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ABSTRACT
Although FRAX (WHO Fracture Risk assessment Tool), developed by the WHO, is a well-validated tool for determining the probability of a major osteoporotic fracture in the next 10 years, it doesn’t include a number of other impact
factors such as exercise and nutrition. The purpose of this study was to compare the differences in FRAX between subjects with and without exercise habits or intake of calcium/coffee. A significant difference in FRAX was observed between the groups with respect to exercise (p < 0.001). There were no significant differences in FRAX, however, between the groups with and without intake of calcium/coffee. Although exercise habits are not included in FRAX, our
findings suggest that exercise status influenced other factors included in FRAX. Since exercise is reported to prevent
falls and fall-related osteoporotic fractures, including exercise status in FRAX may be more effective for estimating the
possibility of future fractures. Further investigation should be conducted to determine whether exercise status is an important risk factor, independent of FRAX, for osteoporotic fractures.
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1. Introduction
FRAX is an algorithm-based computer program that utilizes risk factors, along with bone mineral density
(BMD) to predict the absolute percentage of risk for a
major osteoporotic fracture over the next 10 years. The
FRAX tool, a result of the concerted efforts of multiple meta-analyses utilizing 12 different prospective
studies with representation from Europe, Australia,
Finland, Japan, France, Sweden, and USA, was developed by the WHO (WHO Fracture Risk Assessment
Tool) [1]. Risk factors included in FRAX are 1) age; 2)
gender; 3) smoking; 4) three or more alcoholic drinks
per day; 5) parent with a hip fracture; 6) rheumatoid
arthritis; 7) low body mass index (BMI); 8) prolonged
glucocorticoid exposure; 9) secondary osteoporosis; and
10) BMD [2].
Other risk factors for fractures, such as activity level
(exercise), which have the positive benefits of improving
mechanical balance and stability to reduce the likelihood
of falls [2], risk of falls which strongly predict hip and
other non-vertebral fracture regardless of intrinsic skeletal strength [3], and nutrition (calcium, Vitamin D, and
caffeine intake which contribute to improved BMD and
Copyright © 2013 SciRes.

the prevention of fractures) [4], however, are not included in FRAX. The purpose of this study was to evaluate other valid risk factors including exercise and nutriation, along with BMD and FRAX.

2. Participants
A total of 156 consecutive Japanese women who had
visited the first author’s orthopedic clinic between January 2010 and September 2011 and had a femoral neck or
lumbar spine BMD value less than 2.5 SDs lower than
the reference values were enrolled in this study. Among
these women, 56 subjects with acute or chronic illness
other than osteoporosis, malignant neoplasm, use of
walking aid devices other than a cane, and dementia,
were excluded (Figure 1). The 100 remaining patients
eligible for the study received a questionnaire relating to
habitual lifestyle including exercise habits, daily activity,
dietary habits including intake of foods rich in calcium
and favorable foods such as coffee, and risk factors that
are currently acknowledged by FRAX. Written informed
consent was obtained from all participants at the begining of the study.
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Patients enrolled: n=156

Patients excluded because of acute or
chronic illness, malignant neoplasm,
scondary RA, use of walking aid: n=56

100 participants were eligible for questionnaire

Do you exercise regularly?

Yes = Exercise group (n = 30)

No = Control group (n = 70)

Figure 1. The process of study selection. Data on age, height, weight, BMI, nutritional lifestyle (calcium, coffee) and lifestyle
habits (smoking, alcohol) were collected from all participants.

2.1. Bone Measurements
Areal BMD measurements were performed at the proximal femur and lumbar spine using dual energy X-ray absorptiometry (Hologic QDR Discovery W type, Toyo
Medic., Japan)

2.2. Statistical Analysis
Statistical analysis was performed using the Microsoft
Office Excel application and the Statcel 3 program (OMS,
Inc., Japan). Fracture risk was calculated for each subject,
according to the FRAX algorithm to compare differences
between the two groups. For the dichotomous variables,
the Chi-square test was used to evaluate the significance
of the differences. Single factor ANOVA and a post hoc
test (Fisher’s Protected Least Significant Difference)
were used to compare differences between four study
groups created based on a combination of exercise and
calcium intake. All the results of statistical tests were
regarded as statistically significant when p < 0.05.

3. Results
Data from the exercise and control groups are shown in
Table 1. There were 30 women in the exercise group and
70 in the control. There were no significant differences in
age and BMI between the exercise and control groups;
but significant differences in FRAX were detected. According to our data from FRAX analysis, there was no
Copyright © 2013 SciRes.

statistical difference in FRAX between individuals who
took calcium supplements and coffee (Figure 2). There
was, however, a statistically significant difference in
FRAX between the exercise group and control group,
regardless of whether they took calcium supplements
(Figure 3).

4. Discussion
Although FRAX, developed by the WHO, is considered
a well-validated tool for determining the probability rate
of a major osteoporotic fracture or hip fracture in the
next 10 years, it may lack other important risk factors. A
number of researchers have suggested the importance of
life style modification that includes measures to reduce
risk of falls and bone loss, such as exercise, adequate
dietary calcium and avoidance of smoking and excessive
alcohol consumption [5,6]. Although there are some reports on the effectiveness of exercise for the prevention
of fractures [7,8], we found a few studies showing that
physical therapy influences FRAX analysis [2,3,6].
Physical therapy may interfere with falling [8,9], and
presumably reduce the probability of fracture based on
FRAX. The results from the present study indicate that
compared to women who do not exercise, women who
exercise regularly have a lower risk of femoral neck
fracture. These findings suggest that exercise status influences other factors included in FRAX. Since exercise
is reported to prevent falls and fall-related osteoporotic
OJO
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Table 1. Comparison of variables in the exercise and control groups.
Exercise group (n = 30)

Control group (n = 70)

p-value

Age (years)

66.9 ± 7.9

74.8 ± 6.4

0.20a

Height (cm)

152 ± 5.2

149 ± 5.1

0.01a

Weight (kg)

55.8 ± 9.9

51.2 ± 8.6

0.02a

BMI (kg/m )

24 ± 4.0

23.1 ± 3.6

0.20a

FRAX (%)

3.6 ± 0.6

8.7 ± 0.7

<0.001a

Alcohol (n)

2.0

3.0

0.62b

Smoking (n)

1.0

1.0

0.53b

2

a

Student’s t-test; bx2 test.

FRAX

FRAX
NS

NS

(b)

(a)

Figure 2. Statistical analysis of FRAX score between nutrition groups (Student-t test). (a) Comparison between the groups
with and without calcium (Ca) supplements; (b) Comparison between the groups with and without coffee.
p = 0.0346
p = 0.0082
p = 0.0002
FRAX

Figure 3. Statistical analysis of FRAX score among the
groups with a combination of exercise (Ex) and calcium (Ca)
intake (single factor ANOVA and a post hoc test). Cont =
control.

fractures, including exercise status in FRAX may be
more effective for estimating the possibility of future fractures.
Copyright © 2013 SciRes.

Based on data from the present study, individuals who
have a habit of regular exercise can reduce the possibility
rate of osteoporotic fracture in the future. We also assessed nutritional status with relation to calcium intake
and coffee because these are factors that can be easily
measured, similar to alcohol and smoking habits that are
included in the present version of FRAX [2]. Contrary to
our expected results, we found no significant impact of
these nutritional factors on risk of osteoporotic fracture.
In addition, Honig [4] and McCloskey [5] reported that
the combination of regular exercise with calcium intake
can reduce the risk of osteoporotic fracture. However,
using only the FRAX tool, we did not detect significant
differences in fracture risk with the combination of exercise and calcium intake in the present study. The percentage of FRAX observed in the present study is lower
than the cut-off point of FRAX (15%) used to initiate
osteoporosis treatment that is recommended by the Japanese guideline for the prevention and treatment of osteoporosis (year 2011 version) [10]. This may reflect the
fact that the patients in our study had relatively mild (not
severe) osteoporosis. The average BMD of our study
participants was −3.0 SD whereas the average BMD reported by the database of Japanese osteoporosis was
−2.64 and FRAX (femur) was 8.8% [11]. These results
OJO
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are very similar to our data in the non-exercise controls.
The analyses by Karinkanta et al. [8] and Sherrington
et al. [9] indicate that exercise programs can reduce fall
rates in elderly individuals, which implies that the FRAX
algorithm should take into consideration exercise habits
and falls as risk factors [12]. They also emphasized the
importance of physically challenging balance training
and a high amount and frequency of exercise and did not
recommend a walking-only program. Our findings from
the current study, using FRAX, indicate that the exercise
group had a significantly lower possibility of fracture
compared to the control group due to highly-active agricultural work. Although our data suggest that exercise
should be promoted as a risk factor to be included in
FRAX, other risk factors, such as history of falling and
use of walking aids, should also be considered [13].
In summary, we evaluated the relationship between risk
factors and exercise using the FRAX tool in osteoporotic
patients. A regular habit of exercise decreased the prediction rates of risk of fracture using FRAX although there
was negative impact about nutrition factor. Other risk factors for osteoporotic fracture, such as exercise and falling,
should therefore be considered when using FRAX.
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