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Abstract
Summary To evaluate the case-finding strategy for osteoporo-
sis in Norway, a questionnaire concerning risk factors for os-
teoporosis and history of osteodensitometry was mailed to a
population-based cohort of 6000 men and 6000 women.
Suboptimal examination rates among high risk and realloca-
tion of scanning capacity to seemingly low-risk individuals
was found.
Purpose In Norway, a case-finding strategy for osteoporosis
has been used. No data exist regarding the efficacy of this
approach. The aim was to examine the prevalence of risk
factors for osteoporosis and factors related to the use of dual
X-ray absorptiometry (DXA) in Norway.
Methods Questionnaires regarding previous history of DXA,
risk factors for osteoporosis and fracture were sent to an age-
stratified, nationwide cross-sectional sample of 6000 men and

6000 women aged 40–90 years, drawn from the Norwegian
Civil Registration System.
Results Valid responses (6029) were included. Twenty-two
point three percent of women and 3.8 % of men had been
examined by DXA. Suboptimal examination rates among high
risk (e.g., current/previous glucocorticoid treatment or previous
low-energy fracture) and reallocation of scanning capacity to
seemingly low-risk individuals was found. Of all DXA, 19.5 %
were reported by women without any risk factor for osteopo-
rosis, similarly by 16.2 % of men. Distance to DXA facilities
and current smoking were inversely related to probability of
reporting a DXA.
Conclusions Suboptimal examination rates among high risk
and reallocation of scanning capacity to seemingly low-risk
individuals were found. Distance to DXA, current smoking,
and male sex constituted possible barriers to the case-finding
strategy employed. Cheap and more available diagnostic tools
for osteoporosis are needed, and risk stratification tools should
be employed more extensively.

Keywords DXA . FRAX . Osteoporosis .

Osteodensitometry . Epidemiology

Introduction

Osteoporosis is an important public health issue due to the
combination of high prevalence, fracture-associatedmorbidity
andmortality as well as its financial burden on society [1]. The
disease is without symptoms until a fracture as a complication
occurs. Therefore, preventive diagnostic measurements of
bone mineral density (BMD) are reimbursed in many coun-
tries, with dual-energy X-ray absorptiometry (DXA) as the
reference diagnostic standard [2]. Its usage is recommended
either for universal screening of women and men over the age
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of 65 and 70, respectively [3], uniformly recommended for
diagnosis in clinical high-risk groups [4] or after risk stratifi-
cation by algorithms based on risk factors such as Fracture
Risk Assessment Tool (FRAX) [5, 6]. But even in high-
income countries with full reimbursement for DXA exami-
nations, social disparities remain in the uptake of DXA,
with an inverse association between income and level of
education on one hand and the utilization of DXA on the
other [7]. As lower socioeconomic status is associated with
an increased risk of hip fracture in most [8–10], though not
all studies [11], the outcome is less than ideal examination
rates for osteoporosis among high-risk individuals with
lower socioeconomic status.

Previously, Danish studies have reported less than optimal
uptake of BMD measurements in populations with increasing
number of clinical risk factors [12, 13].

The Norwegian background population comprised 4.85
million citizens as of 2010 [14]. Norway is the second-least
population dense country in Europe. Due to its length (longest
land distance of 1789 km) and mostly rugged countryside,
rather long distances to the nearest health institution are a fact
of life for Norwegians living outside city limits. The unique
Norwegian geography means that research findings in other
Scandinavian countries are not always readily transferable.

In Norway, the public health system provides tax-funded
universal health care to the population with a smaller co-
payment for medical consultations for individuals older than
16 years of age. For the year 2010, the set amounts were NOK
136 (EUR 17) for a visit at a general practitioner and NOK
307 (EUR 37) for an outpatient consultation at a hospital, up
to a maximum of NOK 2040 per year (USD 342/EUR 253),
after which further treatment was free of charge (www.
helsenorge.no/betaling-for-helsehjelp/betaling-hos-
lege#Egenandeler). In 2010, examinations with DXA were
available at a total of 26 different centers. Most DXA
machines are located on and owned by public hospitals;
however, some are also operated by private radiology
centers or private health insti tutions with public
reimbursement agreements. Generally, diagnosis and
treatment of secondary osteoporosis are handled by
endocrinologists or rheumatologists while primary physicians
are caretakers of primary osteoporosis.

In Norway, a case-finding strategy for osteoporosis has
been employed, focusing on patients at risk of secondary os-
teoporosis, with previous low-energy fractures or two or more
risk factors for osteoporosis (smoking, known alcohol abuse,
menopause before age 45, parental low-energy fractures,
supraphysiologic glucocortioid treatment, BMI<19 kg/m2 or
medical conditions associated with increased risk of osteopo-
rosis) [15]. As of today, the concept of Fracture Liaison
Service has only been implemented in the Hospital of
Southern Norway in Kristiansand. Thus, only DXA on indi-
viduals with manifest osteoporosis or 2+ risk factors were

partly reimbursed by the Norwegian health authorities (indi-
vidual co-payment as for outpatient consultation as previously
described), but individuals not fulfilling these criteria could
also be examined if agreeing to pay market price, typically
around NOK 600 (EUR 72) for a DXA.

No data, however, exist regarding the effectiveness of this
approach.

The aim of the present study was to determine the use of
DXA scans in Norway in relation to clinical risk factors and
to elucidate whether age, sex, or distance to DXA clinics
constitute potential barriers for the case-finding strategy in
Norway.

Methods

Design

The study was a nationwide, population-based cross-sectional
study of 6000men and 6000 women aged 40–90 years, drawn
from the Norwegian Civil Registration System. Due to the
expectation that participants in the lowest and in the two
highest age decades (40–49, 70–79, and 80–89 years of age)
would have lower than average participation rates, the sample
was stratified by age decades so that appropriately large pop-
ulations for each decade were available for statistical analysis.
For the age groups 40–49/50–59/60–69/70–79/80–89 years of
age, randomly selected samples of 1250/1000/1000/1250/
1500 participants were drawn from the Civil Registration
System. These numbers were chosen as power calculations
showed the need for 579 responses in each age group in order
to achieve 80 % power (alfa 0.05) to detect a difference in
prevalence between groups of risk factors with a prevalence of
0.5 vs. 2.5 % (e.g., use of glucocorticoids).

In January 2010, participants were mailed a personal letter
with an invitation to participate in the study and a prepaid
return envelope. A questionnaire concerning risk factors for
fractures was attached. Returned and signed questionnaires
were considered informed consent for inclusion in data anal-
ysis. A single reminder including a questionnaire was mailed
to non-responders after 8 weeks.

Sources of data

Questionnaire

The questionnaire was based on known risk factors for osteo-
porosis and included all risk factors incorporated in but not
limited to the WHO FRAX (www.shef.ac.uk/FRAX/),
containing the following items: body weight, height,
ethnicity, history of osteoporosis, DXA scans and anti-
osteoporotic treatment, personal and first degree relatives’ his-
tory of fractures, history of falls and immobilization, smoking
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habits and alcohol consumption, use of oral glucocorticoids
(GCs), and conditions associated with secondary osteoporosis
(rheumatoid arthritis, osteogenesis imperfecta, diabetes, hyper-
thyroidism, chronic malnutrition or malabsorption, chronic liv-
er diseases, hyperparathyroidism, hypogonadism and history of
hormone replacement therapy). The questionnaire for women
was identical to the questionnaire used in Denmark by Rubin
et al. [12], translated to Norwegian by the first author (MPH)
and tested in a pilot version on 25 unselected men and 25
unselected women within the appropriate age group with out-
patient appointments at the Hospital of Southern Norway for
various reasons. All 50 participants were interviewed after
completing the questionnaire, and some questions were
rephrased in the final questionnaire to ensure optimal under-
standing of the questions. Most questions (apart from height
and weight) were categorical of nature and divided into Byes,^
Bno,^ or Bdon’t know.^

The reliability of the questionnaire was examined by com-
parison of answers from 117 participants completing the ques-
tionnaire twice within an 8-week interval. Testing agreement
with Cohen’s kappa for categorical variables, values between
0.833 and 1.000 were achieved, with a mean of 0.938, indi-
cating overall excellent agreement [16].

Returned questionnaires were digitalized by optical char-
acter recognition using a Kodac i640 scanner and AnyDoc 5.0
software. The accuracy of this setup was previously found to
be optimal by Rubin et al. [12].

Scanned questionnaires containing equivocal digitalized
values were reexamined manually by MPH in order to opti-
mize validity of data.

FRAX calculation

The 10-year probability of a major osteoporotic fracture was
calculated using the desktop version of FRAX (FRAX version
3.8) for Norway, based on self-reported risk factors from the
questionnaires.

Casewise deletion was applied for missing values when
weight or height values were missing, as FRAX calculations
were impossible. For other dichotome values incorporated in
FRAX, missing values and the answer category Bdon’t know^
were regarded as non-existence of the respective risk factor for
the individual participant in question. Finally, casewise dele-
tion was applied for weight outside the allowable range for
FRAX (25–125 kg), as FRAX calculation was impossible for
this group.

Distance to osteodensitomety (DXA) facilities

The distance from the participant’s postal address to nearest
DXA facility was determined for each participant by a pro-
grammed call to a Norwegian route planner web site (www.
langtved.dk).

Statistics

Due to stratification and the use of survey data, survey mode
(STATA prefix: svy) and weights corrected for the relative
proportion of age- and sex-specific strata as compared to the
background population of Norway were applied. Data are
shown as mean±SD or median (range) as appropriate.
Differences between groups were analyzed using chi-
squared test for binary and categorical data and t test for con-
tinuous data. Univariate and multivariate logistic regression
analyses were performed with reported history of DXA scan
as the dependent variable, taking account of interaction terms.
Independent variables were dichotomized in accordance with
FRAX’ definition of risk factors (www.shef.ac.uk/FRAX/).
Distance to DXA clinic was arbitrarily categorized to
<10 km, 10–100 km, and >100 km. Age groups of <65,
≥65, and ≥80 years of age as well as FRAX 10-year fracture
risk groups (<15, 15–19.9, 20–24.9, and 25+ %) were arbi-
trarily defined. Finally, participants were grouped according to
the multitude of reported risk factors (0, 1, 2, 3+) as defined by
the national Norwegian health authorities [15]. Hosmer and
Lemeshow goodness-of-fit test was used to assess the adequa-
cy of the model used in the multivariate logistic regression
analysis.

Ethics

The study was approved by the Regional Ethics Committee of
South-Eastern Norway (REK Sør-Øst B reference number:
2009/1809b).

Results

As illustrated in Fig. 1, a total of 6332 (52.8 %) responses
were registered. Among these were 97 written refusals to par-
ticipate and 41 letters from spouses or children explaining
why participation was impossible (dementia as the numerical-
ly most important reason), 117 responses were double re-
sponses and another 48 were incomplete and also excluded.
A total of 3038 (50.6 %) questionnaires from women and
2991 (49.9 %) from men were included in the study.

Prevalence of risk factors

Prevalence of risk factors for osteoporosis and likelihood of
having been examined by DXA are shown in Table 1.

Current smokingwas the most prevalent risk factor reported
by 18.3 % of women and 16.2 % of men. More women than
men reported conditions associated with secondary osteoporo-
sis and included in the FRAX tool, with prevalence rates of
23.0 and 7.1%, respectively. This difference in prevalence was
primarily due to a higher prevalence of reported premature
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menopause vs. hypogonadism as well as reported hyperthy-
roidism, known rheumatoid arthritis, and GC among women.
Only reported ethanole intake >36 g/day and previous immo-
bilization >1 month were more prevalent among men than
women with 2.1 vs. 0.7 % of men/women reporting increased
ethanol intake and 10.6 vs. 7.9 % reporting previous immobi-
lization. Rates of BMI<19 kg/m2, diabetes type 1, inflamma-
tory bowel disease, celiac disease, chronic liver disease, an-
orexia nervosa, hypercalcemia, and osteoporosis imperfecta
were all less than 4 % and therefore not shown in Table 1.

Risk factors for osteoporosis and history of DXA scan

Table 2 illustrates the distribution of history of DXA accord-
ing to total number of risk factors for osteoporosis in women
and men. Reported DXA scan rates by known risk factor
varied widely both for women and men. Overall, the exami-
nation rate for men was lower than for women (3.7 vs. 22.3%,
p<0.001).

As seen in Table 2, more women and men above the age of
65 years reported having had an examination, irrespective of
the number of reported risk factors. A significantly larger pro-
portion of intermediate-to-high-risk individuals (two or more
risk factors) than low risk (no risk factors) reported an earlier
DXA scan. However, 13.2 % of women and 1.5 % of men
without known risk factors also reported an earlier DXA scan.
Thus, in our population, 19.5 % of reported DXA among
women and 16.2 % among men had been performed on

subjects without any known risk factor for osteoporosis.
Taking account of the age stratification in our population and
assuming that our population is a true cross-sectional sample of
the Norwegian population, estimated percentages of DXA per-
formed in subjects without any risk factor for osteoporosis was
18.9 % for women and 15.5 % for men, respectively.

Ten-year risk of major osteoporotic fracture (FRAX)
and history of DXA

Table 3 describes DXA rates in regards to an integrated esti-
mated risk of future osteoporotic fractures, using the FRAX
algorithm. For these figures, 3030 women and 2971men were
available, due to casewise deletions of 8 women and 20 men
reporting body weight above the allowable weight range (25–
125 kg) for FRAX.

A total of 12.4 % of women with an estimated 10-year
fracture risk of <15 % had a history of DXA. Significant
increases in reported scanning rates (p<0.05) with increasing
10-year fracture risk were found for women for all groups
except when comparing the intermediate risk groups of 15–
19.9 vs. 20–24.9 %. The trend for increasing reported exami-
nation rates with increasing 10-year probability of fracture
was consistent for women both above and below the age of
65. However, a significantly higher proportion of women
<65 years of age with high fracture risk (FRAX 10-year risk
>25 %) than women above 65 years of age with the same
FRAX risk reported a DXA. The increase in DXA rate for

Complete questionnaire for FRAX 

n =  6.029 

Women/men n = 3.038/2.991 

N = 12,000 

Age-stratification: 

40-50 yrs: 1250 / 50-60: 1250 / 60-70: 

1000 / 70-80: 1000 / 80-90: 1500 

Respondents = 6.194 

Primarily n = 4.452 

After reminder n = 1.742

Written refusal to participate: 97

Inability to answer or dementia: 41

Double responses: 117

Incomplete data: 48

Death during conduction of survey: 56

Incorrect registered address: 137

No response:  5,475

Respondents n = 6.332 

Fig. 1 Study design for
nationwide, population-based
cross-sectional study of 6000
men and 6000 women
aged 40–90 years

16 Page 4 of 10 Arch Osteoporos (2015) 10: 16



Table 1 Prevalence of self-reported risk factors for osteoporosis and DXA examination among 3038 women and 2991 men

Risk factors Total, N (%) <65 years, N (%) ≥65 years, N (%) History of DXA, N (%)

Women (all) 3038 (100) 1634 (100) 1404 (100) 676 (22.3)

Current smoking 556 (18.3) 401 (24.5) 155 (11.0)b 94 (16.9)d

Age>80 years 532 (17.5) NA 532 (37.9) 174 (32.7)d

Premature menopause 469 (15.4) 214 (13.1) 255 (18.2)b 120 (25.6)

History of low-energy fracture 452 (14.9) 121 (7.4) 331 (23.6)b 194 (42.9)d

History of falls 388 (12.8) 198 (12.1) 190 (13.5) 105 (27.1)

Parent fractured hip 320 (10.5) 159 (9.7) 161 (11.5)b 103 (32.2)d

History of immobilization 240 (7.9) 86 (5.3) 154 (11.0)b 84 (35.0)d

Rheumatoid arthritis 199 (6.6) 86 (5.3) 113 (8.0)a 73 (36.7)d

Hyperthyroidism 163 (5.4) 81 (5.0) 82 (5.8) 42 (25.8)

Treatment with glucocorticoids 100 (3.3) 34 (2.1) 66 (4.7)b 61 (61.0)d

Conditions associated with secondary osteoporosis 700 (23.0) 339 (20.7) 361 (25.7)b 184 (26.3)c

Men (all) 2991 (100) 1353 (100) 1638 (100) 113 (3.8)

Current smoking 486 (16.2) 293 (21.7) 193 (11.8)b 16 (3.3)

Age>80 years 667 (22.3) NA 667 (40.7) 33 (4.9)

Hypogonadism 55 (1.8) 19 (1.4) 36 (2.2) 8 (14.5)d

History of low-energy fracture 156 (5.2) 51 (3.8) 106 (6.5)b 14 (9.0)d

History of falls 370 (12.4) 181 (13.4) 189 (11.5) 22 (5.9)

Parent fractured hip 267 (8.9) 145 (10.7) 122 (7.4)a 9 (3.4)

History of immobilization 317 (10.6) 104 (7.7) 213 (13.0)b 27 (8.5)d

Rheumatoid arthritis 111 (3.7) 36 (2.7) 75 (4.6)a 15 (13.5)d

Hyperthyroidism 30 (1.0) 10 (0.7) 20 (1.2) 3 (10.0)

Treatment with glucocorticoids 73 (2.4) 16 (1.2) 57 (3.5)b 22 (30.1)d

Conditions associated with secondary osteoporosis 213 (7.1) 99 (7.3) 114 (7.0) 23 (10.8)d

a p<0.01, comparison of prevalence between <65 and ≥65 years of age
b p<0.001, comparison of prevalence between <65 and ≥65 years of age
c p<0.01, comparison of DXA rate, risk factor present (yes/no)
d p<0.001, comparison of DXA rate, risk factor present (yes/no)

Table 2 Distribution of history of DXA according to total number of risk factors for osteoporosis in women and men

Number of risk
factors

Total
N (%)

History of DXA
All N (%)

History of DXA
<65 years, N (%)

History of DXA
≥65 years, N (%)

DXA
proportion %

p Value (Z test for proportions
between <65 and ≥65 years

Women, all 3038 (100) 676 (100) 215 (100) 461 (100) 22.3 <0.001

0 1002 (33.0) 132 (19.5) 58 (27.0) 74 (16.0) 13.2a,b,c <0.001

1 814 (26.8) 170 (25.1) 49 (22.8) 121 (26.2) 20.9b,c <0.001

2 550 (18.1) 170 (25.1) 53 (24.7) 117 (25.4) 30.9 <0.001

3+ 672 (22.1) 204 (30.2) 55 (25.6) 149 (32.3) 30.4 0.002

Men, all 2991 (100) 111 (100) 33 (100) 78 (100) 3.7 0.008

0 1170 (39.1) 18 (16.2) 6 (18.1) 12 (15.4) 1.5b,c 0.041

1 1081 (36.1) 34 (30.6) 8 (24.2) 26 (33.3) 3.1c 0.037

2 463 (15.5) 26 (23.4) 3 (9.1) 23 (29.5) 5.6d 0.018

3+ 277 (9.3) 33 (29.7) 16 (48.5) 17 (21.8) 11.9 0.053

Chi-squared test, proportion reporting a DXA scan
a p<0.001 vs. 1 risk factors
b p<0.001 vs. 2 risk factors
c p<0.001 vs. 3+ risk factors
d p=0.002 vs. 3+ risk factors
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elderly women seemed to be primarily due to examination of
more low-risk women (FRAX score <15 %) in this age group.

Reported DXA rates were much lower in men than women
for the same FRAX 10-year fracture risk, and no general trend
of increasing examination rates with increasing 10-year risk of
fracture risk could be found. As in women, higher overall
scanning rates for men aged 65 years or more was primarily
due to more examinations of men in the low-risk group
(FRAX 10-year risk <15 %).

Distance to DXA facility and reported DXA rates

The median distance to nearest DXA facility for women and
men was 21.9/23.5 km (interquartile range 7.6–55.5/8.1–
57.6 km) with maximum distances of 862/864 km, respective-
ly. Table 4 shows reported DXA examination rates by distance
between home address and nearest DXA facility. There was a
clear increase in examination rates for women living closer to
a DXA facility (<100 km) compared to women living further
away for all age groups. The tendency of increasing examina-
tion rates with age was independent of distance to DXA
facility.

Among women with highest risk of fracture (10-year risk
of major osteoporotic fracture as calculated by FRAX>25%),
48.4 % of the women living closer to a DXA facility than
10 km had had a DXA examination while only 24.7 % of
the women living >100 km away reported an examination
(p=0.02). Similarly, men living closer to the nearest DXA
facility than 100 km reporting increased examination rates
with age.

Importance of risk factors for osteoporosis for probability
of reporting a DXA

Table 5 summarizes calculated odds ratios for reporting a
DXA examination, dependent upon risk factors for osteopo-
rosis. For both women and men, history of treatment with GC
incurred the highest odds ratio for an earlier DXA examina-
tion in both univariate and multivariate analyses. Most other
known risk factors for osteoporosis were also associated with
an increased likelihood of having been examined by DXA.
However, the osteoporotic risk factor current smoking seemed
to be a negative predictor for having been examined with
DXA (p=0.001). For men, the examination rate for this sub-
group was also numerically lower than average, without
reaching significance.

Hosmer Lemeshow goodness of fit (p value of 0.951/0.981
for women/men) showed no evidence against the proposed
models in multivariate analyses.

Discussion

This study showed a positive correlation between most known
risk factors for osteoporosis and the probability of reporting a
DXA examination for both men and women. However, scan-
ning rates for high-risk groups defined by a higher number of
prevalent risk factors seemed attenuated, especially so in men.
The higher scanning rates in elderly men and womenwere due
to additional examinations performed on low-risk individuals.
For similar absolute fracture risk estimated by FRAX, lower

Table 3 Reported DXA examination rates by 10-year major osteoporotic fracture risk (FRAX)

10-year fracture risk Total N (%) History of DXA N (%) History of DXA
<65 years, N (%)

History of DXA
≥65 years, N (%)

p Value (Z test for proportions
between <65 and ≥65 years)

Women, all 3030 (100) 675 (22.3) 215 (13.2) 460 (32.9)

<14.9 % 1743 (57.5) 216 (12.4)a,b,c 160 (10.7)a,b,c 56 (22.5)b,c <0.001

15.0–19.9 % 301 (9.9) 83 (27.6)e 23 (29.5)e 60 (26.9)e 0.661

20.0–24.9 % 245 (8.1) 83 (33.9) 10 (38.5)f 73 (33.3) 0.601

≥25.0 % 741 (24.5) 293 (39.5) 22 (66.7) 271 (38.3) 0.002

Men, all 2971 (100) 111 (3.7) 33 (2.5) 78 (4.8)

<14.9 % 2747 (92.5) 88 (3.2) 31 (2.3)b,c 57 (4.0) 0.011

15.0–19.9 % 141 (4.7) 15 (10.6) 0 15 (11.0) 0.432

20.0–24.9 % 42 (1.4) 3 (7.1) 1 2 (4.9) NA

≥25.0 % 41 (1.4) 5 (12.2) 1 4 (10.0) NA

aComparison between 0–14.9 and 15.0–19.9 % risk groups, significance level p<0.05
b Comparison between 0–14.9 and 20.0–24.9 % risk groups, significance level p<0.05
c Comparison between 0–14.9 and 25.0–100 % risk groups, significance level p<0.05
d Comparison between 15.0–19.9 and 20.0–24.9 % risk groups, significance level p<0.05
e Comparison between 15.0–19.9 and 25.0–100 % risk groups, significance level p<0.05
f Comparison between 20.0–24.9 and 25.0–100 % risk groups, significance level p<0.05
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scanning rates for men compared to women were found. For
women, distance to nearest DXA correlated inversely with the
probability of having had a DXA scan.

Overall, this study showed that age, male sex, and distance
to DXA clinics all constitutes potential barriers for the case-
finding strategy in Norway.

Below, the individual risk factors are discussed in detail.

A statistically significant increased likelihood of reporting
a DXAwas found with increasing age. This could be due to an
increase in the number of prevalent risk factors with age—
even though increased scanning rates per se seemed to be
attenuated with increasing number of risk factors.
Alternatively, this increase in reported DXA examination with
age could be due to either awareness of age as an important

Table 4 History of DXA in relation to distance between home address and nearest DXA facility

Distance to nearest
DXA site

Total N (%) History
of DXA,
N (row %)

History of DXA
among <65 years,
N (row %)

History of DXA
among ≥65 years,
N (row %)

p Value (Z test
for proportions
between <65
and ≥65 years

High-risk
participants
FRAX≥25 %,
N (%)

History of DXA
among high-risk
participants,
N (row %)

Women, all 3038 (100) 676 (22.3) 215 (13.2) 461 (32.8) 741 (100) 293 (39.5)

<10 km 981 (32.3) 259 (26.4) 81 (15.1) 178 (40.0) <0.001 252 (34.0) 122 (48.4)a,b,c

10–49.9 km 1226 (40.4) 260 (21.2) 84 (12.7) 176 (31.3) <0.001 292 (39.4) 109 (37.3)c

50–99.9 km 503 (16.6) 108 (21.5) 35 (12.8) 73 (31.7) <0.001 116 (15.7) 42 (36.2)

100–1000 km 328 (10.8) 49 (14.9) 15 (9.3) 31 (18.6) 0.005 81 (10.9) 20 (24.7)

Men all 2991 (100) 111 (3.7) 33 (2.4) 78 (4.8) 41 (100) 5 (12.2)

<10 km 895 (29.9) 44 (4.9) 12 (3.0) 32 (6.4) 0.019 11 (13.5) 1 (9.1)

10–49.9 km 1258 (42.1) 43 (3.4) 13 (2.3) 30 (4.4) 0.043 15 (18.5) 2 (13.3)

50–99.9 km 489 (16.3) 14 (2.9) 3 (1.4) 11 (4.0) 0.080 9 (11.1) 2 (22.2)

100–1000 km 349 (11.7) 10 (2.9) 5 (3.0) 5 (2.8) 0.905 6 (7.4) 0

a p<0.001 vs. 10–50 km
b p<0.05 vs. 50–100 km
c p<0.05 vs. 100–1000 km

Table 5 Logistic regression analysis for reporting a previous DXA by risk factors for osteoporosis: odds ratios and 95 % confidence interval

Risk factors Variable (reference) History of DXA
OR (95 % CI)*
Women

History of DXA
OR (95 % CI)*
Men

History of DXA
OR (95 % CI)#

Women

History of DXA
OR (95 % CI)#

Men

Treatment with glucocorticoids Yes (no) 8.27 (5.22–13.10) 17.04 (9.00–32.26) 7.18 (4.08–12.61) 13.51 (6.45–28.30)

History of low-energy fracture Yes (no) 3.51 (2.77–4.44) 3.12 (1.51–6.46) 2.26 (1.61–3.17) 2.24 (1.04–4.82)

Conditions associated with
secondary osteoporosis

Yes (no) 1.56 (1.26–1.94) 4.79 (2–77–8.31) 1.43 (0.98–2.09) 3.28 (1.50–7.17)

Parental hip fracture Yes (no) 1.78 (1.35–2.35) 0.84 (0.37–8.31) 1.55 (1.09–2.20) –

Menopause before age 45 years Yes (no) 1.51 (1.17–1.94) – 0.92 (0.59–1.43) –

Male hypogonadism Yes (no) – 7.58 (3.23–17.8) – 1.18 (0.56–6.18)

History of falls Yes (no) 1.39 (1.06–1.81) 2.32 (1.33–4.05) 1.22 (0.91–1.66) 2.13 (1.13–4.00)

Age Change in probability/age
in years

1.06 (1.05–1.07) 1.03 (1.01–1.07) 1.05 (1.03–1.16) 1.04 (1.02–1.05)

BMI Change in probability/unit
change in BMI

0.97 (0.95–0.99) 0.92 (0.86–0.98) 0.97 (0.94–0.99) 0.94 (0.88–1.01)

FRAX 10-year major
osteoporotic fracture risk

Change in probability/%
change in fracture risk

1.06 (1.06–1.07) 1.0 (0.90–1.10) 1.00 (0.98–1.02) –

Current smoker Yes (no) 0.65 (0.50–0.85) 0.96 (0.52–1.79) 0.74 (0.55–0.98) –

Non-Caucasian ethnicity Yes (no) 0.58 (0.04–2.24) 5.31 (2.19–12.91) – 7.07 (2.85–20.30)

Ethanole intake>36 g/day Yes (no) 0.30 (0.04–2.24) 0.84 (0.11–6.16) – –

For multivariate regression analysis, only factors of importance in univariate regression analysis were included. OR in bold are significant

*Univariate logistic regression
#Multivariate logistic regression
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risk factor for osteoporosis among primary physicians or in
the general population or due to a constant and thus additive
likelihood of DXA referral with increasing age. Which of
these explanatory factors are of importance cannot be eluci-
dated from our dataset as the proposed question in our study
was phrased as to whether or not the participant had ever been
DXA scanned. Comparing scanning rates with other pub-
lished studies, our participants with an age above 80 years
reported a previous DXA in 32.7 % of cases as compared to
Rubin et al.’s 22.8 % [12], and the scanning rate overall at
22.8 % seems higher than the 17.2 % reported from Denmark.
Frost et al. reported results from a population-based question-
naire among men aged 60–74 years [13]. Here, a previous
scanning was reported by 2.7 % of the participants. In our
study, the total scanning rate was higher both for all men at
3.7 % as well as for this particular age group at 4.8 %.

Smoking was reported by 18.3 % of participating women
and 16.2% of participatingmen, but even though smoking is a
well-known risk factor for osteoporosis, a negative effect of
smoking on screening rates for osteoporosis was found among
women. This finding is in concord with previous findings
from Rubin et al. [12]. As prevalence rates of daily smoking
also have been shown to be inversely correlated to education
in Europe [17], the lower examination rates among smokers is
a contributing factor to inequalities in health in Norway. The
prevalence of smoking in the study population was in concord
with reported rates from the Tromsø VI study [18], even
though they were lower than findings from the Statistical
Bureau of Norway [19], with reported rates of active smoking
of 21 % among both men and women in 2008. However, they
were higher than reported rates from other cohorts investigat-
ing fracture risk such as the COSHIBA cohort [20], a cohort of
females from Puerto Rico [21], the Heartfordshire cohort [22]
as well as a regional cohort from Spain [23], even though
Norway is known for a restrictive public smoking policy.

In this study, 3.3 % of women and 2.4 % of men reported
previous or current GC treatment. The uptake of DXA in this
population was 61.0 and 30.1 %, respectively. Rates of report-
ed current or previous GC treatment was in concord with
previously reported rates from Denmark (4.5 % among wom-
en, [12]) and also comparable to earlier reported rates of pre-
vious (4.5 % [24]) and current reported CG use of 0.5–1.2 %
[25]. Uptake of DXA among women reporting CG treat-
ment was higher than the 52.3 % reported by Rubin
et al. for women [12] and higher than reported rates for
men in Denmark of 10–15 % [13].

A total of 14.9 % of women and 5.2 % of men reported a
previous low-energy fracture, comparable to rates among
women in Denmark of 11.5 % [12] and supporting newly
published incidence rates of forearm fractures from
Denmark similar to studies from Sweden and Norway [26].
For women above 65 years of age, the reported prevalence
was 23.6 %, comparable to 29.7 % of US citizens using

Medicare estimates for the USA [27] but higher than official
estimates for Denmark and Sweden [28]. In our study, the
uptake of DXAwas 42.9 % among women and 9.0 % among
men with reported low-energy fractures. Significantly lower
uptake rates inmen than in women suggest that osteoporosis is
still viewed as a disease affecting women, even though male–
female incidence ratios internationally are relatively stable
around 1:2 [29] and men are known to have higher age-
adjusted mortality rates than women after a hip fracture [30].

Increasing scanning rates were found for increasing FRAX
risk score. Generally, scanning rates were higher than compa-
rable rates for women by Rubin et al. [12]. However, for
elderly women, increased scanning rates seemed to be due to
increased scanning rates in lower risk participants, a tendency
also found in Danish women [12]. Thus, one can speculate as
to whether or not age as a risk factor in the currently applied
case-finding strategy seems to be overemphasized while other
risk factors are overlooked. An objective, low-cost, risk
factor-based summarized risk score such as FRAX or others
with equal discriminative value [31] would seem to be feasible
as a stratification tool for the current case-finding strategy.

Increasing distance to nearest DXA facility was inversely
related to the probability of reporting a DXA examination—at
least for women. For men, this was not the case, most likely due
to lower scanning rates overall and thus lower power to detect a
true effect, as calculated odds ratios suggested an effect (how-
ever non-significant). Most worrisome was the significantly
lower scanning rates for high-risk women with a FRAX 10-
year risk of fracture >25 % living >100 km from a DXA facil-
ity. The scanning rates for these women were lower than rela-
tively low-risk patients (FRAX score <15 %) living <10 km
from a DXA facility. Thus, this study reinforces the need for
cheaper and more available diagnostic equipment or stratifica-
tion tools with high discriminatory power, especially in a coun-
try such as Norway, where >10%of the population in our study
lived more than 100 km from the nearest DXA center.
Promising equipment for (pre) screening could be phalangeal
densitometry [32] or quantitative ultrasound [33]. Several more
or less simplistic stratification tools for this purpose are now
available as discussed elsewhere [31].

Under-diagnosis of osteoporosis and overuse of DXA
in low-risk patients

Osteoporosis remains an under-diagnosed disease in Norway
as in other parts of the world, partly due to the fact that the
uptake of DXA examinations is far from optimal. As shown in
our study, only 30.4 % of all women and 11.9 % of all men
reporting three or more known risk factors for osteoporosis
reported a previous DXA examination. Using 10-year risk of
major osteoporotic fracture as defined by FRAX and defining
high-risk groups as participants with a 10-year risk of 25+ %,
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the examination rates remained low at 39.5 and 12.2 % for
women and men, respectively.

Adding to the problem, 19.5% of all reported examinations
in this cross-sectional nationwide study was by women with
absolutely no known risk factors for osteoporosis whatsoever.
For men, 16.2 % (18/111) of all reported examinations were
on participants without known risk factors for osteoporosis.
This study is in concord with similar figures reported in
Danish women [12] and in Danish men [13].

Limitations

Our study had limitations. The available data on risk factors
were self-reported and not double-checkedwith health records
in hospitals or from general practitioners and thus prone to
recall bias and information bias. Falsely low and high rates
of risk factors or DXA rates could be the result. However, as
discussed in the results section, the prevalence of the risk
factors smoking, previous/current CG use, and history of
low-energy fracture indicated a true population-based sample
and thus at the same time decreasing the likelihood of recall
and information bias. Secondly, the calculated distances to
nearest DXA facility could be biased for the subgroup of
participants who reported having had a DXA examination,
as participants were not asked to state the location of the ex-
amination nor their address at the time of scanning. Migration
after the reported examination thus could not be excluded and
constituted a possible source of bias.

Selection bias could have been introduced due to the strati-
fication of potential participants in not equally sized age groups.
However, this was done to increase potential power in our
calculations. Due to the Norwegian Civil Registration System,
the total number of inhabitants in Norway for each age group
was known, and thus, it was possible, using the reciprocal of the
probability for an individual to be sampled as a factor, to cancel
the effect of this possible selection bias on a statistical level.

Rates of participation were modest, however comparable
with other studies [34–36]. Due to restrictions by the
Norwegian Civil Registration system, more than one letter of
reminder was not allowed and incentives were not provided.

Participants with missing values for height and weight
were dropped. An imputation model, using values from next
case or mean/mode substitution, was considered but were
judged to be associated with possibly very falsely BMI and
FRAX values, and as the number of missing cases was low,
casewise deletion was performed instead. Potential bias by
this method could not be excluded, but we estimated the risk
to be low due to the low number of missing values.

Results for FRAX and distance to DXA were reported
using arbitrarily chosen cutoff values. Using categorical vari-
ables for FRAX introduced a possible loss of information in
our data analysis. However, this did not seem to be of impor-
tance, as our findings suggest differences in FRAX risk

categories for women between those who had reported a
DXA and those who did not. For men, this was not the case,
most likely due to small numbers.

For our study, the non-response rate could pose problems
with generalizing data. However, reported rates of smoking
indicate that participants were representable for the whole
population, and reported use of corticosteroids as an indicator
of the generalizability of the survey results was comparable to
other studies.

Our study, however, also had a number of strengths. Firstly,
this is the first national population-based survey of risk factors
for osteoporosis in Norway. Secondly, it includes both men
and women while the majority of earlier research has been on
women. Finally, the applied questionnaire had been validated
in a pilot study, and optical character recognition was used for
data entry in order to reduce erroneous entries.

Conclusion

Our study showed suboptimal screening rates for osteoporosis
among Norwegian high-risk individuals, especially so for
men. Furthermore, increased distance to nearest DXA facility
reduced the probability of having undertaken a DXA scan. A
high proportion of DXA scans were performed in people not
included in the Norwegian screening strategy aimed at high-
risk individuals.

Our study reinforces the need to (a) develop cheap andmore
available diagnostic tools for osteoporosis and/or (b) use easily
accessible non-interventional stratification tools to improve the
pretest probability of osteoporosis and thus increase the gradi-
ent of risk for examined individuals. A number of stratification
tools based on one or more anamnestic risk factors already
exist and should be employed more extensively.

Conflict of interest None.
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