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Abstract

Summary Adjusted for age, gender, height and weight, cal-
caneal quantitative ultrasound (QUS) and serum 25-
hydroxyvitamin D (S-25(OH)D) proved to be significant
predictors of hip fracture among subjects aged >50 years.
Even if their contribution to the predictive power was mod-
est, they may be useful in the assessment of hip fracture risk
in the elderly.

Introduction This study assessed calcaneal QUS measure-
ments, S-25(OH)D and several other factors for the predic-
tion of hip fracture risk in a nationally representative
population sample.

Methods The study population consisted of 3,305 subjects
(1,872 women), aged 50 years or over, who had participated
in a comprehensive health survey. QUS measurements were
made by means of the Hologic Sahara device. S-25(OH)D
was measured by radioimmunoassay. Emerging cases of hip
fracture were identified from the National Hospital Discharge
Register.

Results During a mean follow-up of 8.4 years, 95 subjects
sustained a hip fracture. After adjusting for age, gender,
height, weight and each other, a 1 standard deviation increment
in the quantitative ultrasound index (QUI) (21.7) and in S-
25(OH)D (17.5 nmol/L) reduced the risk of hip fracture by
40 % (hazard ratio [HR]=0.60, 95 % confidence interval
[CI]=0.42-0.86) and by 31 % (HR=0.69, 95 % CI=0.55-
0.87), respectively. The predictive power of a model including
age, gender, height and weight was improved by about 8 %
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after the addition of QUI and S-25(OH)D. Among subjects
aged 75 years or over, the corresponding improvement was
about 130 %.

Conclusions QUI and S-25(OH)D were significant and in-
dependent predictors of hip fracture. However, their ability
to increase the predictive power of a statistical model in-
cluding readily available simple variables such as age, gen-
der, height and weight was rather modest. Still, our findings
suggest that QUI and S-25(OH)D may be of clinical use in
the assessment of hip fracture risk particularly in the elderly.

Keywords 25-Hydroxyvitamin D - Hip fracture -
Population-based prospective study - Quantitative
ultrasound - Risk assessment

Introduction

Fragility fractures constitute a growing health problem in
elderly people and an ever-increasing burden for health
services in many countries. Hip fractures, in particular, are
disabling and costly [1-4].

Bone mineral density measured by means of dual-energy
X-ray absorptiometry (DXA) is widely used for the diagno-
sis of osteoporosis and assessment of fracture risk [5].
Fracture risk can also be assessed on the basis of age and
a number of other risk factors, such as body build (weight,
height and body mass index), prior fragility fracture,
smoking, heavy alcohol use and certain diseases and
medications [5—7]. Combinations of risk factors of this
kind (so-called clinical risk factors) and bone mineral
density are likely to improve the performance of such
risk assessments for various fragility fractures, including
hip fracture [8].

Although not suitable for diagnosing osteoporosis, calca-
neal quantitative ultrasound (QUS) has been shown to predict
hip fractures in elderly men and women even independently of
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bone mineral density assessments by DXA [9—15]. The mea-
surements of broadband ultrasound attenuation (BUA) and
speed of sound (SOS) across the calcaneus partially reflect
bone strength since the ultrasound propagation largely de-
pends on the structure and quality of the medium being
studied. From the global point of view, it is of importance that
QUS devices are transportable, much less expensive than
dual-energy X-ray scanners and do not involve ionising
radiation.

Because of technical differences, various brands and
models of QUS devices do not necessarily yield directly
comparable information on BUA and SOS to be used in the
assessment of bone strength or fragility [16, 17]. This com-
plicates comparisons of results obtained with different QUS
devices, since there are no methods for standardisation or
cross-calibration of measurements between two or more com-
mercially available brands. However, according to a recent
meta-analysis based on prospective studies, QUS devices
from various manufacturers appear to predict risks of hip
and other fractures with similar performance in elderly people,
both men and women [18]. Overall, these prospective studies
on fracture risk assessment have been rather heterogeneous
with respect to the methods for recruitment of participants,
gender of the study population (predominantly women), frac-
ture outcomes and the risk factors for which the authors have
been able to adjust the risk [9-15]. Only a few prospective
studies have taken into account risk factors other than age,
body build and fracture history [11, 15]. For example, in this
context, little information is available on physical activity,
smoking, alcohol intake, or vitamin D status. Moreover, for
the prediction of hip fracture risk, the follow-up periods have
been short, on average, rarely in excess of 3 years.

Thus far, only a few prospective studies have combined
the use of the Hologic Sahara QUS device with other risk
factors in the prediction of hip fracture [13—15]. Using the
Hologic Sahara device in a cross-sectional population-based
study [19], we found significant associations of the calca-
neal QUS variables with serum 25-hydroxyvitamin D (S-
25(0OH)D) and a number of other known risk factors for
bone fragility [20]. The present study assesses the baseline
findings in this nationally representative population sample
of men and women for the prediction of hip fractures during
a mean follow-up of 8.4 years.

Methods

Study design and subjects

A comprehensive health survey, the Health 2000 Survey, was
conducted in Finland in 20002001 [21]. The survey was based

on a stratified two-stage cluster sample (N=8,028) representa-
tive of the Finnish population aged 30 years or over. Those

@ Springer

aged 80 years or over were oversampled (2:1) relative to their
proportion in the population. A total of 6,354 subjects partici-
pated in health examinations carried out by specially trained
professionals in 80 localities throughout the country.

The present follow-up study is based on the participants
aged 50 years or over at baseline for whom information on
QUS measurement was available. After the exclusion of all
victims of high-energy hip fractures (n=20), the present study
population consists of 3,305 subjects aged 50 years or over
(75 % of those within this age range in the original sample).

The study was approved by the ethics committee for
epidemiology and public health in the hospital districts of
Helsinki and Uusimaa, Finland. All participants gave their
signed informed consent.

Risk factors

Weight and height were measured with light clothing with-
out shoes, with height to the nearest 0.5 cm and weight to
the nearest 0.1 kg. S-25(OH)D concentrations were mea-
sured by radioimmunoassay as described previously [20].

The information about previous hip fractures was drawn
from the National Hospital Discharge Register covering all
hospitals in the country. Smoking reported in a health interview
[20] was classified into three categories: never smokers, former
smokers (those who had quit smoking at least 1 month prior to
the survey) and current smokers. Alcohol use, expressed as
absolute ethanol in grams per week, was estimated on the basis
of the reported average consumption during the past month and
classified into three categories: no use, moderate use and heavy
use. The limit of heavy use was set at 280 g/week in men and
140 g/week in women, as proposed by the Finnish guidelines
[22]. A questionnaire [19] elicited information on leisure-time
physical activity which was classified into three categories:
active, moderately active and sedentary.

Quantitative ultrasound measurement

QUS measurements were made by means of the Hologic
Sahara device (Hologic, Bedford, MA, USA) recording
BUA (in decibels per megahertz) and SOS (in metres per
second) transmitted in a mediolateral direction across the
calcaneus. The device was checked for performance quality
daily before the first participant using the phantom provided
by the manufacturer. The reliability and validity of the mea-
surements were good as reported earlier [20, 23]. A composite
variable, the quantitative ultrasound index (QUI) was calcu-
lated from the values of BUA and SOS [13].

Hip fractures

The follow-up information about hip fractures was drawn from
the National Hospital Discharge Register. The patients admitted
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to the hospital for primary treatment of hip fracture (codes
S72.0-S72.2 as primary or secondary diagnoses according to
ICD-10) were identified, excluding those with high-energy
fractures (i.e. fractures following falls exceeding 1 m from
one level to another or traffic accidents or casualties alike). A
hip fracture was considered to be ‘the first” if no hip fracture
had been registered during the 10 years preceding the baseline.
The follow-up period continued until hospitalisation due to a
hip fracture, until the end of 2009 or until the date of death,
whichever came first.

Statistical methods

Comparisons between men and women and between sub-
jects with and without incident hip fracture were
performed using Student’s ¢ test for continuous variables
and chi-square test for categorical variables. Pearson’s
partial correlation coefficients (») adjusted for gender were
calculated to assess associations of age with QUS and S-
25(0OH)D. A probability value <0.05 was considered sta-
tistically significant. Predictors of hip fracture were esti-
mated by adjusted hazard ratios (HR) with 95 %
confidence intervals (CI) using Cox’s proportional hazards
models. Mutually similar analyses were first made sepa-
rately for men and women. Because of the relatively small
number of hip fractures in men, the gender cohorts were
combined for the final risk assessment models. Moreover,
owing to small numbers, the history of a previous hip
fracture could not be used as a covariate in the final
model. Thus, the subjects who had previously fractured
their hip were excluded from the final risk analyses
(n=31, including 6 subjects who sustained a new fracture
during the follow-up).

Statistical significance of each covariate or interaction
term was tested with the likelihood ratio test and expressed
as an exact p value. The performance of the models (includ-
ing various combinations of risk factors with and without
the QUS measurements) was further assessed by means of
coefficients of determination (R®) [24]. All analyses were
performed with the SAS system (version 9.3; SAS Institute
Inc., Cary, NC, USA) and SUDAAN which takes into
account the sampling design including the oversampling of
those aged 80 years or over (Research Triangle Institute,
Release 10.0.1).

Results

Table 1 presents the baseline characteristics of the study
population. All QUS values were significantly higher in
men compared to women. Smoking habits and alcohol con-
sumption clearly differed between men and women, where-
as there was no significant difference in physical activity nor

in the proportion of those with previous hip fracture or in the
concentration of S-25(OH)D.

During a mean follow-up of 8.4 years (27,757 person-
years), 95 (2.9 %) of the subjects sustained a hip fracture at
the mean age of 79.4 years. Of these, 89 were considered
first hip fractures. As expected, fracture of the femoral neck
was the most common type of hip fracture representing
64 % of all first hip fractures (Table 2).

Subjects who sustained a hip fracture had lower QUI values
than those who remained free from this fracture (84.3+23.1 vs.
99.6+21.2 in men, p=0.0002 and 73.3+17.7 vs. 89.94+20.8 in
women p<0.0001). Likewise, S-25(OH)D concentrations
were lower among those who fractured their hip compared to
those who escaped the fracture (37.1+14.0 vs. 47.0+
18.2 nmol/L in men, p=0.01 and 39.4+13.7 vs. 47.0+
17.1 nmol/L in women, p=0.0005). Previous hip fracture
appeared to be more common among men and women who
fractured their hip during the follow-up compared to those who
did not. However, this difference did not reach statistical
significance (p value=0.178 for men and 0.102 for women).

Table 3 presents the HR of hip fracture in subjects who had
not previously fractured their hip (2=3,274). In the gender-
adjusted and age-adjusted model (Table 3), an increment of 1
standard deviation (SD) in QUI (21.7) indicated a reduction of
35 % in the hip fracture risk. When adjustments were made for
all other significant risk factors (fully adjusted model,
Table 3), an increment of 1 SD in QUI was associated with a
40 % lower risk of hip fracture. Conversely, a reduction of 1
SD in QUI increased the risk of hip fracture by 67 % (fully
adjusted HR=1.67, 95 % CI=1.16-2.34). The results were
similar for models with BUA and SOS in place of QUI (data
not shown).

An increment of 1 SD in S-25(OH)D (17.5 nmol/L) was
associated with a 31 % lower risk of hip fracture in the
model adjusted for gender and age as well as in the fully
adjusted model including all other significant factors
(Table 3). A reduction of 1 SD in S-25(OH)D, on the other
hand, increased the hip fracture risk by 46 % (fully adjusted
HR=1.46, 95 % CI=1.15-1.83). Other significant and in-
dependent predictors of hip fracture in the model were
female gender, high age, tallness and low weight.

The coefficients of determination (R?) indicated that age
alone explained 66 % of the variation in the observed hip
fracture risk (Table 4). This figure increased to 72 % when
gender, height and weight were added to the model. The
coefficient was further improved by an increment of 4
percentage units (a 6 % relative increase) after the addition
of QUI and, correspondingly, by increments of 3 percentage
units (a 4 % relative increase) after the addition of S-
25(OH)D and of 6 percentage units (a 8 % relative increase)
after the addition of both of these. Among subjects aged
75 years or over, age alone explained 6 % of the variation in
the hip fracture risk, whereas age with gender, height and
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Table 1 Baseline characteristics

[means=SD (range) or propor- Characteristic

Men (n=1,433)

Women (n=1,872)

All (n=3,305)

tions (in percent)] of the study
population Age, years

Height, cm

Weight, kg

BMI, kg/m®

S-25(0OH)D, nmol/L

QuUS

BUA, dB/MHz

SOS, m/s

QUI

Previous hip fracture® (%)
Alcohol consumption (%)

None
Moderate
Heavy
Smoking (%)
***p<0.0001, *p<0.05; com- Never
pared with women, using Stu- Former
deqt s ¢ test for gontlnuous Current
variables and chi-square test for ] .
categorical variables Physical activity (%)
“Hip fractures during the preceding ~ Active
10 years according to information Moderate
from the National Hospital Dis- Sedentary

61.8+£9.5%** 63.8£10.0 62.9+9.8 (50.0-98.0)
173.8+£7.0%*** 160.1+6.3 166.3£9.5 (135.5-195.0)
83.4+£14.3%%* 71.5+£13.0 76.9+14.8 (29.1-159.0)
27.6+4.1%* 27.9+4.9 27.8+4.6 (12.3-53.8)
46.8+18.2 46.8+17.0 46.8+17.5 (5.0-134.0)
82.4+18.9%%* 71.2+18.5 76.2+19.5 (10.2-167.6)
1,553+£35.0%** 1,540+34.5 1,546+35.3 (1,436-1,941)
99.3+2].3%*** 89.5+£20.9 93.9+£21.7 (23.1-243.5)
0.6 0.9 0.8

26.9%%* 49.6 394

62.6%** 46.2 53.6

10.5%%* 4.1 7.0

33.4%%x 73.4 553

41.6%** 13.4 26.1

25.0%** 13.2 18.5

324 30.9 31.6

43.1 46.7 45.1

24.5 22.4 234

charge Register

weight explained 10 % of the variation. The coefficient of
determination was improved by 7 percentage units (a 70 %
relative increase) after the addition of QUI or S-25(OH)D
and by 13 percentage units (a 130 % relative increase) after
the addition of both of these variables (Table 4).

Along with increasing age, the risk of hip fracture increased,
while QUI and S-25(OH)D decreased (gender-adjusted
Pearson’s partial »=—0.30, p<0.0001 for QUI and r=-0.12,
p<0.0001 for S-25(OH)D). Adjusted for gender, height and
weight, the cumulative hazards of hip fracture were fairly
similar in the quintiles of QUI and S-25(OH)D until the age
of 75 years, after which the hazards showed substantial diver-
gence between the quintiles (Fig. 1a, b). The quintiles of QUI
and S-25(0OH)D were further examined to explore whether

Table 2 Number of low-energy hip fractures during the follow-up
(mean, 8.4 years)

Hip fracture Men Women All
All hip fractures 28 67 95
All first® hip fractures 26 63 89
Fracture of neck of femur 20 37 57
Pertrochanteric fracture 6 22 28
Subtrochanteric fracture 0 4 4

#No hip fracture during the 10 years preceding the baseline
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these variables should pass some threshold values to show
significant contributions to the hip fracture risk along with
increasing age. Adjusted for gender, age, height and weight,
QUI values <74.3 (the upper limit of the lowest quintile)
were found to be associated with a significantly higher risk
of hip fracture (HR=2.14, 95 % CI=1.21-3.78) compared
to values >74.3. Correspondingly, values of S-25(OH)
D <60.0 nmol/L (the lower limit of the highest quintile)
indicated a significantly higher risk of hip fracture (HR=2.53,
95 % CI=1.17-5.46) compared to values >60.0 nmol/L.

Discussion

In this nationally representative population sample of men
and women, the results of QUS measurement and the con-
centrations of S-25(OH)D were significant and independent
predictors of hip fracture. One SD reduction in QUI (21.7)
and S-25(OH)D (17.5 nmol/L) increased the hip fracture
risk by 67 and 46 %, respectively. However, their ability
to improve the predictive power of the Cox model including
age, gender, height and weight was rather modest: a relative
increase of about 6 % by QUI, 4 % by S-25(OH)D and 8 %
by both of these together. The hip fracture hazards associ-
ated with QUI and S-25(OH)D showed increasing diver-
gence with advancing age (Fig. 1a, b). Interestingly, among
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Table 3 HR and its 95 % CI in
subjects with no previous hip
fracture (n=3,274)

Unadjusted model

HR (95 % CI)

Gender-adjusted and
age-adjusted model

HR (95 % CI)

Fully adjusted model®

HR (95 % CI)

Gender (women)

1.58 (1.01-2.47)

1.47 (1.16-1.87)
0.82 (0.63-1.08)
0.68 (0.54-0.86)
0.69 (0.55-0.85)
0.65 (0.46-0.88)

1
0.75 (0.45-1.27)
0.23 (0.03-1.72)

1
0.97 (0.57-1.66)
1.66 (0.76-3.64)

2.39 (1.15-4.96)
3.50 (2.74-4.49)
1.82 (1.43-2.32)
0.73 (0.54-0.99)

0.69 (0.55-0.87)
0.60 (0.42-0.86)

Age, years 3.80 (3.06-4.69)
Height, cm 0.82 (0.69-0.96)
Weight, kg 0.61 (0.47-0.78)
BMI, kg/m? 0.69 (0.55-0.87)
S-25(0OH)D, nmol/L 0.54 (0.41-0.70)
QUI 0.39 (0.29-0.52)
Alcohol consumption (%)
None 1
Moderate 0.35 (0.22-0.58)
Heavy 0.05 (0.007-0.37)
Smoking (%)
Never 1
Former 0.71 (0.42-1.21)
Current 0.48 (0.22-1.06)
For continuous variables, HR Physical activity (%)
has been computed for an incre- Active 1
ment of 1 SD Moderate 0.88 (0.48-1.61)
#Adjusted for the variables Sedentary 1.94 (1.10-3.41)

presented in this column

1
1.21 (0.67-2.21)
1.66 (0.97-2.84)

subjects aged 75 years or over, both QUI and S-25(OH)D
improved the predictive power of the Cox model by about
70 % and the two together by as much as 130 % (Table 4).

The (gel-coupled) Hologic Sahara (Hologic, Bedford,
MA, USA) device was chosen to be used in our survey
not only for the qualities of measurement but also for the
comfort and ease of use. So far, few prospective studies
have used the Hologic Sahara device to assess the QUS
variables in conjunction with clinical risk factors for the
prediction of hip fractures [13—15]. To our knowledge, this
is the first study to assess the independent roles of the QUS
measurements and S-25(OH)D in hip fracture prediction by
means of models including age, gender, height and weight.

Our results on the QUS variables measured with the
Hologic Sahara device agree with those from earlier pro-
spective studies using various QUS devices [9-15, 18].
According to a recent meta-analysis, QUS devices from
various manufacturers appear to predict hip fracture risk
with similar performance [18]. The HR of 1.67 for QUI in
our study agrees with the risk gradient of 1.99 (95 %
CI=1.49-2.67) reported in the previously mentioned meta-
analysis. In accordance with several earlier studies [25-29],
we also found a significant and independent association be-
tween serum 25(OH)D and hip fracture risk.

The R? values of our models were closely comparable
with those reported from recent prospective studies on

Table 4 Coefficients of determination (R*) derived from various risk factor models without or with QUI and S-25(OH)D

Variables All Subjects aged <75 years Subjects aged >75 years
R R R
Age 0.66 0.36 0.06
Age+gender 0.67 0.37 0.06
Age, gender+height 0.70 0.58 0.08
Age, gender, height+weight 0.72 0.64 0.10
Age, gender, height, weight+QUI 0.76 0.73 0.17
Age, gender, height, weight+S-25(OH)D 0.75 0.69 0.17
Age, gender, height, weight, S-25(OH)D+QUI 0.78 0.75 0.23

Numbers of subjects with hip fractures among those aged <75 years and those 75 years and over were 25 and 58, respectively. R*> was calculated as

proposed by Royston [24]
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Fig. 1 a Adjusted cumulative hazard of hip fracture by quintiles of QUI
according to age (adjusted for gender, height and weight) (Q7-Q5 refer to
mean values [limits] of quintiles; Q1=63.4 [23.1-74.3], Q2=81.5 [74.3—
87.5], Q3=92.8 [87.5-98.2], Q4=103.8 [98.2-110.3], Q5=124.1
[110.4-243.5]). b Adjusted cumulative hazard of hip fracture by quintiles
of S-25(OH)D (in nanomoles per liter) according to age (adjusted for
gender, height and weight) (Q/-Q5 refer to mean values [limits] of
quintiles; Q1=24.7 nmol/L [5.0-32.0 nmol/L], Q2=36.5 nmol/L [33.0—
40.0 nmol/L], Q3=44.9 nmol/L [41.0-49.0 nmol/L], Q4=54.3 nmol/L
[50.0-59.0 nmol/L], Q5=72.1 nmol/L [60.0—134.0 nmol/L])

models for hip fracture prediction [30-32] in which the
same calculation method [24] has been used.

There are no universally agreed threshold values of the
QUS measurements for the identification of subjects at high
risk of hip fracture. In our study, the HR for the quintiles of
QUI (adjusted for gender, age, height and weight) indicated a
higher hip fracture risk in subjects with QUI values below
74.3. In a previous study based on a large dataset from three
case—control studies [33], the threshold of QUI for the Sahara
device was calculated at 63.2 to classify subjects as being at
high risk of hip fracture. The difference between these thresh-
old values can be at least partly explained by differences in the
designs and study populations of the two studies. Only women
aged 65 years or over were involved in the cross-sectional
study by Hans et al. [33], whereas our prospective study
comprised both men and women aged 50 years or over.

For bone health, the optimum level of S-25(OH)D is con-
sidered to lie between 50 and 80 nmol/L [34]. In the present
study, we found that, in subjects with S-25(OH)D values
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below 60 nmol/L, the risk of hip fracture was more than twice
that observed in subjects with values 60 nmol/L or above
(HR=2.53, 95 % CI=1.17-5.46). Higher cutoft points could
not be evaluated in our study since the highest S-25(OH)D
value was 74 nmol/L among those who developed a hip frac-
ture. Anyhow, comparisons between different studies should be
made with reservation because the S-25(OH)D values mea-
sured in different laboratories with different assays cannot be
assumed to be directly comparable [35].

Age was the most powerful predictor of hip fracture risk.
Nevertheless, later in life, selective mortality and cumulative
differences in morbidity, functional capacity and frailty ob-
viously gain significance with regard to old age as such.
QUI and S-25(OH)D improved the predictive power of the
Cox model more markedly among the old than among the
younger subjects. Our study thus suggests that measure-
ments of QUI and S-25(OH)D may be of clinical use in
the assessment of hip fracture risk especially among subjects
aged 75 years or over.

In agreement with earlier studies, we found tallness to be
an independent risk factor for hip fracture (Table 3) [6,
36-38]. This might be related to biomechanical factors, such
as hip axis length [39].

Alcohol consumption and smoking showed no signif-
icant association with hip fracture risk. This was proba-
bly attributable to the small proportions of heavy alcohol
users and current smokers among study subjects; neither
did physical activity show a significant association with
the fracture risk. This result parallels those from two
recent prospective studies which, similarly to our study,
assessed physical activity along with QUS and other
factors for fracture risk [11, 15]. Nevertheless, a seden-
tary lifestyle was not so far from statistical significance
in our gender-adjusted and age-adjusted model (Table 3).
Anyhow, as Moayyeri recently pointed out [40], an as-
sociation between physical activity and fracture does not
necessarily result from a causal link between lack of
exercise and fracture. Such an association may also result
from confounding by poor health as well as by geneti-
cally inherited stronger bones and better qualifications for
a physically active lifestyle.

The small number of hip fracture cases is a major
limitation of our study. We could not perform the final
risk analyses separately for men and women. However, in
the combined analysis, the addition of gender did not
significantly improve the predictive performance of the
model. Moreover, it should be noted that results of QUS
measurement evidently predict hip fracture risk with sim-
ilar performance in elderly men and women [18]. A
further limitation of our study is that the risk analyses
were based solely on the baseline findings, as no infor-
mation was available on the later developments of the
potential risk factors in the study population.
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Owing to low proportions in the study population, sub-
jects with previous hip fracture (0.8 %) could not be includ-
ed in the risk assessments. According to earlier studies, a
history of previous fragility fracture clearly predicts future
hip fracture risk [11, 41]. In our study population, previous
hip fracture appeared to be more common among subjects
who sustained a hip fracture compared to those who did not,
although this difference was not statistically significant (data
not shown). The prevalence of other potential risk factors,
such as rheumatoid arthritis and use of systemic glucocorti-
coids, was also low, and these variables were, therefore, not
included in our risk assessment models.

The strengths of our study were its national representa-
tiveness and high participation rate. In addition, the infor-
mation on hip fractures was obtained from the National
Hospital Discharge Register, a reliable and accurate source
which covers all fractures requiring hospital treatment in our
country [42, 43].

In conclusion, the results of QUS measured by means of the
Hologic Sahara device and the measurements of S-25(OH)D
concentrations significantly and independently predicted hip
fractures in this nationally representative population sample of
subjects aged 50 years and over. When the previously men-
tioned variables were added to a model including age, gender,
height and weight, the predictive power of the model was
improved but only rather modestly. In practice, such a model
including results from QUS and S-25(OH)D measurements
probably would not be much more useful than a simple
risk assessment based on readily available variables such as
age, gender, height and weight. Nevertheless, our findings
suggest that QUI and S-25(OH)D might be useful in the
assessment of hip fracture risk particularly in the elderly.
Further prospective studies in elderly study populations
with larger numbers of incident cases of hip fracture are
needed to assess calcaneal QUS and S-25(OH)D for the
prediction of hip fractures preferably along with a wider
range of simple, well-defined risk factors related to mor-
bidity, functional capacity and frailty.
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