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Abstract
Background: Although not as common as in women, osteoporosis remains a significant health care problem in men.
Data concerning risk factors of osteoporosis are lacking for the male Moroccan population. The objective of the study
was to identify some determinants associated to low bone mineral density in Moroccan men.
Methods: a sample of 592 healthy men aged 20-79 years was recruited from the area of Rabat, the capital of Morocco.
Measurements were taken at the lumbar spine and proximal femurs using DXA (Lunar Prodigy Vision, GE). Biometrical,
clinical, and lifestyle determinants were collected. Univariate, multivariate, and logistic regression analyses were
performed.
Results: the mean (SD) age of the patients was 49 (17.2) years old. The prevalence of osteoporosis and osteopenia
were 8.7% and 52.8%, respectively. Lumbar spine and hip BMD correlated significantly with age, weight and BMI. When
comparing the subjects according to the WHO classification, significant differences were revealed between the three
groups of subjects for age, weight and BMI, prevalence of low calcium intake and low physical activity. The multiple
regression analysis found that only age, BMI, and high coffee consumption were independently associated to the
osteoporotic status.
Conclusion: ageing and low BMI are the main risk factors associated with osteoporosis in Moroccan men.
Background
Osteoporosis is characterized by a reduction in bone
mineral density (BMD), associated with skeletal fragility,
and an increased risk of fracture. Men account for 33-50%
of all vertebral fractures, 20-35% of all femoral fractures
and 15% of all distal forearm fractures[1,2]. Moreover,
fractures in men results in a higher morbidity and mortality than those observed in women [2,3]. A prior fracture seems to confer a higher relative refracture risk (2.8to 4.3-fold) that yields a similar absolute refracture risk to
that of women of the same age with an initial fracture[4].
Preventing the first such fracture may have major public
health implications. Thus, understanding the determinants of osteoporosis in men may reduce the burden of
disease through facilitating better prevention strategies.
In Morocco, the incidence of hip fractures in men has
been estimated to 58/100,000 inhabitant over 50[5] and
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the prevalence of vertebral fractures was estimated to
26% of men over 50[6].
Dual energy x-ray absorptiometry (DXA) is recognized
as the reference method to measure BMD accurately and
reproducibly[7]. Although BMD should not be used in
isolation to predict fractures, BMD predicts osteoporotic
fractures in men independently of age, body weight, and
prevalent fractures and regardless of the site of measurement[8]. Several studies have tried to identify the main
determinants of low BMD in men. However, almost all of
the published studies in the literature come from American, European or Asian countries. The World Health
Organization (WHO) has developed recently a tool
(FRAX) that integrates both clinical risk factors and BMD
(femoral neck T-score) in order to predict the 10-year
probabilities for hip fracture and major osteoporotic fracture (clinical spine, hip, forearm, or shoulder)[9]. This
tool has also been validated in men from some European,
American and Asian studies. Thus, data about risk factors of low BMD in men in the south bank of the Mediter-
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anean Sea are lacking. Furthermore, we have already
shown some differences and specificities in risk factors of
osteoporosis in women in our region compared to western populations[10,11]. Therefore, the aim of this crosssectional study was to determine risk factors associated
to low bone mineral density in Moroccan men.

Methods
Subjects

A total of 592 healthy Moroccan men (age range: 20-79
yr) living in the Rabat area participated in the present
study. The subjects were volunteers aged between 20 and
79 years. The recruitment was made in part among hospital staff, university students and lay people contacted by
word of mouth and through advertisements. We also
asked some general practitioners to invite healthy men to
participate to the study. Though the sample was not a
true probability sample, care was taken to ensure representativeness of the general population, enrolling nearly
ten subjects per year of age and with a particular regard
to the inclusion of a wide range of body sizes and activities.
The BMD of the lumbar spine and proximal right femur
of these male volunteers with no previous history of bone
disease was measured after they gave informed consent.
The study was approved by the local Ethics Committee.
All subjects were fully ambulatory. Screening was done
by physical examination and questionnaires. Men using
medications affecting calcium metabolism and those with
medical conditions known to affect bone metabolism or
with a history of major systemic disorder were excluded.
Thus, we excluded subjects with non-Caucasian origin,
gastrectomy, intestinal resection, recent hyperthyroidism
or hyperparathyroidism, treatment with corticosteroids
for more than 6 months, or recent severe immobilization.
We did not exclude individuals using inhalation steroids
or with certain lifestyle habits, such as heavy smoking,
being sedentary, being athletic, or having a high or low
calcium intake, which are examples of voluntary factors
that may have some impact on bone metabolism.
Each subject completed a standardized questionnaire
designed to document putative risk factors of osteoporosis. The questionnaire collected information on life style,
smoking habits, and level of physical activity in leisure
time, along with calcium consumption and the use of
vitamins and medications. Height and weight were measured in our centre before DXA measurement with light
indoor clothes on, but without shoes. Body mass index
(BMI) was calculated by dividing weight in kilograms by
height in meters squared. The men were asked whether
they usually drank milk, coffee, soft drinks or alcohol; if
they ate cheese or yogurt; if they did gymnastics or jogging/walking and if they smoked tobacco. If the answer
was positive, they were asked to quantify their average
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current consumption (evaluated on the 7 day prior to the
interview) of milk or yogurt (mL/day), cheese (g/day) and
soft drinks, wine and/or spirits (mL/day). Tobacco smoking was quantified as average number of cigarettes
(smoked/day) multiplied by the number of years of smoking, gymnastics as min/week, or jogging/walking as min/
day. Finally, patients were categorized as never smokers,
ex-smokers and current smokers; high, normal and low
calcium intake (more than 1500 mg/day, between 800 and
1500 day-1 and below 800 mg/day, respectively); high,
moderate and low physical activity (more than 3, 2-3 and
below1 hour/week, respectively); high, moderate and low
coffee consumption (more than 3, 1-2 and less than 1
cups/day, respectively). The men were also asked about
history of "traumatic fractures" regardless of the importance of trauma.
In total, 678 men were screened. Among them 86 individuals were excluded from the study according to predetermined exclusion criteria, whereas 592 met all inclusion
criteria and were invited to participate in the BMD measurement. The age range of the subjects was 20-79 years
(mean ± SD 49.1 ± 17.2). The age distribution and some
other basic parameters are shown in Table 1.
BMD Measurement

Bone mineral density was determined by a Lunar Prodigy
Vision DXA system (Lunar Corp., Madison, WI). The
DXA scans were obtained by standard procedures supplied by the manufacturer for scanning and analysis. All
BMD measurements were carried out by 2 experienced
technicians. Daily quality control was carried out by measurement of a Lunar phantom. At the time of the study,
Table 1: characteristics of the studied population (N = 592).

Variables
Age: mean (SD), years

49.1 (17.2)

Weight: mean (SD), kgs

73.7 (12.6)

BMI: mean (SD), kg/m2

25.0 (3.9)

History of traumatic fractures, n (%)

84 (14.2)

Current smoking, n (%)

93 (15.7)

High coffee consumption, n (%)

191 (32.3)

Low calcium intake, n (%)

310 (52.4)

Low physical activity, n (%)

262 (44.3)

Total hip BMD: mean (SD), g/cm2

1.033 (0.16)

Total hip BMD: mean (SD), T-score

-0.71 (1.08)

Femoral neck BMD: mean (SD), g/cm2

0.974 (0.17)

Femoral neck BMD: mean (SD), T-score

-0.99 (1.10)

Lumbar spine BMD: mean (SD), g/cm2

1.126 (0.16)

Lumbar spine BMD: mean (SD), T-score

-0.50 (1.12)
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phantom measurements showed stable results. The
phantom precision expressed as the coefficient of variation percentage was 0.08. Moreover, reproducibility has
been assessed by the same 2 technicians in clinical practice and showed a smallest detectable difference of 0.04 g/
cm2 (spine) and 0.02 (hips)[12]. Patient BMD was measured at the lumbar spine (anteroposterior projection at
L1-L4 and L2-L4, but only L2-L4 results were presented
to be compared with the published studies, which most of
all used this site) and at the femurs (i.e., femoral neck,
trochanter, and total hip). The World Health Organization (WHO) classification system was applied, defining
osteoporosis as T-score ≤-2.5 and osteopenia as -2.5 < Tscore < -1. Study participants were categorized by the
lowest T-score of the L1-4 lumbar spine, femur neck, or
total femur. The Moroccan male normative database was
used for T-score calculation: the mean (SD) values for
young normal adults in the Moroccan male normative
database were 1.205 g/cm2 (0.15) for lumbar spine, 1.147
g/cm2 (0.16) for femoral neck, and 1.161 g/cm2 (0.16) for
total hip[13].
Statistical Analysis

Results are presented as means (SD) and categorical variables are expressed as frequencies. Associations between
continuous variables were examined by Pearson correlation coefficient. Comparison between patients according
to the WHO classification system was done using analysis
of variance (ANOVA) for quantitative variables and chisquare test for qualitative variables. Stepwise multiple
regression analysis was then used to study the determinants of BMD. The level for significance was taken as p ≤
0.05. Excel 2007 and SPSS 16.0 were used for statistical
analysis.

Results
Characteristics of the population are displayed in Table 1.
The mean (SD) age of the patients was 49 (17.2) years old.
The prevalence of osteoporosis and osteopenia were 8.7%
and 52.8%, respectively. Lumbar spine and hip BMD correlated significantly with age, weight and BMI (Table 2).
Every anatomical region has a different rate of bone
loss. Significant changes were also evident in the lumbar
spine (0.3% per year) and femur BMD subregions (% per
year): neck (0.6%), trochanter (0.3%), and total hip (0.4%)
in males between 20 and 79 years of age, respectively.
According to WHO criteria, 52 (8.7%) patients had
osteoporosis, 313 (52.8%) osteopenia and 227 (38.3%)
normal BMD. When comparing the subjects according to
the WHO classification, significant differences were
revealed between the three groups of subjects for age,
weight and BMI, prevalence of low calcium intake and
low physical activity. All the latter characteristics are
detailed in Table 3.
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After including in a stepwise multiple regression analysis the statistically significant variables cited above, it was
found that only age, BMI, and high coffee consumption
were independently associated to the osteoporotic status
(Table 4). When running the procedure with the total hip
T-score, only age and BMI were retained.

Discussion
Low BMD is well-known to be an important risk factor
for fractures in older men. In this population of Moroccan males, ageing, a lower BMI, and low physical activity
were independently associated to the presence of densitometric osteoporosis.
The effect of age on BMD is consistent across the published studies even if there are some differences according to the measured site[14,15]. At the hip, there is
consistent evidence that BMD declines with increasing
age. At the lumbar spine, several studies reported that
BMD may increase with age (approximately 1.5-3.5% per
decade for men aged 60 years and older) whereas other
studies reported that lumbar spine BMD decreases with
age as it was the case in our study (2.7% per decade in
average)[8,16-18]. The loss of bone mass observed with
age is due to increased osteoclast-mediated bone resorption, endocortical thinning, and increased cortical porosity that is not offset by new bone formation, resulting in a
net loss of bone.
Our observations in terms of BMI are very similar to
those of most studies showing that lower BMI scores
were associated with BMD loss. However, in our study
this association was stronger with hip BMD than with
lumbar spine. The magnitude of this relationship is consistent across studies in different geographic regions
(China[19],
United
States[18],
Europe
[20],
Morocco[13]): BMD was approximately 3-7% higher at
the hip and lumbar spine for every 10 kg increase in
weight.
The Osteoporosis Self-Assessment Tool (OST), which
uses a person's age and weight to develop a risk score
([(weight in kilograms - age in years) × 0.2], truncated to
an integer), is a simple test that has been evaluated primarily in Asian women. More recently, many evaluations
have been performed in men[21-23] and showed that it is
reasonably cost-effective to risk-stratify patients who
should have a BMD testing.
As study duration varies as well as the accuracy and
method of measuring the exercise variable, it is difficult
to compare the published studies evaluating the impact of
physical activity on BMD. While some studies found a
positive and weak association between BMD and physical
activity (regular activity or lifetime activity) at both
sites[18,24-26], in other studies, physical activity was not
independently associated with BMD[19,27,28].
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Table 2: correlation between bone density parameters and age, weight and BMI
Age (yrs)
Age (yrs)

r

1

p
Weight (Kg)

BMI (kg/m2)

LS BMD

(g/cm2)

TH BMD (g/cm2)

FN BMD (g/cm2)

r

-0.06

p

0.109

Weight (Kg)

BMI

LS BMD (g/cm2)

TH BMD (g/cm2)

FN BMD (g/cm2)

-0.06

0.15**

-0.31**

-0.47**

-0.61**

0.109

<0.0001

<0.0001

<0.0001

<0.0001

1

r

0.15**

0.87**

p

<0.0001

<0.0001

0.87**

0.29**

0.32**

0.30**

<0.0001

<0.0001

<0.0001

<0.0001

0.18**

0.20**

0.12**

<0.0001

<0.0001

0.002

1

r

-0.31**

0.29**

0.18**

p

<0.0001

<0.0001

0.000

1

0.68**

0.65**

<0.0001

<0.0001

r

-0.47**

0.32**

0.20**

0.68**

p

<0.0001

<0.0001

<0.0001

<0.0001

1

r

-0.61**

0.30**

0.12**

0.65**

0.90**

p

<0.0001

<0.0001

0.002

<0.0001

<0.0001

0.90**
<0.0001
1

** means correlation is significant at the 0.01 level (2-tailed).
BMI: body mass index; LS: lumbar spine; TH: total hip; FN: femoral neck.

The impact of calcium intake on BMD is also controversial. Some studies found a positive association
between calcium intake (dietary and/or supplements) and
BMD[18,26,29-31] whereas others did not find an independent association at either BMD sites[19,24,25,28].
Effect of smoking on BMD is also controversial. In our
study, only 15% were smokers, so no definitive conclusions can be drawn. In some studies[19,27,28,32], both
current and former smokers were at greater risk for low
BMD compared with nonsmokers. In these studies, current smokers had greater risk than former smokers at the
hip. At the lumbar spine, the risk was similar for current
and former smokers[19,27,28,33]. A dose-response relationship with lifetime tobacco exposure (pack-years of
smoking) was noted particularly in those who smoked in
early adulthood[32].

The relationship between alcohol use and osteoporosis
remains unclear. In our study, no one from the population
study declared alcohol consumption. Some studies found
a positive association between moderate alcohol consumption and BMD at the hip[18,26,34] and/or lumbar
spine[18,30,35], while others did not find an independent
association at either BMD site[19,24,25].
The effect of coffee consumption has been rarely evaluated in the literature. High coffee consumption was found
to be independently associated to lumbar spine osteoporosis in our study. We do not have any clear explanation
to that finding. While ingestion of caffeine does produce
an immediate increase in urinary calcium loss, this is followed by reduced renal calcium clearance, with no net
effect overall. There is also a small impairment of calcium
absorption by caffeine, but in the presence of adequate

Table 3: comparison between patients according to WHO classification of osteoporosis.
No
N = 227

Ope
N = 313

OP
N = 52

p

Age: mean (SD), years

39.1 (14.2)

53.7 (15.6)

65.7 (13.0)

<0.0001

Weight: mean (SD), kgs

77.6 (12.1)

72.3 (12.0)

64.7 (11.3)

<0.0001

BMI: mean (SD), kg/m2

25.5 (4.0)

24.9 (3.8)

23.2 (3.8)

0.001

History of traumatic fractures, n (%)

27 (11.9)

45 (14.4)

12 (23.1)

NS

Current smoking, n (%)

31 (13.7)

64 (20.4)

11 (21.2)

NS

High coffee consumption, n (%)

82 (36.1)

92 (29.4)

17 (32.7)

NS

Low calcium intake, n (%)

78 (34.4)

193 (61.7)

39 (75.0)

<0.0001

Low physical activity, n (%)

84 (37.0)

203 (64.9)

43 (82.7)

<0.0001

Comparison used analysis of variance (ANOVA) for quantitative variables and chi-square test for qualitative variables.
BMI: body mass index; Ope: osteopenia; OP: osteoporosis.
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Table 4: results of multivariate logistic regression analysis for osteoporosis
Lumbar spine osteoporosis

Total hip osteoporosis

Osteoporosis any site

Age

1.05 [1.02-1.09]*

1.09 [1.05-1.14]*

1.07 [1.03 - 1.10]*

BMI

0.90 [0.80-0.99]*

0.62 [0.52-0.76]*

0.85 [0.74 - 0.91]*

1.96 [0.68-5.6]

1.10 [0.36-3.22]

1.81 [0.75 - 4.39]

1.76 [1.08-2.85]*

0.85 [0.46-1.57]

0.82 [0.74-0.91]*

Low physical activity
High coffee consumption
BMI: body mass index. *indicates p < 0.05

dietary calcium, this effect is thought not to be relevant to
overall bone health[36].
History of previous fracture was associated with lower
BMD in many studies[26,28]. Even there was a trend in
the association between low BMD and history of previous
fractures in our study, it may have lacked power to reach
the threshold significance.
There are some limitations to our study. The population is composed of volunteers. The study sample was not
population-based but recruited from men who were
invited by their general practitioner or contacted by word
of mouth or through advertisements. We did not examine
use of glucocorticoids or any disease states as our goal
was to examine healthy men. It is possible that this may
introduce a selection bias focusing on the wealthier and
better-educated part of the population or alternatively on
those who through lifestyle or medical history are more
prone to osteoporosis. However, this research did not
intend to establish the prevalence of osteoporosis but to
identify associations with low bone mass. In the other
hand, our study is the first to report risk factors of osteoporosis in men in a region from the south bank of the
Mediterranean Sea while all of the published studies in
the literature come from American, European and Asian
countries.
In conclusion, we have demonstrated that in this population of healthy Moroccan males, ageing and a lower
BMI were associated with osteoporosis. Further longitudinal studies are still required to investigate the predictive
value of potential factors for osteoporosis and fractures in
Moroccan men.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
AEM conceived the design and coordinated the study, participated to the statistical analysis and wrote the manuscript. MG, SG, IG, AM, AR participated in
data acquisition. MD participated in the design of the study and performed the
statistical analysis. All authors read and approved the final manuscript.
Author Details
1Rheumatology Department, Military Hospital Mohammed V, PO Box 1018,
Rabat, Morocco and 2Statistics Department, Agronomic and veterinary
institute Hassan II, Rabat, Morocco

Received: 30 October 2009 Accepted: 5 July 2010
Published: 5 July 2010
©
This
BMC
2010
is
article
Musculoskeletal
an
El Open
Maghraoui
is available
Access
Disorders
etfrom:
article
al; licensee
http://www.biomedcentral.com/1471-2474/11/148
distributed
2010,BioMed
11:148
under
Central
the Ltd.
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

References
1. Kaufman JM, Goemaere S: Osteoporosis in men. Best Pract Res Clin
Endocrinol Metab 2008, 22(5):787-812.
2. Mussolino ME, Gillum RF: Low bone mineral density and mortality in
men and women: the Third National Health and Nutrition Examination
Survey linked mortality file. Ann Epidemiol 2008, 18(11):847-850.
3. Trombetti A, Herrmann F, Hoffmeyer P, Schurch MA, Bonjour JP, Rizzoli R:
Survival and potential years of life lost after hip fracture in men and
age-matched women. Osteoporos Int 2002, 13(9):731-737.
4. Center JR, Bliuc D, Nguyen TV, Eisman JA: Risk of subsequent fracture
after low-trauma fracture in men and women. JAMA 2007,
297(4):387-394.
5. El Maghraoui A, Koumba BA, Jroundi I, Achemlal L, Bezza A, Tazi MA:
Epidemiology of hip fractures in 2002 in Rabat, Morocco. Osteoporos
Int 2005, 16(6):597-602.
6. El Maghraoui A, Mounach A, Gassim S, Ghazi M: Vertebral fracture
assessment in healthy men: prevalence and risk factors. Bone 2008,
43(3):544-548.
7. El Maghraoui A, Roux C: DXA scanning in clinical practice. QJM 2008,
101(8):605-617.
8. Szulc P, Marchand F, Duboeuf F, Delmas PD: Cross-sectional assessment
of age-related bone loss in men: the MINOS study. Bone 2000,
26(2):123-129.
9. Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E: FRAX and the
assessment of fracture probability in men and women from the UK.
Osteoporos Int 2008, 19(4):385-397.
10. El Maghraoui A, Guerboub AA, Achemlal L, Mounach A, Nouijai A, Ghazi
M, Bezza A, Tazi MA: Bone mineral density of the spine and femur in
healthy Moroccan women. J Clin Densitom 2006, 9(4):454-460.
11. El Maghraoui A, Guerboub AA, Mounach A, Ghozlani I, Nouijai A, Ghazi M,
Achemlal L, Bezza A, Tazi MA: Body mass index and gynecological
factors as determinants of bone mass in healthy Moroccan women.
Maturitas 2007, 56(4):375-382.
12. El Maghraoui A, Do Santos Zounon AA, Jroundi I, Nouijai A, Ghazi M,
Achemlal L, Bezza A, Tazi MA, Abouqual R: Reproducibility of bone
mineral density measurements using dual X-ray absorptiometry in
daily clinical practice. Osteoporos Int 2005, 16(12):1742-1748.
13. El Maghraoui A, Ghazi M, Gassim S, Mounach A, Ghozlani I, Nouijai A,
Achemlal L, Bezza A, Dehhaoui M: Bone mineral density of the spine and
femur in a group of healthy Moroccan men. Bone 2009, 44(5):965-9.
14. Papaioannou A, Kennedy CC, Cranney A, Hawker G, Brown JP, Kaiser SM,
Leslie WD, O'Brien CJ, Sawka AM, Khan A, et al.: Risk factors for low BMD
in healthy men age 50 years or older: a systematic review. Osteoporos
Int 2008, 20(4):507-18.
15. Liu H, Paige NM, Goldzweig CL, Wong E, Zhou A, Suttorp MJ, Munjas B,
Orwoll E, Shekelle P: Screening for osteoporosis in men: a systematic
review for an American College of Physicians guideline. Ann Intern Med
2008, 148(9):685-701.
16. Hannan MT, Felson DT, Dawson-Hughes B, Tucker KL, Cupples LA, Wilson
PW, Kiel DP: Risk factors for longitudinal bone loss in elderly men and
women: the Framingham Osteoporosis Study. J Bone Miner Res 2000,
15(4):710-720.

El Maghraoui et al. BMC Musculoskeletal Disorders 2010, 11:148
http://www.biomedcentral.com/1471-2474/11/148

17. Tenenhouse A, Joseph L, Kreiger N, Poliquin S, Murray TM, Blondeau L,
Berger C, Hanley DA, Prior JC: Estimation of the prevalence of low bone
density in Canadian women and men using a population-specific DXA
reference standard: the Canadian Multicentre Osteoporosis Study
(CaMos). Osteoporos Int 2000, 11(10):897-904.
18. Cauley JA, Fullman RL, Stone KL, Zmuda JM, Bauer DC, Barrett-Connor E,
Ensrud K, Lau EM, Orwoll ES: Factors associated with the lumbar spine
and proximal femur bone mineral density in older men. Osteoporos Int
2005, 16(12):1525-1537.
19. Lau EM, Leung PC, Kwok T, Woo J, Lynn H, Orwoll E, Cummings S, Cauley J:
The determinants of bone mineral density in Chinese men--results
from Mr. Os (Hong Kong), the first cohort study on osteoporosis in
Asian men. Osteoporos Int 2006, 17(2):297-303.
20. Meyer HE, Sogaard AJ, Falch JA, Jorgensen L, Emaus N: Weight change
over three decades and the risk of osteoporosis in men: the Norwegian
Epidemiological Osteoporosis Studies (NOREPOS). Am J Epidemiol
2008, 168(4):454-460.
21. Ghazi M, Mounach A, Nouijai A, Ghozlani I, Bennani L, Achemlal L, Bezza A,
El Maghraoui A: Performance of the osteoporosis risk assessment tool
in Moroccan men. Clin Rheumatol 2007, 26(12):2037-2041.
22. Adler RA, Tran MT, Petkov VI: Performance of the Osteoporosis Selfassessment Screening Tool for osteoporosis in American men. Mayo
Clin Proc 2003, 78(6):723-727.
23. Ito K, Hollenberg JP, Charlson ME: Using the osteoporosis selfassessment tool for referring older men for bone densitometry: a
decision analysis. J Am Geriatr Soc 2009, 57(2):218-224.
24. Cheung EY, Ho AY, Lam KF, Tam S, Kung AW: Determinants of bone
mineral density in Chinese men. Osteoporos Int 2005, 16(12):1481-1486.
25. Bendavid EJ, Shan J, Barrett-Connor E: Factors associated with bone
mineral density in middle-aged men. J Bone Miner Res 1996,
11(8):1185-1190.
26. Lunt M, Masaryk P, Scheidt-Nave C, Nijs J, Poor G, Pols H, Falch JA,
Hammermeister G, Reid DM, Benevolenskaya L, et al.: The effects of
lifestyle, dietary dairy intake and diabetes on bone density and
vertebral deformity prevalence: the EVOS study. Osteoporos Int 2001,
12(8):688-698.
27. Nguyen TV, Kelly PJ, Sambrook PN, Gilbert C, Pocock NA, Eisman JA:
Lifestyle factors and bone density in the elderly: implications for
osteoporosis prevention. J Bone Miner Res 1994, 9(9):1339-1346.
28. Orwoll ES, Bevan L, Phipps KR: Determinants of bone mineral density in
older men. Osteoporos Int 2000, 11(10):815-821.
29. Kung AW, Ho AY, Ross PD, Reginster JY: Development of a clinical
assessment tool in identifying Asian men with low bone mineral
density and comparison of its usefulness to quantitative bone
ultrasound. Osteoporos Int 2005, 16(7):849-855.
30. Huuskonen J, Vaisanen SB, Kroger H, Jurvelin C, Bouchard C, Alhava E,
Rauramaa R: Determinants of bone mineral density in middle aged
men: a population-based study. Osteoporos Int 2000, 11(8):702-708.
31. Nguyen TV, Center JR, Eisman JA: Osteoporosis in elderly men and
women: effects of dietary calcium, physical activity, and body mass
index. J Bone Miner Res 2000, 15(2):322-331.
32. Kiel DP, Zhang Y, Hannan MT, Anderson JJ, Baron JA, Felson DT: The effect
of smoking at different life stages on bone mineral density in elderly
men and women. Osteoporos Int 1996, 6(3):240-248.
33. Szulc P, Garnero P, Claustrat B, Marchand F, Duboeuf F, Delmas PD:
Increased bone resorption in moderate smokers with low body weight:
the Minos study. J Clin Endocrinol Metab 2002, 87(2):666-674.
34. May H, Murphy S, Khaw KT: Alcohol consumption and bone mineral
density in older men. Gerontology 1995, 41(3):152-158.
35. Orwoll E, Blank JB, Barrett-Connor E, Cauley J, Cummings S, Ensrud K,
Lewis C, Cawthon PM, Marcus R, Marshall LM, et al.: Design and baseline
characteristics of the osteoporotic fractures in men (MrOS) study--a
large observational study of the determinants of fracture in older men.
Contemp Clin Trials 2005, 26(5):569-585.
36. Demirbag D, Ozdemir F, Ture M: Effects of coffee consumption and
smoking habit on bone mineral density. Rheumatol Int 2006,
26(6):530-535.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/11/148/prepub

Page 6 of 6

doi: 10.1186/1471-2474-11-148
Cite this article as: El Maghraoui et al., Risk factors of osteoporosis in healthy
Moroccan men BMC Musculoskeletal Disorders 2010, 11:148

