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Risk Factors for Osteoporotic Fractures in Elderly Men

Tuan V. Nguyen,' John A. Eisman, Paul J. Kelly,"2 and Philip N. Sambrook™**

Osteoporosis is recognized as an important cause of morbidity and mortality in aging women, but there have
been few epidemiologic studies in men. Potential risk factors for osteoporotic fractures were assessed in 820
elderly men aged 60 years or above in the city of Dubbo (Australia). During the follow-up period of 1989-1994,
the overall incidence of fractures (determined from x-ray reports) was 220 fractures per 10,000 person-years.
Higher risk of fracture was associated with lower femoral neck bone mineral density (BMD), quadriceps
weakness, higher body sway, falls in the preceding 12 months, a history of fractures in the previous 5 years,
lower body weight, and shorter current height. Use of thiazide diuretics, higher physical activity, and moderate
alcohol intake were protective against fracture. In multivariate analysis (Cox’s proportional hazards model),
femoral neck BMD (odd ratio (OR) = 1.47, 95% confidence interval (CY) 1.25-1.73 per 0.12 g/cm?), quadriceps
strength (OR = 1.43, 95% CIl 1.18-1.73 per 10 kg), and body sway (OR = 1.25, 95% CI 1.07-1.45 per 5.15
cm?) were independent risk factors. Preventive measures for bone loss and maintaining a physically active,
healthy life-style and modification of risk factors for falls in the elderly could yield beneficial effects in the
reduction of the incidence of osteoporotic fracture and hence improve the survival among men. Am J

Epidemiol 1996;144:255-63.
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Osteoporosis is a metabolic bone disease character-
ized by relatively low bone mineral density (BMD)
and increased susceptibility to fracture. Osteoporosis
is increasingly recognized as a major public health
problem in contemporary Western society with its
aging population. Although the morbidity, mortality,
and costs of osteoporosis have been well recognized in
women, these consequences in men have not been well
documented. Several studies have examined either the
incidence of fractures (1-3) or distribution of bone
mineral density (4-8) or life-style risk factors (9, 10)
in men, but there is a lack of comprehensive informa-
tion on risk factors in men in contrast to the extensive
data in women (11-13).
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In view of this, a number of questions have guided
this study: 1) what is the pattern and predictors of
age-related bone loss in males; 2) what is the incidence
of osteoporotic fractures among elderly men in the
general population assessed longitudinally; and 3)
what are the risk factors for osteoporotic fractures in
men.

MATERIALS AND METHODS
Subjects

In 1989, we invited all men and women aged 60 or
above who lived in Dubbo, a city of approximately
32,000 people 400 km northwest of Sydney, Australia,
to participate in the Dubbo Osteoporosis Epidemiol-
ogy Study. The aims of this study were to relate
osteoporotic fracture incidence, assessed prospec-
tively, to clinical risk factors for osteoporosis, BMD,
and measures of postural stability, as previously de-
scribed (8, 14-16). In 1989, the population comprised
1,581 men and 2,095 women aged =60 years who
were 98.6 percent Caucasian and 1.4 percent indige-
nous Aboriginal. Dubbo was selected for the study
because the age and sex distribution of the population
closely resembles the Australian population and it is
relatively isolated in terms of medical care, so that
virtually complete ascertainment of all fractures that
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occur in the target population is possible (16). This
report relates only to the male participants in this
study.

Assessment of risk factors

After obtaining informed consent, subjects were in-
terviewed by a nurse coordinator who administered a
structured questionnaire to collect data including age,
anthropometric variables (height, weight), life-style
factors such as past and present tobacco intake (as-
sessed as pack-years) and alcohol consumption, phys-
ical activity (17), any history of falls in the preceding
12 months, and any history of fractures in the past 5
years. Dietary assessment was based on a frequency
questionnaire for calcium intake, as described previ-
ously (18). Physical activity was assessed using a
questionnaire similar to that of the Framingham Heart
Study, in which each subject was asked to provide the
number of hours per day spent on five levels of phys-
ical activities: basal activity, sedentary, light, moder-
ate, and heavy. A weighting or intensity factor (17)
based on the approximate oxygen consumption needed
for each level of activity was multiplied by the number
of hours engaged in each activity. The weighting fac-
tors were: basal activity, 1; sedentary, 1.1; light, 1.5;
moderate, 2.4; and heavy, 5. The resulting products for
all activities were then summed to yield an index of
total physical activity (PAI). High PAI corresponds to
life-styles which were physically active, and low PAI
corresponds to habitual inactivity.

Various tests of postural stability were performed on
each subject at baseline as previously described (15).
Quadriceps strength (maximum isometric contraction)
was measured in the sitting position in the subject’s
dominant (stronger) leg with a horizontal spring gauge
calibrated up to 50 kg force. Body sway was measured
using a simple swaymeter that measured displacement
of the body at the level of the waist in 30 second
periods. Body sway was measured under four test
conditions: eyes open—firm surface (wooden floor);
eyes closed—firm surface; eyes open—compliant sur-
face (15 cm deep high density foam); and eyes
closed—compliant surface. Full descriptions of the
apparatus and procedures, along with test-retest reli-
ability scores (and confidence intervals) for the test
measures have been reported previously (19).

Measurement of BMD

BMD (g/cm?) was measured in the lumbar spine and
femoral neck by dual energy x-ray absorptiometry
using a LUNAR DPX-L densitometer (Lunar Corpo-
ration, Madison, Wisconsin). The radiation dose with
this method is <0.1 pwGy. The coefficient of variation

for BMD in our institution in 32 elderly subjects with
an average age of 75 years was found to be 5.5 percent
at the lumbar spine and 3.6 percent at the femoral
neck. BMD measurements were repeated after approx-
imately 2 years, using the same software version and
densitometer, to determine rates of loss.

Ascertainment of fracture

Fractures that occurred during the study period were
identified for individual normal residents in the Dubbo
local government area through radiologist’s reports
from the only two centers providing x-ray services
(16). Fractures were only included if the report of
fracture was definite and, on interview, had occurred
with minimum or no trauma, including a fall from
standing height or less. Fractures that were clearly due
to major trauma such as motor vehicle accidents were
excluded from the analysis. Radiologists’ reports were
examined independently by two of the authors to en-
sure agreement in identifying fracture cases correctly.
Vertebral fractures were included only if there was a
recent clinical history suggestive of fracture and/or
radiograph within the previous 2 years that did not
show a fracture.

Statistical methods

Multiple linear regression models were used to as-
sess factors associated with baseline BMD as well as
rates of change in BMD. Because there were several
potential variables that could serve as candidates for
the model, stepwise and backward elimination algo-
rithms were used to search for a set of variables with
maximum discriminatory power. Assessment of model
adequacy was done by analysis of residuals (20).

Analysis of incidence of fractures by age and site was
done in two steps: first, simple rates of fracture per
10,000 person-years were calculated for each age group
by treating the total male population of Dubbo as the
population at risk (denominator); second, to identify po-
tential predictors of fractures, Cox’s proportional hazards
model was used (21). In this model, the time to fracture
(dependent variable) was expressed as an exponential
function of several risk factors. Final models were con-
structed by stepwise and backward elimination algo-
rithms (22). The significance of parameter estimates de-
rived from the Cox’s proportional hazards model was
tested with the likelihood ratio statistic (23). Before con-
structing the model, a relatively high p value (0.15) was
used for the immediate steps to include the effects of any
potentially important variables that might be statistically
nonsignificant because of the size (and resulting power)
of the study. The assumption of proportional hazards for
the levels of each risk factor was tested by evaluating the
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linearity of plots of log(—log(S(z);), where S(t;); de-
scribes the jth survival time for the ith level (i = 1, 2) for
each risk factor.

All database management and statistical analyses
were performed with the use of the SAS statistical
analysis system (24).

RESULTS
Baseline characteristics

By December 1994, 820 men aged =60 years (or 55
percent of the Dubbo male population aged =60
years) were participating in the study (table 1). Of
these men, 752 or 91 percent had undergone baseline
BMD scanning.

Cross-sectionally, weight, height, physical activity
index, and quadriceps strength declined with advanc-
ing age. Between ages 60-64 and =80 years, a 5§
percent decrease in height and a 19 percent decrease in
weight were observed. Area of body sway (a measure
of postural instability), increased linearly with age
(table 2).

Cross-sectional mean BMD at the femoral neck
decreased with age (table 2). Femoral neck BMD in
men aged =80 years was on average 9 percent lower
than that in men aged 60—64 years. A similar magni-
tude of difference in BMD across age was also ob-
served at the Ward’s triangle and trochanteric areas.
By contrast, lumbar spine BMD was constant or in-
creased throughout the late decades of life.

Femoral neck BMD was found to be positively
related to weight, dietary calcium intake, and quadri-
ceps strength but was inversely correlated with age
and smoking (table 3). Lumbar spine BMD was pos-

itively associated with age, weight, and dietary cal-
cium intake, but negatively nonsignificantly related to
smoking.

Rates of change in BMD (longitudinal study)

A total of 442 men, or 60 percent of the original
cohort, had undergone repeat (second) BMD measure-
ments at an average interval of 2.5 years (range, 1.3—
3.5 years). As previously reported in a smaller sample
from this cohort (25), femoral neck BMD progres-
sively decreased with advancing age. A similar trend
was also apparent in the Ward’s triangle area. BMD in
the trochanteric subregion and lumbar spine increased
significantly from baseline (table 4).

Bone loss at the femoral neck was inversely related
to age, weight change, and interaction between age
and weight change. Self-reported alcohol drinkers ap-
peared to have reduced bone loss (table 5). These
factors collectively accounted for 4.4 percent of total
intersubject variation in bone loss at the femoral neck.
However, none of these factors was a significant pre-
dictor of changes in lumbar spine BMD.

Falls

The annual point prevalence of falls (within 12
months prior to entering the study) was reported at
18.9 percent; of these, the rate of once-only falls was
12.2 percent and the rate of multiple falls was 6.7
percent (table 6). Rate of multiple falls increased with
age: from 3.9 percent among subjects aged between 60
and 64 years to 9 percent among subjects aged =75
years.

TABLE 1. Distribution of cohort and participation rate by age group: the Dubbo Osteoporosis
Epidemiology Study (DOES), Australia, 1989-1994
Age group (years)
60-64 65-69 70-74 75-79 280 Total
Dubbo male population 512 384 308 198 106 1,508
DOES sample
No. 204 249 164 123 80 820
Participation rate* 40 65 53 62 75 55
First BMDt measurement
No. 184 236 151 111 60 752
%t 85 95 g2 90 75 91
Second BMD measurement
No. 124 146 81 64 27 442
%8 77 62 54 58 45 59

* Percent of Dubbo population.

1 BMD, bone mineral density.
1 Percent of DOES subjects.

§ Percent of subjects who had first BMD measurement.
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TABLE 2. Bassline characteristics of subjects by age group: the Dubbo Osteoporosis Epidemiology Study, Australia, 1989-1994

Age group (years)
Characteristic
60-64 65-69 70-74 75-79 280
Height (cm) 174.9 (7.01) 172.9 (6.89) 173.8 (6.65) 171.9 (6.5) 167.2 (5.92)
Waeight (kg) 81.10 (12.8) 79.21 (12.3) 77.74 (12.3) 73.42 (11.2) 66.41 (10.1)
Dietary calcium (mg/day) 646 (339) 610 (320) 652 (357) 612 (296) 641 (242)
Quadriceps strength (kg) 37.3(9.1) 34.8 (9.9) 32.6 (10.5) 29.2 (10.3) 26.2 (10.7)
Physical activity index 38.2 (11.4) 34.5(7.8) 33.5 (6.9) 32.8 (6.9) 29.2 (3.7)
Body sway (mm?2) 473 (357) 528 (428) 667 (498) 744 (829) 776 (474)
Bone minseral density (g/cm?2)
Femonral neck 0.94 (0.13) 0.93 (0.16) 0.92 (0.15) 0.85 (0.12) 0.87 (0.17)
No.t 192 230 147 109 55
Ward's triangle 0.75 (0.15) 0.75 (0.19) 0.72 (0.20) 0.71 (0.21) 0.68 (0.19)
No.t 192 232 149 109 55
Trochanter 0.95 (0.17) 0.90 (0.19) 0.90 (0.19) 0.84 (0.15) 0.75 (0.18)
No.t 192 232 149 109 55
Lumbar spine 1.23 (0.19) 1.26 (0.22) 1.24 (0.20) 1.28 (0.20) 1.30 (0.28)
No.t 191 235 149 109 58

* Mean (standard deviation).

1 Becauss not all subjects had bassline measurement at all sites, these numbers differ from table 1.

TABLE 3. Multiple linear regression analysis of the assoclation between bone mineral density and age,
weight, and life-style factors in elderly men: the Dubbo Ostesoporosis Epidemiology Study, Australia,
1989-1994
Value Femoral neck BMD* Lumbar spine BMD
Coefficient + SE* p value Coefficlent + SE p value
Intercept 0.6288 + 0.0998 <0.001 0.3823 + 0.1475 <0.001
Age (years) —0.0029 + 0.0008 0.001 0.0024 + 0.0013 0.064
Waeight (kg) 0.0043 + 0.0004 <0.001 0.0054 + 0.0006 <0.001
Dietary calcium (mg/day)t 0.0187 + 0.0008 0.046 0.0404 +0.0137 0.003
Quadriceps strength (kg) 0.0013 £ 0.0005 0.018 0.0006 + 0.0008 0.447
Smoking (yes/no)t —0.0397 + 0.0154 0.010 -0.0299 + 0.0028 0.188
Alcohol (yes/no)t —0.0082 + 0.0105 0.433 -0.0113 £ 0.0155 0.465
R? 0.222 0.125
RMSE* 0.131 0.194

* BMD, bone mineral density; RMSE, residual mean square error; SE, standard error.
1 Associated with an increase in one unit of natural logarithm of mg/day.

$Yes=10rno=0.

Incidence and risk factors for fractures

There were 166 atraumatic fractures observed dur-
ing the 5-year interval (1989 to 1994), making the
overall incidence of fracture among the Dubbo popu-
lation 220 per 10,000 person-years (table 7). However,
the incidence increased exponentially between age
groups: from 117 per 10,000 person-years among sub-
jects aged 60—64 years to 343 per 10,000 person-years
among subjects aged 75-79 years and 811 per 10,000
person-years among subjects aged =80 years. Based
on these incidences, the lifetime fracture risks (after
adjustment for mortality) for 60-, 70-, and 80-year-old
men were 25.6, 20.6, and 9 percent, respectively.

The incidence of multiple fractures increased signif-
icantly with age. For example, the incidence of mul-
tiple fractures among men aged =75 years was almost

five times higher than that among men aged 60-64
years. Fractures of the hip, spine, and ribs occurred
frequently (each accounting for about 19 percent of
total incidence), followed by fractures at the ankle and
the humerus (each accounting for 9.6 percent of total
fractures). Apart from ankle fractures, fractures at
other sites, particularly at the hip and spine, increased
exponentially with age.

Fracture subjects were older than non-fracture sub-
jects (mean (standard deviation (SD)) 76.0 (9.5) vs.
69.3 (6.6); p < 0.0001), had around 10 percent lower
body weight (p < 0.0001), and were shorter by 4 cm
(p <0.0001). Baseline BMD among fracture subjects
was significantly lower than in non-fracture subjects
by 12 percent (p < 0.0001) at the lumbar spine and by
17 percent (p < 0.0001) at the femoral neck. In
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TABLE 4. Annual percentage changes in bone mineral density in elderly men, at the spine and the femur, by age group: the

Dubbo Osteoporosis Epidemiology Study, Australia, 19891994

ertstic Age group (years)
6064 6569 70-74 75-79 280
Femoral nack -0.18 (2.85)* —0.53 (2.73) -0.33 (2.96) —1.57 (3.44) -1.73 (3.81)
No.t 122 139 79 62 25
Ward's triangle -0.32 (4.20) -0.33 (3.56) ~0.42 (4.17) -1.43 (4.89) ~1.39 (3.47)
No.t 121 137 78 62 25
Trochanter 1.01 (3.05) 0.65 (2.72) 1.41 (3.58) —0.49 (3.84) 0.20 (3.90)
No.t 121 137 78 62 25
Lumbar spine 0.35 (1.60) 0.43 (2.01) 0.56 (3.05) 0.23 (3.66) 0.39 (2.83)
No.t 122 143 80 60 25

* All values are mean (standard daviation) of annual percent change from bassline.
1 Becauss not all subjects had second measurement at all sites, these numbers differ from table 1.

TABLE 5. Multiple linear regression analysis of predictors of
bone loss at the femoral neck in elderty men: the Dubbo
Osteoporosls Epidemiology Study, Australla, 1989-1934

Predictor Coefficient + SE* p value
Intercept —0.2459 + 2.7889 0.929
Age (years) -0.0311 £0.0314 0.044
Physical activity index 0.0048 + 0.0038 0.213
Weight (kg) 0.0122 + 0.0144 0.399
Weight change (kg) -1.0477 + 0.4921 0.033
Dietary calcium (mg/day)t 0.0003 + 0.0005 0.535
Quadriceps strength (kg) 0.008818 £ 0.0184 0.631
Smoking (yes/no} —0.6896 + 0.4489 0.125
Alcohol (yes/no) 0.5195 £ 0.3055 0.089
Age x weight change 0.0164 + 0.0072 0.023

A2
RMSE*

0.044
3.268

* SE, standard error; RMSE, residual mean square error.
1 Associated with an increase in one unit of natural logarithm of
mg/day.

addition, they had lesser quadriceps strength (p <
0.0001) and higher body sway (about 45 percent
higher than non-fracture subjects).

Risk factors for total fractures as analyzed individ-
ually and adjusted for femoral neck BMD were: ad-
vancing age, previous fracture (within 5 years), previ-
ous falls (within 12 month), higher body sway, and
shorter height (table 8). On the other hand, lower risk
of fracture was associated with higher femoral neck
BMD, quadriceps strength, body weight, physical ac-
tivity, moderate intake of alcohol, and thiazide use.
However, after adjustment for femoral neck BMD,
height, body sway, previous falls, previous fractures,
and quadriceps strength were the only independent
predictors.

When all factors were considered in a stepwise and
backward elimination by Cox’s proportional hazards
model, it was found that baseline femoral neck BMD,
quadriceps strength, and body sway were significant
predictors of fracture. However, the magnitude of ef-
fects of these risk factors varied between fracture sites
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(table 9). When femoral BMD was excluded from the
stepwise regression analysis, weight, body sway, and
previous falls were found to be significant predictors
of fracture risk.

DISCUSSION

Understanding the causes, prevention, and treatment
of osteoporosis is increasingly becoming one of the
cornerstones of geriatric medicine. While much re-
search effort and attention have been directed toward
identification of risk factors for osteoporosis in
women, there have been few studies aimed at exam-
ining osteoporosis in men. To our knowledge, the
present study is the first large prospective study to
address the incidence and risk factors for osteoporotic
fractures in men. As previously reported in a smaller
sample and shorter follow-up of this cohort (16), the
overall incidence of atraumatic fractures in males is
around 220 per 10,000 person-years, comparable with
that reported by Garraway et al. (26) in a North Amer-
ican population. By age 80 years or above, approxi-
mately one out of 10 men had suffered a fracture. The
remaining lifetime risk of fracture for men surviving at
ages 60 and 70 years was 26 percent and 21 percent,
respectively. Contrary to the traditional view, fractures
of the spine and ribs were as common as hip fractures
in men, in addition to fractures of the humerus and
lower leg. Similar to other studies in women, the
incidence of fractures of the hip, spine, and humerus
increased exponentially with age. Moreover, the inci-
dence of multiple fractures increased from less than 50
per 10,000 person-years in men aged less than 70
years to around 100 per 10,000 person-years in men
aged =70 years.

Possible factors associated with the increase in the
incidence of fractures with age were analyzed. Bone
mineral density, particularly at the femoral neck, al-
though related to age, is more powerful than age per se
in the prediction of fracture risk. This finding is in
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TABLE 6. Incidence of falls In elderly men (number and percentage of total study subjects): the Dubbo
Osteoporosis Epidemiology Study, Australia, 19891994

Age group (years)
60—64 65-69 70-74 75-79 2680 Total

No. of men 204 249 164 123 80 820

No. of fallers 32* 38 33 33 18 154
(15.7) (15.3) (20.2) (26.8) (22.5) (18.8)

Once-only fallers 24 23 20 21 11 99
(11.8) (9.3) (12.2) (17.1) (13.8) (12.1)

Multiple fallers 8 15 13 12 7 55
(3.9) (6.0) (8.0) 8.7) 8.7) (6.7)

* Number of falls by age group with incidence per 100 in parenthases.

TABLE 7. Incidence of atraumatic fractures in elderly men—number of fracture cases and incidence
per 10,000 person-years: the Dubbo Ostsoporosis Epidemiology Study, Australia, 1389-1994

Fracture site Age group (years)

60684 6569 70-74 75-79 280 Tota}

All fractures 30+ 33 26 34 43 166
(117) (172) (169) (343) (811) (220)

Multiple fractures 2 7 3 10 5 27
) (36) (19) (101) (94) (36)

Hip fractures 1 4 5 5 16 31
(4) (21) (32) (50) (302) (1)

Vertebral fractures 3 6 1 13 9 32
(12) (31) (6) (131) (170) (42)

Humerus fractures 2 1 3 4 6 16
(8) (5) (19) (40) (118) (21)

Rib fractures 6 9 8 7 2 32
(23) (47) (52) (71) @7 (42)

Ankle fracturas 4 6 1 2 1 16

(16)

@1

(6) (20) (19) (21)

* Number of fracturas by age group with incidence per 10,000 person-years (of the entire Dubbo male popula-

tion) in parentheses.

TABLE 8. Risks of atraumatic fractures in elderly men, expressed as standardized odds ratios (OR)
and 95% confidence intervals (Cl) for 1 standard deviation change, estimated by Cox’'s proportional
hazards model: the Dubbo Osteoporosis Epidemiology Study, Australia, 1989-1984

Adjusted for bone
Al tactor e Unhvartate analysls n{;‘] onl cray
OR 85% Ci OR 95% Cl

Age 7.7 years 1.41 1.26-1.55 1.16 1.04~1.31
Femoral neck bone mineral density 0.12 g/cm? 0.72 0.63-0.82

Quadriceps strength 10 kg 0.81 0.71-0.91 0.88 0.75~0.99
Body sway 515 mm?2 1.16 1.04—-1.29 1.13 1.01-1.27
Previous falls Yes/no 1.10 1.0-1.29 1.19 1.07~-1.33
Previous fractures Yas/no 1.19 1.10-1.30 1.35 1.23~1.50
Waight 12.7 kg 0.81 0.72-0.92 0.90 0.79~-1.04
Height 6.9 cm 0.81 0.71-0.90 0.87 0.77-0.99
Alcohol use Yes/no 0.73 0.66—0.81 0.93 0.83-1.05
Physical activity index 7.0 0.71 0.55-0.91 0.86 0.72~-1.02
Thiazide use Yes/no 0.89 0.81-1.00 0.97 0.86~1.10

agreement with previous studies in women (14, 27—
29). Several factors were identified: those related to
bone mineral density and its loss, and those related to

falls.

Associated with the age-related increase in fractures
was a linear age-related decrease in weight and height.
Both increasing age and reduced current stature were
significant predictors of fracture risk, even after ad-
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