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Context: Testing men at increased risk for osteoporotic fractures has been recommended.

Objective: The aim of this study was to estimate the magnitude of association and quality of
supporting evidence linking multiple risk factors with low bone mass-related fractures in men.

Data Sources: We searched MEDLINE, EMBASE, Web of Science, SCOPUS and Cochrane CENTRAL
through February 2010. We identified further studies by reviewing reference lists from selected
studies and reviews.

Study Selection: Eligible studies had to enroll men and quantitatively evaluate the association of
risk factors with low bone density-related fractures.

Data Extraction: Reviewers working independently and in duplicate determined study eligibility
and extracted study description, quality, and outcome data.

Data Synthesis: Fifty-five studies provided data sufficient for meta-analysis. The quality of these
observational studies was moderate with fair levels of multivariable adjustment and adequate
exposure and outcome ascertainment. Statistically significant associations were established for
age, low body mass index, current smoking, excessive alcohol use, chronic corticosteroid use,
history of prior fractures, history of falls, history of hypogonadism, history of stroke, and history
of diabetes. Statistical heterogeneity of the meta-analytic estimates of all associations was signif-
icant except for chronic corticosteroid use. None of these associations were of large magnitude (i.e.
adjusted odds ratios were generally �2). No evidence supporting a particular effective testing or
screening strategy was identified.

Conclusions: Multiple risk factors for fractures in men were identified, but their usefulness for
stratifying and selecting men for bone density testing remains uncertain. (J Clin Endocrinol Metab
97: 1861–1870, 2012)

Osteoporosis is characterized by low bone mass and
microarchitectural deterioration of bone tissue,

predisposing to an increased risk of skeletal fractures. Al-
though frequently assumed to be a health issue affecting
only women, bone loss and increased fracture risk is in-

creasingly recognized as an important health problem in
men, particularly with the aging of the population. Al-
though men do not undergo the rapid bone loss that occurs
with the menopausal transition, beginning by the sixth
decade men lose bone mass at a rate of approximately
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0.5–1% per year (1). Accordingly, current estimates indi-
cate that roughly 20% of Americans with low bone mass
or osteoporosis are male and that 13–30% of men over age
50 yr will suffer an osteoporotic-type fracture during their
lifetime (2). Both vertebral and hip fractures are associated
with increased morbidity and mortality in men, with
roughly 30% of hip fractures occurring in men (3, 4).
Furthermore, men who suffer a hip fracture have an ap-
proximately 2- to 3-fold increased mortality risk relative
to women (5).

Given the overall improved longevity of men, the high
morbidity and mortality associated with fractures in aging
males, and the increasing array of pharmacological agents
with clear benefit for reducing fracture risk, efforts to iden-
tify men at increased risk for low bone mass-related frac-
tures are increasingly important. Although multiple risk
factors for low bone mineral density (BMD)-related frac-
tures have been identified, the knowledge of these or other
factors specifically in men will help clinicians provide
screening recommendations for their male patients. A pre-
vious systematic review and meta-analysis identified some
of these factors but was not specific to men (6). A subse-
quent effort to update that review and restrict inferences
to men (7) was qualitative and did not provide meta-an-
alytic estimates. Given these limitations, efforts to both
update and provide quantitative analyses to improve risk
factor screening in at-risk males are warranted.

To this end, The Endocrine Society formed a task force
to develop clinical practice guidelines for the management
of osteoporosis in men. Realizing the current deficits in the
identification of risk factors for low bone mass-related
fractures in men, the task force requested an updated sys-
tematic review and meta-analysis of analytic studies (ob-
servational cohort, case-control, and randomized con-
trolled) of risk factors for bone loss or low BMD-related
fractures in adult males to inform The Endocrine Society
recommendations regarding screening for osteoporosis in
men.

Materials and Methods

The protocol for this systematic review was established a priori
and approved by a task force formed by The Endocrine Society.
The reporting of this review follows guidelines by the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statement (8).

Eligibility criteria
Studies eligible for inclusion in this review were original ar-

ticles describing analytic studies (observational cohort, case-con-
trol, or randomized controlled trials) that reported a relative risk
measure (such as relative risk, odds ratio, or hazard ratio) for a

risk factor (variables that increases risk) for bone loss or low
BMD-related fractures in adult males.

Literature search
An expert reference librarian and study authors with exper-

tise in conducting systematic reviews developed the search strat-
egy. Search was performed on MEDLINE and EMBASE through
the Ovid interface; Cochrane CENTRAL, ISI Web of Science,
and Scopus from 1950 through February 2010. We used con-
trolled vocabularies and text words for: 1) osteoporosis, bone
density, bone resorption, osteolysis, and bone fractures; 2) test-
ing for bone loss (low bone mass, BMD, dual-energy x-ray ab-
sorptiometry, bone loss, and bone turnover), screening; and 3)
known risk factors (such as long-term usage of corticosteroids).
In addition, terms indicating risk, such as “relative risk” and
“odds ratio” were also included. The focus was on population,
community, longitudinal, cohort, or observational studies as
well as clinical trials, especially those including adult men. The
same general strategy using text words was applied to Web of
Science and Scopus. In addition, we reviewed the reference sec-
tions of eligible studies and available reviews and requested po-
tentially eligible studies from content experts. The detailed
search strategy used is available in the Supplemental Data (pub-
lished on The Endocrine Society’s Journals Online web site at
http://jcem.endojournals.org).

Study selection
Pairs of reviewers independently evaluated the eligibility cri-

teria of titles and abstracts and of eligible full text articles using
standardized and piloted electronic forms using an online refer-
ence management system (Distiller SR, Ottawa, Canada). Data
extraction was done using similar methodology with adequate
inter-reviewer agreement greater than 0.80.

Quality assessment
We appraised the quality of the included observational stud-

ies focusing on the adjustment for confounding, how study co-
horts were selected, and how outcomes were assessed.

Meta-analyses
We estimated odds ratios and 95% confidence intervals (CI)

and pooled across studies using a random effect model (9). We
quantified inconsistency using the I2 statistic, which describes the
proportion of heterogeneity across studies that is not due to
chance, thus describing the extent of true inconsistency in results
across trials (10). I2 less than 25% and I2 more than 50% reflect
small and large inconsistency, respectively.

Subgroup and sensitivity analyses
To explore causes of inconsistency, subgroup analyses were

specified a priori according to the following factors: 1) adequate
adjustment to multiple risk factors [age and body mass index
(BMI) at a minimum] vs. inadequate or no adjustment; 2) loca-
tion of fracture site (hip, vertebrae, or other); and 3) hypogo-
nadism type (drug-induced vs. not).

Publication bias was assessed by inspecting funnel plots for
each outcome and performing Egger’s regression test (11).
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Results

Search results
The search identified 1251 candidate references, of

which 55 studies were deemed eligible (Fig. 1). The
characteristics of the included studies are summarized
in Table 1.

Methodological quality
The overall quality of the included studies varied from

fair to moderate. These analyses are presented in Supple-
mental Table 1. Several studies provided only limited de-
scriptions of factors used for adjustment, whereas other
studies were either unadjusted or did not provide any de-
scription of adjustments used.

Pooled analysis of risk factors
As seen in Table 2, advancing age was determined to be

a statistically significant risk factor when evaluated as a
continuous variable, when compared in 5- or 10-yr incre-
ments, or when used as a defined variable of age greater
than 70 yr. Black race conferred protection from fractures.
Increasing BMI was a protective risk factor when assessed
by quintiles, although when considered as a continuous
variable, BMI did not reach statistical significance.

Increasing alcohol intake was a statistically significant
risk factor, as were current smoking and a history of
chronic corticosteroid use. A personal history of a prior
fracture occurring within the past year, a history of any
parental fracture, or a personal history of a fall within the
past year were statistically significant risk factors. Hypo-
gonadism (either occurring naturally or due to androgen-
deprivation therapy) was a statistically significant risk fac-
tor, as was a history of diabetes or prior cerebrovascular
accident. Factors assessed that were determined not to
be significantly associated with increased risk included
asthma, cardiovascular disease (including a diagnosis of
congestive heart failure or a prior myocardial infarc-
tion), dementia, degenerative joint disease, or rheuma-
toid arthritis. Interestingly, a history of nephrolithiasis
was determined to be protective. We did not find evi-
dence of publication bias, although methods for detect-
ing this bias are not reliable in the presence of substan-
tial heterogeneity.

Physical activity in individual studies
Analysis of a multitude of studies that examined phys-

ical activity as a risk factor for osteoporosis did not pro-
vide a conclusive result (Supplemental Table 2). Thus,
whereas some studies found activity (such as walking) to
be associated with reduced fracture incidence, other stud-
ies examining ostensibly the same activity arrived at the
opposite conclusion. Significant differences in methodol-
ogy (such as the wide variety of physical activities exam-
ined) likely contributed to the significant heterogeneity in
the observed results. Due to the significant heterogeneity
and potential confounding, meta-analysis was not con-
ducted because the current data do not allow for a proper
quantitative assessment of risk.

Reported calcium intake across studies
Assessment of an array of studies that examined cal-

cium intake as a risk factor for low bone mass-associated
fractures also did not provide a conclusive result (Supple-
mental Table 3). There was significant heterogeneity of the
methods used to quantitate calcium intake assessment
(supplementation vs. estimated daily dietary calcium in-
take; cutoffs of intake examined). Severe confounding did
not allow for a proper quantitative assessment of risk, and
thus meta-analysis was not performed.

Subgroup analysis and sensitivity analysis
We performed subgroup analyses to explore possible

causes of heterogeneity and to detect subgroup inte-
ractions with the reported associations (Supplemental
Table 4).

The extent of adjustment for confounders in the in-
cluded studies significantly interacted with the association
with age, BMI, corticosteroid use, and degenerative joint
disease. However, the exclusion of studies with inade-
quate adjustment did not affect the statistical significance
of the first three associations; hence, the meta-analytic
estimates reported in this review for age, BMI, and corti-
costeroid use seem robust to the extent of adjustment. In
terms of degenerative joint disease as a risk factor, the
more adjusted estimates demonstrated decreased risk for
fractures, whereas the unadjusted or inadequately ad-
justed estimates showed increased risk. Therefore, analy-
sis of this risk factor is not robust, and the reported overall
association is unreliable.

Fracture location only interacted with the two risk fac-
tors of rheumatoid arthritis and current smoking; this sug-
gests that the magnitude of increased risk was higher for
hip fracture compared with vertebral and forearm frac-
tures, respectively.

Potentially relevant references identified by       
search (1251)

References selected for full text retrieval (477)

Included studies (55)

Excluded after abstract screening (774)

Excluded after full-text screening (422)
• Non original studies e.g. reviews, letters, etc. (29) 
• Irrelevant population (89) 
• Irrelevant outcomes (116)
• Insufficient quantitative data (188) 

FIG. 1. Flowchart of study selection.
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TABLE 1. Baseline characteristics of included studies

First author, year
(Ref.) Population Main objective of study Study design Age (yr)

Sample
size

Ahlborg, 2008 (18) Men aged 60� yr with a history of
prostate cancer

To characterize the association between
potential risk factors and fracture risk
in men with prostate cancer

Prospective cohort 71.8 29

Appleby, 2008 (19) Study targeted vegetarians living through
the United Kingdom

To examine the association between
physical activity and fracture risk of
self-reported fractures

Prospective cohort 49.5 � 13.5 7,947

Carbone, 2010 (20) Elderly with heart failure To find the epidemiology of hip
fractures in heart failure

Prospective cohort 72.7 � 5.6 5,613

Carter, 2008 (21) Males with chronic obstructive
pulmonary disease

To evaluate the recognition and
treatment of vertebral fractures in
male patients with COPD

Retrospective cross- sectional 68.2 � 8.6 350

Chen, 2008 (22) Taiwanese diabetic patients and age- and
sex-matched control group

To determine the age-, sex-, and
urbanization-specific incidence
density and relative risks of hip
fracture in the diabetic population

Registry-based cohort study 59.66 454,592

Chiodini, 2009 (23) 88 Consecutive eugonadal male patients
with adrenal incidentalomas and 90
matched control subjects

To study the effect of subclinical
hypercortisolism and gonadal status
on bone

Case-controlled study 62.8 178

Coin, 2008 (24) Elderly outpatients To investigate the relationship between
sarcopenia, dietary intake, nutritional
indices, and hip BMD in the elderly

Prospective cohort 73.9 � 5.6 136

Cooper, 1988 (25) Men admitted to the hospital with hip
fractures (all age 50 and over)

To determine role of regular exercise
and calcium intake in preventing hip
fracture

Prospective case-controlled study At least 55 (majority
between 75 and
84)

79

Cooper, 1995 (26) Patients 50 and older admitted to
orthopedic unit with fracture of femur
and matched community controls

To identify the risk of hip fracture in
patients with rheumatoid arthritis
and those taking corticosteroids

Prospective case-controlled study Range, 50–99 180

Diaz, 1997 (27) Men aged 50–75 across Europe To determine the influence of maternal
and paternal history of hip fracture
on the risk of vertebral deformity

Prospective cohort 62.2 � 6.9 5,999

Dooley, 2008 (28) Men with chronic kidney disease To assess fracture risk in patients with
chronic kidney disease not requiring
dialysis

Retrospective cohort 67.5 176

Faulkner, 2009 (29) Community-dwelling men followed over
7.2 yr for incident nonvertebral
fractures

To determine whether information on
number of falls on a falls history
screen predicts risk of nonvertebral
and hip fracture

Prospective cohort 73.7 5,995

Felson, 1988 (16) Participants in the Framingham Study
cohort (healthy community-dwelling
individuals)

To determine what is the association
between alcohol consumption and
hip fractures

Retrospective cohort NR NR

Forsen, 1994 (30) Community-dwelling men in Norwegian
county

To study the association between
smoking habits and the incidence of
hip fracture

Prospective cohort 50 and older 18,198

Furuya, 2008 (31) Male Japanese patients with rheumatoid
arthritis

To study the potential risk factors for
fractures in male patients with
rheumatoid arthritis

Prospective cohort 64.6 1,050

Greendale, 1995 (32) Community-dwelling California men, all
Caucasian, all upper middle class

Evaluate the relationship between
leisure time physical activity, BMD,
and fracture

Prospective cohort 50 and older 689

Grisso, 1991 (33) Subjects were men 35 and older
admitted to VA hospital with hip
fracture; controls were surgical
patients in hospital

To determine risk factors for fractures in
men

Retrospective case-controlled
study

35 and older 172

Grisso, 1997 (34) Men with a first hip fracture To identify risk factors for hip fracture in
men

Retrospective case-controlled
study

Range, 45–85 and
older

760

Hemenway, 1994 (35) Men participating in the Health
Professionals follow-up study
(community-dwelling healthy men
followed for 6 yr)

To examine the relation of lifestyle
characteristics (smoking, alcohol,
weight) to the risk of fracture in
males followed for 6 yr

Prospective cohort Range, 40–70 and
older

51,529

Hippisley-Cox, 2009
(37)

Healthy patients in United Kingdom
without any prior history of fracture

To develop and validate two new
fracture risk algorithms
(QFractureScores) for estimating the
individual risk for osteoporotic
fracture of hip over 10 yr

Prospective cohort Range, 30–85 yr 1,807,996

Hoidrup, 1999 (38) Men from Copenhagen To determine the association between
quantity and type of alcohol intake
and risk of hip fracture

Prospective cohort NR 17,868

Hemenway, 1994 (36) Male health professionals (primarily
dentists and veterinarians) who were
40–75 yr of age in 1986;
approximately 97% of the
respondents are white

To examine risk factors for hip fracture
among men

Prospective cohort Range, 40–75 51,529

(Continued)

1864 Drake et al. Risk Factors for Osteoporosis in Men J Clin Endocrinol Metab, June 2012, 97(6):1861–1870

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/97/6/1861/2536556 by guest on 20 M
arch 2024



TABLE 1. Continued

First author, year
(Ref.) Population Main objective of study Study design Age (yr)

Sample
size

Holmberg, 2008 (39) Men with diabetes To assess the risk of fracture among
people with type 2 diabetes

Prospective cohort 43.7 22,444

Kanis, 1999 (12) Men in six countries at hospitals, clinics,
and nursing homes with hip fracture
and age-matched controls (either
same neighborhood or population
control)

To identify risk factors for hip fracture in
men aged 50 or older

Prospective case controlled study 74 1,862

Koh, 2009 (40) Singaporean men of Chinese descent
aged 45–74 living in government
housing estates

To determine association between
dietary soy and risk of hip fracture

Prospective cohort 63.8 � 6.9 276

Lan, 2009 (41) Older Taiwanese adults with low trauma
hip fracture and matched non-fracture
controls

To determine important characteristics
of hip fracture in older population

Case-controlled study 80.1 � 7.9 217

Lau, 1988 (42) Chinese men with hip fractures To determine link between physical
activity, calcium intake with fracture
of proximal femur

Case-controlled study 47 men aged less
than 70; 45 men
aged 70–79; 28
men greater than
80 yr old

360

Lau, 2001 (43) Asian men and women admitted to
hospital with diagnosis of hip fracture

Determine risk factors for hip fracture Case-controlled study 71.4 907

Lau, 2009 (44) Men 50 or older with a diagnosis of
vertebral fracture, wrist fracture, or
hip fracture and controls

To confirm the higher risk of fractures
of men with prostate cancer on
androgen-deprivation therapy in the
Canadian population

Case-controlled study Range, 50–80 and
higher

18,776

Lewis, 2007 (45) Elderly men from 6 different U.S.
communities

Examine the association between
clinical risk factors and risk of non-
spine fracture in older men and
determine whether it is independent
of BMD

Prospective cohort 74.5 5,876

Looker, 1993 (46) Non-institutionalized adults in the United
States

To determine effect of dietary calcium
on hip fracture risk

Retrospective cohort Range, 25–74 2,116

Lopez, 2005 (47) Men with prostate cancer on androgen-
deprivation therapy

To assess fracture risk in patients taking
androgen-deprivation therapy

Retrospective cohort 71 288

Mallmin, 1994 (13) All residents of Uppsala county who
fractured their forearm

To evaluate risk factors for early
osteoporosis

Case-controlled study 57.5 � 11.8 65

Mancini, 2009 (48) Males with type 2 diabetes To investigate the relationship between
osteoporotic vertebral fractures and
rosiglitazone treatment and the
influence on this association of BMD
and duration of diabetes

Cross-sectional study 69 43

Meier, 2008 (49) Elderly men To examine the relationship between
serum levels of testosterone and
estradiol and future fracture risk in
community-dwelling men

Prospective cohort 72.6 � 5.7 609

Melton, 2003 (50) Men who underwent bilateral
orchiectomy for prostate cancer

To determine fracture risk after bilateral
orchiectomy

Retrospective cohort 74.3 � 9.1 429

Melton, 2002 (51) Patients with secondary osteoporosis and
fall disorders

To determine the impact of secondary
osteoporosis and fall disorders on
fracture

Case-controlled study 53.5 � 13.6 193

Meyer, 1993 (52) During the years 1974–1978, all men in
three Norwegian counties were invited
to attend cardiovascular screening;
this cohort was followed prospectively
for hip fracture

To determine risk factors for hip
fracture

Prospective cohort Range, 35–49 27,015

Meyer, 1997 (53) Men born between 1925 and 1940 living
in one of three Norwegian counties

To determine relation of calcium intake,
protein intake, and coffee
consumption with the incidence of
hip fracture

Prospective cohort Range, 42.9–64.7 20,035

Moayyeri, 2009 (54) Population-based cohort randomly
recruited between 1993 and 1997
from the Norfolk region in Europe

To identify those at high risk of
osteoporosis and fractures using
clinically available tests beyond BMD
measures

Population-based cross-sectional
and cohort study

62.9 � 9 6,496

Nakamura, 2009 (55) Community-dwelling Japanese men with
no history of vertebral fracture or
osteoporosis

To evaluate the effect of low Ca intake
on 10-yr incidence of fracture in
Japanese cohort

Prospective cohort 51.1 34,759

Nguyen, 1996 (56) Elderly men in Australia To determine potential risk factors for
osteoporosis in men

Prospective cohort 68.5 820

(Continued)
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Discussion

Principal findings
This systematic review and meta-analysis demonstrates

that multiple risk factors are associated with low bone
density-related fractures in adult men. Statistically signif-
icant associations were identified for increasing age, low
BMI, excessive alcohol intake (defined as either daily in-
take, or greater than 10 servings per week), current smok-
ing, chronic corticosteroid use, history of prior fractures,
history of falls within the past year, hypogonadism, his-
tory of cerebrovascular accident, and history of diabetes.
Black race (vs. white) was determined to be protective, as
was a history of nephrolithiasis. Notably, however, the
protective effect of a nephrolithiasis history was reported
in only one study (12), with a second reporting no asso-
ciation (13). Thus, whether nephrolithiasis is truly pro-
tective for skeletal fragility in men (as for example, an

indirect assessment of increased calcium intake) or instead
represents only a chance finding, requires further study.

Physical activity was analyzed in a large number of
studies, but its potential role as a risk factor was incon-
clusive. It is likely that significant differences in method-
ology, including a broad range of physical activities ex-
amined, contributed to significant heterogeneity in the
observed results. Clinically, one might anticipate that in-
creased physical activity would be associated with im-
proved physical fitness, increased muscular tone, reduced
fall incidence, and therefore decreased frailty. Perhaps as
likely, however, is that increased physical activity may
increase the incidence of falls occurring during the course
of said physical activity. Therefore, due to the significant
heterogeneity and potential confounding, meta-analysis
was not conducted because the current data do not allow
for a proper quantitative assessment of risk. Likewise,
there was significant heterogeneity for studies of calcium

TABLE 1. Continued

First author, year
(Ref.) Population Main objective of study Study design Age (yr)

Sample
size

Nguyen, 1997 (57) Men who underwent thyroidectomy To determine fracture risk in patients
who have undergone thyroidectomy

Case-controlled study Median, 43; range,
22–77

136

Paganini-Hill, 1991
(58)

Men living in southern California To evaluate risk factors for hip fractures Prospective cohort Median, 73 5,049

Pinheiro, 2009 (59) �40-yr-old men and women in Brazil To identify the prevalence and the main
clinical risk factors associated with
osteoporotic fracture in Brazilian
population

Quantitative cross-sectional
survey

58.4 � 12.8 725

Poor, 1995 (60) Men with initial hip fracture due to
moderate trauma

To assess influence of secondary
osteoporosis or increased likelihood
of falling

Prospective case-controlled study 78.5 464

Roy, 2003 (61) Subjects aged 50–79 yr recruited from
population registers in 36 European
centers

To determine the influence of lifestyle,
anthropometric, and reproductive
factors on the subsequent risk of
incident vertebral fracture in men
aged 50–79

Prospective cohort 63.1 3,173

Shahinian 2005 (62) Men with diagnosis of prostate cancer
who did or did not receive androgen-
deprivation therapy

To study the risk of fracture after
androgen-deprivation therapy for
prostate cancer

Retrospective cohort All men �66 yr old
(mean not given)

50,613

Smith, 2005 (63) Men with nonmetastatic prostate cancer
who initiated GnRH agonist treatment
between 1992 and 1994

To determine the relationship between
GnRH agonists and risk for clinical
fractures in men with nonmetastatic
prostate cancer

Retrospective cohort Range, 65–85 11,661

Sorock, 1988 (64) Free-living elderly men in the retirement
community of Dunedin, Florida

To determine if regular leisure-time
physical activity (including
recreational walking) is associated
with fracture risk

Prospective cohort 73.0 � 5.3 1,168

Stanley, 1991 (65) Hypogonadal elderly men To evaluate the association of
hypogonadism with minimal trauma
hip fracture

Case-controlled study 77 84

Trimpou, 2010 (66) Men aged 46–56 in Sweden To prospectively study risk factors for
hip fracture in men

Prospective cohort Range, 46–56 7,495

von Muhlen, 2009
(67)

Caucasian, middle to upper-middle class,
community-dwelling adults in
Southern California

To examine the association between
peripheral arterial disease and bone
health in 1,332 adults

Prospective cohort 73.8 � 9.2 526

Woo, 2008 (68) Community-dwelling, ambulatory men
aged 65 and older, rates of bone loss,
and fracture risk in older men

To determine whether warfarin use,
assessed at a single point in time, is
associated with BMD

Prospective cohort 73.6 � 5.9 5,995

Yamaguchi, 2009 (69) Patients with type 2 diabetes mellitus To examine the effect of type 2
diabetes on BMD and vertebral
fractures

Cross-sectional 59.7 187

Age is expressed as mean or mean � SD, unless otherwise specified. NR, Not reported; COPD, chronic obstructive pulmonary disease.
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intake, which did not allow for proper quantitative risk
assessment.

Limitations and strengths
Strengths of this study include the comprehensive lit-

erature search, the application of bias protection measures
in study selection, and the careful evaluation of method-
ological quality. As noted, however, study quality ranged
from fair to moderate, with several studies providing only
limited descriptions of factors used for adjustment and
other studies unadjusted. Unfortunately, our analyses of
studies assessing physical activity and calcium intake were
unable to provide conclusive results due to significant het-
erogeneity of observed results and/or methodologies used;
accordingly, we were not able to perform meta-analyses
on these potential risk factors. An additional weakness
inherent in these analyses is the fact that we obtained only
study level data as available in the published literature,

rather than obtaining primary data for each study in-
cluded in our analysis.

Comparison with previous reviews
Our study updates and expands upon previous system-

atic reviews performed by both Espallargues et al. (6) and
Liu et al. (7), and reflects the current state of the available
evidence. Our study differs from that reported by Espal-
largues et al. (6) in that our study focused solely on risk
factors in men. As such, our results are consistent to a great
extent with their findings but do not include factors such
as anorexia nervosa that are more common in women.
Our study differs most notably from the more recent qual-
itative study of Liu et al. (7) in that we have also performed
meta-analytic estimates of risk.

Clinical implications
Due to the clinical significance associated with frac-

tures in aging males, significant efforts to limit individual

TABLE 2. Pooled analysis of risk factors

Risk factor No. of studies OR LL 95% CI UL 95% CI P value I2 (%)a

Age
Age (continuous variable)b 11 1.12 1.07 1.18 0.01 87
Age (every 5–10 yr increase)c 6 1.29 1.17 1.43 0.01 52
Age �70d 5 1.52 1.11 2.08 0.01 69

Race/ethnicity (vs. white)
Black 3 0.69 0.57 0.85 0.01 91
Hispanic 2 1.05 0.62 1.78 0.84 60

BMI
Low BMI (all definitions) 23 1.12 1.04 1.20 0.01 71
BMI (quintile or 1 SD decrease) 18 1.30 1.15 1.47 0.01 62

Habits
Alcohol (daily or �10 drinks/wk) 22 1.28 1.08 1.53 0.01 81
Smoking (current) 27 1.49 1.29 1.72 0.01 54

Parental fractures
Father 2 1.18 0.70 1.98 0.54 NA
Mother 2 1.32 0.97 1.81 0.08 NA
Any parent 1 1.30 1.00 1.69 0.05 NA

Previous history
Prior fracture (in the last 12 months) 9 2.08 1.57 2.77 0.01 75
Chronic corticosteroid use (various definitions) 8 1.29 1.03 1.61 0.03 38
History of falls ( within the last year) 7 2.11 1.44 3.10 0.01 83
Hypogonadism (all studies) 8 1.76 1.37 2.26 0.01 85
Hypogonadism (natural) 4 2.77 1.30 5.87 0.01 51
Hypogonadism (drug-induced) 4 1.53 1.19 1.96 0.01 91
History of kidney stones 2 0.53 0.35 0.80 0.01 NA
History of stroke 4 3.73 1.75 7.92 0.01 73
Diabetes 8 1.57 1.14 2.15 0.01 77
Asthma 2 1.01 0.56 1.84 0.96 56
Cardiovascular disease (CHF/MI) 6 1.07 0.86 1.33 0.55 86
Dementia 2 2.84 0.93 8.64 0.07 97
Degenerative joint disease 4 1.03 0.57 1.88 0.91 87
Rheumatoid arthritis 5 1.46 0.97 2.19 0.07 60

NA, Not applicable (I2 is not meaningful if number of studies is less than three); CHF, congestive heart failure; MI, myocardial infarction; OR, odds
ratio; LL, lower limit; UL, upper limit.
a I2 statistic is defined as the proportion of heterogeneity not attributable to chance or random error.
b Age as a continuous variable reflects that the OR represents increases in odds per year of age.
c OR (95% CI) for studies: 5 yr � 1.41 (1.12–1.78); 7.7 yr � 1.16 (1.03–1.31); 10 yr � 1.39 (1.15–1.67).
d Age �70 yr is compared vs. age �70 in studies with mean age of 40–80.
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patient risk will be increasingly important with the aging
population. To this end, the World Health Organization
has developed the Fracture Risk Assessment Tool (FRAX),
an algorithm that integrates clinical risk factors in addi-
tion to femoral neck BMD to provide estimates for the
10-yr probability of a hip or major osteoporotic (clinical
spine, forearm, hip, or shoulder) fracture in either men or
women (14). Clinical risk factors included in the FRAX
model include: age, gender, weight, height, a personal his-
tory of previous fragility fracture, history of parental hip
fracture, current smoking, glucocorticoid use, rheumatoid
arthritis diagnosis, alcohol intake of greater than three
units per day, a known disorder strongly associated with
secondary osteoporosis, femoral neck BMD, or T-score.

Comparison of the risk factors incorporated into FRAX
and those identified in this study demonstrates a significant
degree of overlap, but also some differences. Thus, whereas
age, BMI as a function of height and weight, current smok-
ing, corticosteroid use, excessive alcohol intake, a prior his-
tory of fracture, and hypogonadism are common to both
FRAX and this study, our systematic review and meta-anal-
ysis also identified additional risk factors in men including a
personalhistoryoffallswithinthepastyear,priorstroke,and
a diagnosis of diabetes. In addition, a diagnosis of rheuma-
toid arthritis approached but did not reach statistical signif-
icance as a risk factor in men.

It is important to note that the majority of associated
risks identified were of relatively low magnitude, with
only the risks associated with a prior fracture in the pre-
ceding year, history of falls within the past year, history of
naturally occurring hypogonadism, and history of stroke
demonstrating adjusted odds ratios of more than 2.0.
Whether inclusion of such identified risk factors into fu-
ture algorithms to predict fracture risk in males is war-
ranted remains to be determined, but it may be warranted
particularly considering that both a history of fall or
stroke within the previous year had highly significant odds
ratios for fracture risk prediction in men. Thus, future
efforts to refine the FRAX algorithm as additional evi-
dence (such as risk factors, bone measurements, or bio-
chemical tests) emerges will undoubtedly improve its abil-
ity to predict fracture and select appropriate men for
therapy.

It is notable that whereas many of the risk factors can-
not be modified (age, or a history of fractures, falls, stroke,
or diabetes), others are potentially amenable to interven-
tion, including current smoking, excessive alcohol intake,
chronic corticosteroid therapy (depending upon the un-
derlying reason for its use), and limitation of future falls.
A study that examined smoking cessation in men noted a
reduced fracture incidence in men who were former smok-
ers relative to men who continued to smoke, although the

overall adjusted fracture risk remained above that of non-
smokers and persisted for at least 30 yr after cessation
(15). On the other hand, prior efforts to examine whether
a change from heavy alcohol intake to light alcohol con-
sumption reduced fracture risk have not shown significant
effects on fracture risk (16). In light of other deleterious
effects associated with excessive alcohol intake, however,
counseling men with heavy alcohol consumption on the
potential general health benefits associated with reduced
alcohol intake would seem appropriate. It is noteworthy
that hypogonadism was identified in our study as a risk
factor and is also included in the FRAX algorithm as a
known disorder strongly associated with secondary os-
teoporosis. Testosterone replacement is clinically indi-
cated in appropriate patients, although it appears likely
that it is ultimately the subsequent aromatization of tes-
tosterone to estradiol that is physiologically relevant for
skeletal health in men (17).

Conclusions
We have identified statistically significant associations

that may help to stratify and select men for bone density
testing. Statistically significant associations were for age,
low BMI, current smoking, excessive alcohol use, chronic
corticosteroid use, history of prior fractures, history of
falls, history of hypogonadism, history of stroke, and his-
tory of diabetes, although the majority were of relatively
low magnitude (i.e. adjusted odds ratios were generally
�2.0); thus, their utility for identifying men for BMD test-
ing remains uncertain. Although it is plausible that a com-
bination of risk factors may confer incremental risk and
justify screening, the available evidence is insufficient to
define such a combination. Significant statistical hetero-
geneity of meta-analytic estimates was found for all asso-
ciations, except for chronic corticosteroid use. We did not
identify evidence to support anyparticular effective testing
or screening strategy.
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