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Low bone mineral density is a significant risk factor
for low-energy distal radius fractures in middle-
aged and elderly men: A case-control study
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Abstract

Background: In general there is a lack of data on osteoporosis and fracture in men; this also includes low-energy
distal radius fractures. The objectives of this study were to examine BMD and identify factors associated with distal
radius fractures in male patients compared with controls recruited from the background population.

Methods: In a 2-year period, 44 men 50 years or older were diagnosed with low-energy distal radius fractures, all
recruited from one hospital. The 31 men who attended for osteoporosis assessment were age-matched with 35
controls. Demographic and clinical data were collected and BMD at femoral neck, total hip and spine L2-4 was
assessed by dual energy X-ray absorptiometry.

Results: Apart from weight and living alone, no significant differences were found between patient and controls
for demographic variables (e.g. height, smoking) and clinical variables (e.g. co-morbidity, use of glucocorticoids,
osteoporosis treatment, falls and previous history of fracture). However, BMD expressed as T-score was significant
lower in patients than in controls at all measurement sites (femoral neck: -2.24 vs. -1.15, p < 0.001; Total hip: -1.65
vs. -0.64, p < 0.001; Spine L2-4: -1.26 vs. 0.25, p = 0.002). Among the potential risk factors for fracture evaluated,
only reduced BMD was found to be significantly associated with increased risk for low-energy distal radius fractures
in men.

Conclusion: The results from our study indicate that reduced BMD is an important risk factor for low-energy distal
radius fracture in men. This suggests that improvement of BMD by both pharmacological and non-pharmacological
initiatives may be a strategy to reduce fracture risk in men.

Background

The incidence of distal radius fractures is lower in mid-
dle-aged and elderly men than in women. In a Norwe-
gian study, the average annual incidence rate was 25.4/
10,000 in men compared with 109.8/10,000 in women
over the age of 50 years [1].

Compared to women there is a general lack of data on
distal radius fractures in men including data on preva-
lence of osteoporosis and risk factors [2-4]. In a few stu-
dies, osteoporosis has been reported to be more
frequent in male distal radius fracture patients com-
pared to control subjects and reference populations
[2,5-7]. There is also a lack of data exploring the role of
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bone mineral density (BMD) together with other possi-
ble risk factors for low-energy distal radius fractures in
men.

The objective of this prospective case-control study
was to compare BMD at spine and hip in male low-
energy distal radius fracture patients with age-matched
controls and to search for factors associated with
increased risk for distal radius fractures.

Methods

Study design and study population

The low-energy distal radius fracture patients (age > 50
years) were all prospectively recruited from one hospital
located in southern Norway in the two year period Janu-
ary 2004 through December 2005. The hospital is the
only referral centre for orthopaedic trauma in the
region. The population of men aged 50 years and older
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living in the recruitment area of the hospital is approxi-
mately 16,000 and the majority of the population lives
in urban areas.

According to routine procedures at the hospital, all
patients with fractures are identified by trained nurses
and invited for osteoporosis assessment and fracture
risk assessment at the osteoporosis centre. Patients with
obvious confusion or dementia or serious infections
were not invited for osteoporosis assessment. At the
osteoporosis centre, routine clinical data were collected
for fracture risk assessment, and BMD was measured
(see below).

A low-energy distal radius fracture was defined as a frac-
ture resulting from minimal trauma falling from standing
height or less [8]. Patients with high-trauma fractures (e.g.,
occurring as the result of a motor vehicle accident) were
excluded. A distal radius fracture was defined as located
within 3 c¢cm of the radio-carpal joint [9].

Age-matched controls were randomly identified in the
national registry for the hospital catchment area and
were invited by mail to participate in the study. We
aimed to include one control person, matched for age
and sex, for each patient. The controls were recruited
and examined in the time period between June 2004
and March 2006.

The study was approved by the National Data Inspec-
torate and the regional committees for medical research
ethics.

Demographic and clinical data and BMD measurements
The demographic and clinical characteristics of the
patients and controls are listed in table 1. The informa-
tion was obtained partly by self-report questionnaire
and partly by interview and clinical examination.

BMD was measured at the femoral neck, total hip and
lumbar spine (L2-4), by four trained nurses using the
same dual energy X-ray absorptiometry (DXA) equip-
ment (General Electric, Lunar Prodigy). The in-vitro
long term coefficient of variance (CV) for the spine
phantom was 0.62% for the entire study period. The
in-vivo CV for the measurement procedure was 1.68%
for right femoral neck, 1.56% for left femoral neck,
0.94% for the right total hip, 0.88% for the left total hip
and 1.26% for lumbar spine L2-4. We used the BMD
values for the left hip unless there was a history of pre-
vious fracture or surgery. Scans from the right hip were
used in three patients.

T-score calculations were derived from standardized
NHANES male reference population supplied by the
DXA manufacturer. We used the WHO cut point defi-
nition for osteoporosis (T-score < -2.5 standard devia-
tion (SD)), osteopenia (T-score > -2.5 SD and < -1.0
SD) and normal bone density (T-score > -1.0 SD) (10).
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Fracture risk estimated by FRAX®

We used the WHO fracture risk assessment tool FRAX®
to investigate if the distal radius fracture patients had
higher fracture risk than the controls prior to their cur-
rent distal radius fracture. In the absence of a Norwe-
gian FRAX®™ model, we used the Swedish FRAX"™ model
to estimate the 10-year risk of hip fractures and any
major osteoporotic fractures (clinical spine, forearm,
hip, or shoulder). FRAX® was calculated with and with-
out femoral neck BMD (g/cm?®) in the algorithm. The
clinical risk factors included in the FRAX"™ model com-
prise information on race, age, sex, weight, height,
femoral neck BMD, a previous fracture, parental history
of hip fracture, current smoking, use of oral glucocorti-
coids for more than three months, rheumatoid arthritis,
other secondary causes of osteoporosis, and alcohol
intake of three or more units per day [11]. The FRAX®
was calculated without taking the current distal radius
fractures into account, but earlier low-energy fractures
were registered.

Statistical analysis

Categorical variables were expressed as numbers and
percentages, and continuous variables as means with
SD or as medians with range. We used independent-
samples t-test for continuous variables and chi-square
test for categorical variables in comparisons between
fracture patients and controls, and between distal radius
fracture patients attending and not attending for DXA.
Chi-square tests were used to explore for differences in
frequency of patients with distal radius fractures in
spring, summer, autumn and winter. Independent-
samples t-test was also used to compare FRAX" 10-year
probability for fracture between fracture patients and
controls.

The association between low-energy distal radius frac-
tures as dependent variable and the variables included
in table 1 as independent variables were tested in condi-
tional logistical regression analyses, unadjusted and
adjusted for age. The degree of association was
expressed as odds ratio (OR) with 95% confidence inter-
val (CI). A two-tailed p-value < 0.05 was considered sta-
tistically significant. All analyses were performed using
SPSS software for Windows, version 15.0 (SPSS Inc.,
Chicago, Illinois).

Results

In the two-year period, a total of 44 men with low-
energy distal radius fractures resident in the geographic
area of the hospital were assessed and treated. Two
male tourists with low-energy distal radius fracture were
also treated at the hospital but excluded from the pre-
sent analysis. Among the 44 resident patients, two were
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Table 1 Demographic variables, clinical characteristics and bone density measures in male distal radius fracture
patients and controls

Demographics Patients (n = 31) Controls (n = 35) P-value
Age (years) 66.5 (11.6) 66.2 (10.1) 0916
Height (cm) 1753 (9.7) 176.2 (5.2) 0.666
Weight (kg) 77.3 (14.5) 84.7 (10.7) 0.020
Education > 13 years 8 (32.0) 18 (514) 0.188
Living alone 12 (38.7) 3 (86) 0.007
Current smoker 10 (33.3) 8 (229) 0411
Alcohol abuse 0 (0.0) 0 (0.0) -
Clinical characteristics
Rheumatoid arthritis 132 0 (0.0) 0470
Inflammatory diseases 132 1(29) 1.000
Endocrine diseases® 132 129 1.000
Cardiovascular diseases/ 4 (129) 7 (20.0) 0.521
Diabetes 1(3.2) 129 1.000
Glucocorticoids

Ever 3(115) 2 (5.9) 0.644

Current 2(7.7) 0 (0.0) 0.184

> 3 months 2 (6.5) 2 (5.7) 1.000
Calcium supplement 3097) 3 (86) 1.000
Vitamin-D supplement 12 (38.7) 14 (40.0) 1.000
Bisphosphonate 2 (64) 1(29) 0.597
Loss of height (= 3 cm)- 6 (21.4) 6 (17.6) 0.755
Previous fracturet 4 (12.9) 4 (12.9) 1.000
History of hip fracture in a parent 3(103) 309.0) 1.000
Falls (> 1 fall last year) 9 (40.9) 5(185) 0116
Bone mineral density
BMD femoral neck (g/cmz) 0.78 (0.14) 0.92 (0.14) <0.001
BMD total hip (g/cm?) 0.84 (0.16) 101 (0.13) <0.001
BMD L2-4 (g/cm2) 1.08 (0.24) 1.27 (0.20) 0.001
T-score femoral neck (SD) -2.24 (1.05) -1.15 (1.11) <0.001
T-score total hip (SD) -1.65 (1.04) -0.64 (0.91) <0.001
T-score L.2-4 (SD) -1.26 (2.05) 0.25 (1.69) 0.002
Femoral neck 0.006**

Normal BMD 2 (6.9) 14 (40.0)

Osteopenia 20 (69.0) 18 (51.4)

Osteoporosis 7 (24.1) 3 (8.6)
Total hip <0.007**

Normal BMD 6 (23.1) 23 (65.7)

Osteopenia 15 (57.7) 12 (34.3)

Osteoporosis 7 (19.2) 0 (0.0)
Lumbar spine L2-4 0.002%*

Normal BMD 11 (35.5) 26 (74.3)

Osteopenia 12 (38.7) 8 (22.9)

Osteoporosis 8 (25.8) 1(2.9)
Normal BMD at all sites* 2 (6.5) 14 (40.0) 0.002
Osteopenia at >1 site but no osteoporosis* 20 (64.5) 17 (48.6) 0.222
Osteoporosis at >1 site® 9 (29.0) 50114) 0.120

Mean (SD) for continuous variables and numbers (%) for categorical variables.

SD: standard deviation. BMD: bone mineral density. Total numbers may vary between different variables according to different numbers of missing data. °
Endocrine diseases included hyperparathyroidism, hypothyroidism and hyperthyroidism. ACardiovascular disease comprised angina pectoris and cardiac
infarction. «Difference between present height and the given maximum adult height. tPrevious fracture before the current distal radius fracture defined as a
fracture of the distal radius, upper arm, rib, spine, hip, femur or lower leg from low-energy trauma after the age of 50. *Femoral neck, total hip, lumbar spine
L2-4. **Qverall p-value for the actual categorised variable.
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excluded due to dementia or confusion, and 11 patients
were unwilling to be assessed at the osteoporosis centre.
The final study sample comprised 31 patients, giving a
response rate among potentially eligible patients of
67.4%. For the age groups 50-59 years (n = 11), 60-69
years (n = 7) and 70 and above (n = 13) the response
rate was 84.6%, 63.6% and 65.0%, respectively. The med-
ian time between fracture and examination at the osteo-
porosis centre was 10.0 days (range 1-50 days).

Resident patients not assessed at the osteoporosis cen-
tre were on average 4.6 years older than patients
assessed at the osteoporosis centre (mean 71.1 years, SD
10.7 vs. 66.5 years, SD 11.6; p = 0.10).

A total of 65 potential control subjects were invited to
participate, of which 35 were willing to participate, giv-
ing a response rate of 54%.

Distal radius fracture prevalence and seasonal variations
No statistically significant difference in the distribution
across seasons was seen among the male distal radius
fracture patients; however, numerically more patients
had a fracture in winter (n = 16) than in spring (n =
11), summer (n = 7) and autumn (n = 10). There also
was no significant difference in the proportion of
patients with distal radius fractures with osteoporosis
between the seasons (spring 16.7%, summer 40.0%,
autumn 25.0% and winter 33.3%).

Distal radius fracture patients and age-matched controls
Demographic variables, clinical characteristics and BMD
values for patients assessed at the osteoporosis centre
and controls are shown in table 1. The patients had sig-
nificant lower weight than the control subjects, and
more patients than controls were living alone. The
patients had significant lower BMD and T-scores than
the controls at all measurements sites. More patients
also had osteoporosis and osteopenia than controls. For
the other demographic and clinical variables listed in
table 1, no significant differences were seen between the
two groups.

Risk factors for distal radius fractures
ORs for the association of low BMD with distal radius
fractures were estimated in unadjusted and age-adjusted
analyses. As shown in table 2, both osteoporosis and
osteopenia were significantly associated with distal
radius fractures. Weight was found to be of borderline
significance in both unadjusted (OR = 0.95, 95% CI:
0.91-1.00, p = 0.053) and age-adjusted models (OR =
0.96, 95% CI: 0.91-1.00, p = 0.064). Living alone was no
longer significantly associated with fracture in unad-
justed or age-adjusted models (data not shown).

When FRAX® was calculated using femoral neck
BMD, a significant difference in 10-year risk for hip
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Table 2 Unadjusted and age adjusted odds ratios (OR¥)
with 95% confidence interval (Cl) for associations
between osteopenia and osteoporosis and low-energy
distal radius fracture in men

Unadjusted Adjusted for age
OR (95%) CI p-value OR (95%) Cl p-value
Osteopenia t 5.95 (1.32-26.86)  0.020 5.82 (1.28-2640)  0.023
Osteoporosist 1048 (1.63-67.60) 0.013 10.02 (1.54-6532) 0.016

*OR and 95% Cl was calculated using conditional logistic regression analysis.
tAt femoral neck, total hip and/or lumbar spine L2-4 but no osteoporosis. At
femoral neck, total hip and/or lumbar spine L2-4.

fracture (9.6% vs. 4.7%, p = 0.039) and for any major
osteoporotic fracture (15.5% vs. 10.0%, p = 0.033) was
found between distal radius fracture patients and con-
trols. However, when FRAX"™ was calculated using
weight and height but without BMD, the differences in
FRAX" between the two groups was no longer signifi-
cant (hip fracture: 5.0% vs. 4.0%, p = 0.53; any major
osteoporotic fracture: 10.0% vs. 8.8%, p = 0.51).

Discussion

The most striking result from the present case-control
study is the demonstration of an approximately 15%
lower BMD at the hip and spine in men with distal
radius fractures compared with age-matched controls
and the apparently strength of the association between
low BMD and low-energy distal radius fracture in men.
This study adds evidence that reduced BMD is a major
risk factor for low-energy distal radius fracture in mid-
dle-aged and elderly men as previously has been shown
for women [12-14]. In the present study, no other risk
factors were found to be significantly associated with
low-energy distal radius fractures, although there was a
trend for low body weight. This most likely is related to
the low number of patients included in our study.

The strengths of this study are the prospective study
design for case acquisition over a 2-year period, high
participant rate (67.4% of all cases identified within a
single geographic region), the short time between
the occurrence of the fractures and the examination at
the osteoporosis centre (median 10 days) and use of
age-matched controls recruited randomly from the
population. We also identified all male patients with
low-energy distal radius fracture including patients not
attending DXA-measurements at the osteoporosis
centre. Further, we only included patients defined
according to the definition of low-energy fractures and
not high-energy trauma patients.

However, a limitation of this study is the rather low
number of fracture patients included. This may have
limited our ability to identify other important risk fac-
tors than reduced BMD for low-energy distal radius
fracture in men. Thus, our results should be interpreted
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with caution. Furthermore, the response rate among
controls who were invited for assessment was only 54%.
This may have biased our results as the control group
may not reflect the true background population regard-
ing distribution of risk factors for distal radius fracture.

In our study more male fracture patients than male
controls were living alone. In a recently published case-
control study examining 214 female low-energy distal
radius fracture patients recruited from the same geo-
graphic area over the same two year period, we found
that living alone and current use of glucocorticoids in
addition to having osteoporosis were independently
associated with low-energy distal radius fracture in
women [14]. The explanation for this may be that beha-
vioral and psychological factors associated with living
alone, might influence the risk of falls and fractures [15].

The discrepancy in numbers between men and women
in these two studies from the same geographic area is
reflected by the different age specific fracture rates of
approximately 1:4 reported for individuals aged = 50
years with distal radius fracture in Norway [1].

Environmental factors may also contribute to an
increased risk of distal radius fracture. Previous studies
have shown that distal radius fractures occur more fre-
quently in the winter months in both men and women
[4,16,17] and especially on days with snow and ice [18];
this probably is due to an increased risk of falling. In
our study, we also found a tendency to an increased risk
of distal radius fracture in men in winter as we pre-
viously have also shown for women [14].

Our study confirms the results from previous cross-
sectional studies which have reported DXA BMD at
heel, spine and hip to be lower in male distal radius
fracture patients than controls [2,6]. In the study by
Tuck et al that including men with high-energy distal
radius fracture, the magnitude of the difference in BMD
at lumbar spine (7%), total hip (8%) and femoral neck
(12%) was lower compared with that seen in our study
(~15% both at spine and hip) [2]. In that study, the
authors also reported that osteoporosis was indepen-
dently associated with increased risk of distal radius
fracture after adjusting for age and body mass index
(BMI).

Among studies in men with distal radius fracture
without bone density data, one retrospective case-
control study reported a history of previous fracture to
be the only independent risk factor for low-energy frac-
ture [19], whereas another prospective study reported
increasing age and reduced BMI to be predictors of
increased forearm fracture risk [20]. In our study, mean
weight was significantly lower in men with distal radius
fracture; however, this was less strongly associated with
distal radius fracture than reduced BMD. Other tested
potential risk factors in our study including falls during
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the past year and previous low-energy fractures were
also not found to be statistical significantly associated
with an increased fracture risk. This again is most likely
due to the low number of patients included as in our
study.

In low-energy distal radius fracture patients, reduced
BMD has not only been shown to be related to an
increased fracture risk but also to be associated with an
increased severity of the distal radius fracture [21]. The
importance of reduced BMD as a risk factor for our
low-energy distal radius fracture patients is also demon-
strated by the FRAX® fracture risk analysis. We only
found a statistically significant difference in FRAX®
between patients and controls when femoral neck BMD
was included in the FRAX® algorithm but not when the
FRAX™ algorithm was calculated without BMD.

The results from the present study suggest that more
focus should be placed on improving bone strength and
reducing the risk of falling especially in winter time to
reduce low-energy distal radius fracture risk in men
above 50 years. Strategies to improve bone strength may
include changes in life style factors (e.g. modifying
drinking and smoking habits), improving nutrition
including calcium and vitamin D supplementation, and
medical treatment if indicated.

Conclusions

The results from the present study indicate that low
bone mineral density is an important modifiable risk
factor for low-energy distal radius fracture in men. This
suggests that strategies to improve bone strength should
include both pharmacological and non-pharmacological
initiatives. However, larger studies are needed to con-
firm our results as our study is limited by the low num-
ber of patients.
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