiency,
serum level of testosterone, high serum ferritin, smoking,
and subclinical hypothyroidism had no association with
osteoporosis (Table 4).

5. Discussion

The findings of this study indicated that 16.2% of el-
derly males in the geographic region of northern Iran had
osteoporosis at either the hip or spine region. Among
several clinical, demographic and laboratory parameters,
which have been investigated, factors such as diabetes,
BMI, muscle strength, metabolic syndrome, abdominal
obesity and educational level were positively associated
with higher BMD and lower risk of osteoporosis in uni-
variate analyses whereas anemia, inhaled corticosteroids,
history of fracture and age, were associated with lower
BMD and higher risk of osteoporosis in the elderly males.
However, in multivariate analyses after adjustment for all
covariates, only diabetes, obesity, overweight and quadri-
ceps muscle strength were associated with lower risk of os-
teoporosis, while anemia and fracture history were asso-
ciated with significantly higher risk of osteoporosis. Fur-
thermore, traditional factors such as age, smoking, vita-
min D deficiency, physical inactivity, which were associ-
ated with low BMD in other studies, significantly associ-
ated with osteoporosis in this study. Although the findings
of this study are supported by several previously published
studies, they differ with the results of other studies (7-9,
16, 19, 26-29). Several parameters including study design,
age of patients, gender, ethnicity, nutrition, body habitus,
lifestyle, BMD measurement sites, prevalence and distribu-
tion of the associated factors in the general population and
coexistence of these conditions in patients may explain the
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Table 4. Associated Factors of Osteoporosis in Elderly Males With Calculation of Odds Ratio (OR) and Adjusted OR Using Multiple Logistic Regression Analysisa , b , c

Variables Unadjusted OR P Adjusted OR P

Age, y

60 - 69 1 - -

70 - 79 0.84 (0.46 - 1.52) 0.56 0.72 (0.38 - 1.36) 0.31

> 80 2.15 (1.009 - 4.59) 0.046 1.60 (0.69 - 3.7) 0.27

BMI, kg/m2d

< 25 1 - 1

25 - 29 0.20 (0.11 - 0.36) 0.001 0.21 (0.10 - 0.42) 0.001

> 30 0.29 (0.07 - 0.54) 0.001 0.25 (0.06 - 0.92) 0.038

Serumvitamin D, ng/mLe

> 30 1 - 1 -

20 - 29 0.56 (0.32 - 0.98) 0.049 0.92 (0.47 - 1.81) 0.82

< 20 0.61 (0.35 - 1.07) 0.095 1.3 (0.68 - 2.5) 0.41

Testostrone, ng/dLf

< 3 1 - 1 0.16

3 - 10 0.75 (0.46 - 1.21) 0.26 0.66 (0.38 - 1.17) 0.49

> 10 0.76 (0.31 - 1.86) 0.67 0.69 (0.25 - 1.94)

Education levels

Illiterate 1 1 1

Primary school 0.70 (0.41 - 1.18) 0.11 0.86 (0.47 - 1.58) 0.63

High school and university 0.30 (0.11 - 0.77) 0.004 0.46 (0.15 - 1.39) 0.17

Physical activityg

> 150 vs. < 150 1.05 (0.57 - 1.94) 0.87 0.92 (0.46 - 1.82) 0.81

Diabetes

Yes vs. NO 0.35 (0.18 - 0.68) 0.001 0.31 (0.13 - 0.73) 0.007

Metabolic syndrome

Yes vs. No 0.37 (0.23 - 0.58) 0.002 0.82 (0.45 - 1.5) 0.54

Inhaled corticosteroids

Yes vs. No 2.66 (1.24 - 5.68) 0.017 2.16 (0.83 - 5.6) 0.11

Abdominal obesityh

Yes vs. No 0.25 (0.12 - 0.51) 0.009 0.69 (0.26 - 1.85) 0.47

Anemiai

Yes vs. No 2.59 (1.50 - 4.45) 0.007 1.99 (1.03 - 3.8) 0.038

Smoking

Yes vs. No 0.97 (0.60 - 1.57) 0.91 0.82 (0.46 - 1.45) 0.51

History of fracture

Yes vs. No 1.97 (1.23 - 3.15) 0.005 2.22 (1.26 - 3.93) 0.006

Serum ferritinj

> 100 vs. < 100 0.66 (0.42 - 1.05) 0.097 0.98 (0.57 - 1.67) 0.94

Quadricepsmuscle

strength > 30 kg vs. < 30 kg 0.42 (0.23 - 0.76) 0.005 0.48 (0.25 - 0.89) 0.002

aOsteoporosis at either femoral neck or lumbar spine according to International society for clinical densitometry (ISCD) criteria.
bChi square test with calculation of 95% CI.
dBMD < 25 kg/m2 = normal weight or underweight, 25 - 29 = overweight , > 30 = obesity.
eSerum 25-OHD < 20 ng/mL = deficiency, 20 - 29.9 = insufficiency, > 30 = sufficiency.
f Serum testosterone < 3 ng/dL = low, 3 - 10 =normal, > 10 = high.
gDetermined using questionnaire for daily physical activity > 150 = high, < 150 = low.
hWC > 95 cm.
iAnemia defined as hemoglobin levels less than 13 gr/dL.
jSerum ferritin > 100 ng/mL = high < 100 ng/mL = low.
cMultiple regression analysis with calculation of 95% CI.
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Figure 1. Correlations Between BMD gr/cm2 and Associated Variables

LS, lumbar spine; BMD, bone mineral density; FN, femoral neck; BMI, body mass index; WC, waist circumference > 102 cm; FBS, fasting blood sugar.

different results between various studies.

Prevalence of osteoporosis in another Iranian popula-
tion with mean age of 54.2 ± 11.5 years was 19.9% (30) and
in a study on Danish males aged 60 - 74 years was 10.2% (27).
Difference in the prevalence of osteoporosis between pop-
ulations is dependent on age, patient’s characteristics, and
design of the study as well as the level of participation in
the epidemiological studies. Oldest and sickest individuals

declined to participate, which introduced an unavoidable
bias. Distance and motivation may also influence response
rate and the representativeness of the cohort.

Hannan et al. (9), in a meta-analysis of 167 studies
found age > 70 years, low BMI, physical inactivity, pro-
longed corticosteroids therapy and previous fractures as
risk factors of low BMD-related fracture in males and fe-
males (26). Similar findings were reported in a longitudi-
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nal study of elderly males and females (9).
Age is an important cause of low BMD (4, 9, 31). In

the present study, age was inversely correlated with low
BMD and osteoporosis, but the association of age with os-
teoporosis decreased to a non-significant level after mul-
tivariate analyses. This issue may be explained by vari-
ations in distribution of diabetes, obesity in particular
muscle strength across various age groups. While di-
abetes and obesity were positively distributed amongst
age groups, yet prevalence of patients with high muscle
strength was significantly higher in younger age groups,
which explained age-related differences in osteoporosis in
this study (data are not shown). Therefore, disappearance
of negative association with age after multivariate analy-
ses in this study should be attributed to removing of the
positive effect of muscle strength on BMD. A significant
positive correlation between muscle strength and BMD, as
observed in this study, was supported by Ahedi et al. (32),
who found a positive association between FNBMD and hip
muscle cross-sectional area and muscle strength. It was
shown that patients with greater and denser psoas mus-
cles have greater LSBMD, and those with higher quadriceps
muscles strength have greater FNBMD (28).

In the present study, BMD in diabetes was higher than
non-diabetic individuals. Similar or different results have
been reported in other studies (33-36), which may be as-
cribed to differences in age of patients, gender, ethnicity
or BMD measurement site. Treatment of diabetes with met-
formin stimulates osteoblast differentiation and hyperin-
sulinemia exerts anabolic on BMD (37).

In this cohort study, BMI was positively correlated with
BMD and the risk of osteoporosis was lower in subjects
with higher BMI as compared with lower BMI, which is con-
sistent with other studies (12). Rexhepi et al. (12), found
an independent association between BMI and FNBMD as
well as LSBMD in males and postmenopausal females. In
a cross-sectional study of individuals with BMI < 30 kg/m2,
there was a positive linear relationship between BMI and
BMD up to 30 kg/m2, and greater than 30 kg/m2 was as-
sociated with little BMD increment (37). The association
between BMI and BMD is race dependent. Castro et al.
(38), in a cross-sectional study of White and African Amer-
ican females found that each unit increase of BMI signifi-
cantly increased BMD in White females but decreased BMD
in African American females.

The positive association between obesity and BMD and
lower risk of osteoporosis as observed in the present study
has been supported by other previous studies (13, 37). Ben-
eficial effect of obesity on BMD has been attributed to load-
ing effect of weight on bone (13). However, in obese or over-
weight individuals, both fat mass and lean body mass are
components of weight. Visceral fat mass in obesity exerts a

negative effect whereas lean mass confers a positive effect
(38). In the present study, the positive effect of metabolic
syndrome and abdominal obesity on BMD disappeared af-
ter adjustment. However, data regarding metabolic syn-
drome and BMD are conflicting (39, 40). Among all compo-
nents of metabolic syndrome, waist circumference had the
strongest correlation with lower BMD (41). Waist circum-
ference, which is a diagnostic criteria for abdominal obe-
sity and one major component of the metabolic syndrome,
correlates with visceral fat mass (40).

In this study, anemia and history of fractures were asso-
ciated with lower BMD and higher risk of osteoporosis. The
relationship between anemia and osteoporosis has been
attributed to proliferation of hematopoietic cells includ-
ing osteoclasts, and subsequent augmentation of bone
desorption (41). Meta-analysis of 11 cohorts demonstrated
that prior history of fracture is associated with higher risk
of subsequent fracture (42).

The results of this study should be considered with lim-
itations .We did not find a significant association between
osteoporosis and inhaled corticosteroid therapy, physical
inactivity, smoking, serum vitamin D deficiency and low
serum testosterone. However, the results in this context
are controversial across different studies. The association
between smoking and osteoporosis is dose-dependent and
observed mainly in heavy smokers (43). Similarly, data
regarding the dosage and duration of inhaled corticos-
teroids therapy were not provided. Nonetheless, our previ-
ous study did not show a significant bone loss in inhaled
corticosteroid users amongst asthmatic patients aged >
50 years old (44). The lack of association between osteo-
porosis and vitamin D deficiency, low physical activity and
low level of education in this cohort may be attributed to
coexistence of one or more associated factors such as dia-
betes, obesity and anemia, in patients or inadequate sam-
ple size in some subgroups. These factors may differently
affect BMD and confound the results. In this study, mean
serum vitamin D was 30 ng/mL. However, sufficient lev-
els of serum vitamin D were observed in 38.9% of patients
with osteoporosis and 27.4% of those without osteoporo-
sis, which seems to be unusual in this age group. However,
data in this context are self-reported and prior injection of
vitamin D cannot be ignored. Nevertheless, these findings
are comparable with the general population of this geo-
graphic region (45).

The strength of the study is dependent on character-
istics of the cohort, which is comprised of subjects with
homogenous characteristics regarding lifestyle, socio de-
mographic characteristics, ethnicity and nutrition. All
male inhabitants of a small town aged 60 years and older,
who participated in BMD measurement, were recruited
and thus the cohort is expected to be representative of the

8 Int J Endocrinol Metab. 2017; 15(1):e39662.

http://endometabol.com/


Heidari B et al.

general population. In addition the sample size was large
enough to give the results adequate power.

5.1. Conclusion

The findings of this study indicate that in the ge-
ographic region of northern Iran, obesity, BMI, muscle
strength and diabetes correlate positively with BMD and
are associated with lower risk of osteoporosis in elderly
males whereas, anemia and history of previous fractures
are negatively correlated with BMD and higher risk of os-
teoporosis. Nonetheless, the associations of other demo-
graphic and clinical parameters like abdominal obesity,
metabolic syndrome, level of education, physical activity,
inhaled corticosteroids therapy, and smoking with BMD
did not reach a statistical level. The design of this study was
cross-sectional and the findings did not indicate causality.
This issue needs a prospective longitudinal study.
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