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Abstract
Summary Large regional differences in hip fracture rates
within Norway have previously been shown. However,
regional differences in hip bone mineral density (BMD)
have not yet been assessed. In this study including 10,504
hip scans, there were significant regional differences in
BMD. Further studies to address reasons for the regional
differences in hip fracture risk are warranted.
Introduction Bone mineral density (BMD) at the hip is an
important determinant of hip fracture. While regional
differences in Norwegian hip fracture rates have previously
been shown, no comparative studies of hip BMD have been
conducted.

Methods Total hip BMD was measured by DXA in two
population-based studies across Norway during 1997–2002.
Valid hip scans with in vivo calibration were obtained from
5127 subjects in Tromsø (age 30–89 years) and 5377
subjects in Bergen (age 47–50 and 71–75 years).
Results Women ≥60 years in Tromsø had 0.052 g/cm2

higher age-adjusted BMD than women in Bergen, whereas
BMD among women <60 years was similar in Tromsø and
Bergen. Age-adjusted total hip BMD was 0.035 g/cm2

lower in men ≥60 years in Bergen compared with Tromsø,
and the corresponding figure for men <60 years was
0.028 g/cm2. While adjustment for body mass index
explained some, but not all of the differences, smoking,
physical activity, diabetes prevalence, self-perceived health,
intake of alcohol and estrogen use did not.
Conclusions Regional differences in BMD at the hip were
found in Norway. Reasons for this and potential impact on
hip fracture rates should be explored in further studies.

Keywords Bone mineral density . Hip fractures . Norway .

Regional differences

Introduction

Norway and the other Scandinavian countries have the
highest hip fracture rates ever reported [1, 2]. Large
regional differences in hip fracture rates have previously
been shown within Norway [1–6]. For example, the age-
adjusted fracture rates per 10,000 for the age group
>50 years were in 1996–1997 118 for women and 44 for
men in the city of Oslo in southern Norway [2], and 82 for
women and 38 for men in central Norway in 1997–1998
[3]. The regional differences reflected to a large degree
differences between urban and rural areas; rural areas
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generally have lower hip fractures rates than urban [1–6].
Studies from other western countries have also shown
lower hip fracture rates in rural than urban districts [7–11].
Urban-rural differences have recently also been shown for
forearm fractures [12–14].

Low bone mineral density (BMD) is widely recognized
as a major risk factor for fractures [15]. It has been shown
that risk of fracture is best predicted by BMD at the same
anatomical site [16, 17].

From a public health point of view, a central question is
whether risk factors for fractures vary between different
regions of the country, and whether differences in these
factors may explain varying fracture rates. BMD is very
interesting in this context, as hip BMD has been shown to
predict hip fracture with a gradient risk comparable to that
of blood pressure measurements in predicting cerebral
stroke [16]. We have previously shown that in Norway,
rural dwellers had higher forearm BMD compared with
urban dwellers [18]. However, whether there are regional
differences also in hip BMD, the strongest predictor of hip
fractures, has not yet been studied.

BMD from different dual energy X-ray absorptiometry
(DXA) manufacturers may differ up to 18%, whereas
measures on devices from the same brand typically differ
up to 5% [19]. There are only a few population-based
studies comparing BMD between different study sites [18,
20]. Considering the small variation in population BMD,
uncalibrated results from different DXA devices can easily
result in wrong conclusions when comparing BMD in
different populations. The International Society for Clinical
Densitometry recommends cross-calibration before BMD
from different models or makes are quantitatively compared
[21].

The aim of this study was to compare in vivo calibrated
hip BMD in two Norwegian cities (Tromsø and Bergen).
Tromsø and Bergen are situated at ∼70° north and ∼60°
north, respectively. The latitude may play a role in relation
to different sun exposure and cutaneous vitamin D
production [22]. We also wanted to assess whether potential
regional differences could be attributed to differences in
lifestyle factors such as cigarette smoking, body mass index
(BMI) or level of physical activity, diabetes prevalence,
self-perceived health, intake of alcohol or use of hormonal
replacement therapy.

Methods

The Norwegian Epidemiological Osteoporosis Studies
(NOREPOS) is a collaboration between four large popula-
tion-based studies in Norway. These are sub-studies of large
population-based multipurpose studies in Oslo, Bergen,
Tromsø and Nord-Trøndelag.

The selection of the study population included here are
described in Table 1 [23, 24]. Data were collected as part of
the Tromsø V study and the Hordaland Health Study.

Tromsø is situated in northern Norway (∼70° north) and
has approximately 65,000 inhabitants. The county consists
of a large geographic area, 2558 km2. The majority of the
participants in Tromsø live in the city center, whereas
∼20% of the population lives in rural districts. Bergen is
situated at ∼60° north and has 245,000 inhabitants. Bergen
and the three neighboring suburban municipalities included
in this study consist of a geographic area of 813 km2 [25].

Study population in Tromsø

Data were collected in the fifth Tromsø survey (Tromsø V)
conducted during 2001–2002. The source population for
the bone mineral density sub-study included all individuals
aged 30–90 years in the municipality of Tromsø, and a
sample of 6969 subjects were invited [23]. Dual hip scans
were performed. Ineligible scans were excluded, leaving
9732 valid right and left hip scans. After including right hip
scans if valid left scans were missing, we were left with
5127 hip scans.

Participants were divided into two groups; urban and
rural Tromsø as previously described [18]. The majority of
participants resided in the city center, and 18.6% in areas
defined as rural.

Study population in Bergen

Data were collected in the Hordaland Health Study (HUSK)
conducted during 1997–2000 [24]. The source population
for the bone mineral density sub-study included all
individuals born 1925–1927 and 1950–1951 residing in
Bergen and three neighboring suburban municipalities.
These age groups were determined by the main health
study. The left hip was scanned unless there was a history
of previous fracture or surgery. If the left hip could not be
scanned, the right hip was used. Ineligible scans were
excluded, and a total of 5377 valid scans were obtained.

Table 1 Scheme of participation in Tromsø andBergen. The NOREPOS
study

Tromsø Bergen

Invited for main study 10,353 9187
Met for main study (% of invited) 8130 (78.5%) 7074 (77.0%)

↓ ↓
Invited for DXA 6969 7074
Number scanned 5226 5408
Number of valid scan included
(% of invited for DXA)

5127 (73.6%) 5377 (76.0%)
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BMD measurements

Two different GE Lunar scanners were used to measure
BMD: Prodigy in Tromsø and EXPERT-XL in Bergen (GE
Lunar, Madison, Wisconsin). We have previously shown
that the precision is better for total hip compared with
femoral neck measurements [26], and for this reason we
chose to include total hip measurements.

Daily calibration was performed on the machines using a
phantom supplied by the manufacturer. The scans were
performed after the same protocol by different personnel at
the two study sites. All scans were reviewed and reanalysed
if necessary. Technically incorrect scans (e.g., scans that did
not include the region of interest or movement artefacts),
scans with metal in the region of interest and scans of hips
with severe deformities were excluded from the analysis.

Generally, scans of the left hip were used for analyses.
However, if the left hip measurement was missing, the right
hip scan was used if valid. Right hip scans were used in
4.6% and 3.9% in Tromsø and Bergen, respectively.
Excluding the right hip scans in an additional analysis did
not change the results (data not shown).

We did not exclude participants with non-Caucasian
background, as we did not have comparable information
about ethnicity at both study sites. The number of nonethnic
Norwegians in Bergen was small (0.7%), whereas equivalent
numbers from Tromsø were not available.

Calibration of BMD data

In order to make the BMD data from the two study sites
comparable, we have performed a cross-calibration study
with 16 subjects who had three repeated measurements on
the devices in both places [26].

When performing the calibration study, the Expert
device in Bergen had been replaced by a Prodigy, whereas
the Prodigy used in Tromsø was the same as used in this
study. The Prodigy in Tromsø was, therefore, chosen as the
reference device, whereas the data from Bergen were
adjusted to make them comparable with the Tromsø data.

The data in Bergen were first translated into the “Prodigy
scale” in Bergen. The Expert–Prodigy comparison was based
upon hip scans of 27 individuals measured on both devices
within 3 months. After evaluating a Bland & Altman plot for
the Expert–Prodigy comparison, the following equation was
calculated to calibrate the data: BMDPr odigy ¼ 0:986
BMDExpert

� �þ 0:007. As the difference between the Prodigy
devices in Bergen and Tromsø was considered clinically
insignificant, no further adjustments were made [26]. The
coefficient of variation (CV) for total hip measurements on the
Expert in Bergen was 1.20%, whereas the corresponding CV
for the Prodigy in Bergen was 0.82%. The CV for total hip
measurements on the Prodigy in Tromsø was 1.14%.

Other measures

Both studies were part of the CONOR (COhort of NORway)
collaborative study [27]. The CONOR protocol includes a
common set of questions and standard anthropometric
measurements. Weight and height were measured in light
indoor clothing without shoes. BMI was calculated as weight
(in kg) divided by squared height (in m). Standard
information about physical activity levels, smoking, use of
hormone replacement therapy, self-perceived health, alcohol
intake and diabetes were collected through self-administered
questionnaires. Physical activity was assessed by two
questions (hours per week of light and hard physical activity
with four alternatives (0 to 3≥ hours) for each question).
Information on smoking was dichotomized (current cigarette
smokers or not). Self-perceived health in the questionnaire
had four categories: poor/fair/good or excellent. Alcohol
intake frequency was collected as times of alcohol intake per
month. Diabetes status was collected as a yes/no question.
Use of hormonal replacement therapy was classified as
current, previous or non-users. Women not answering the
questions regarding hormonal replacement therapy (n=1190)
were treated as non-users.

Statistics

Linear regression analyses were used to compare BMD,
BMI and body height between study sites and age was
included as an independent variable in all multivariate
analyses. As the association between age and BMD was
different for subjects <60 years and subjects ≥60 years,
separate analyses for the two age groups were performed.
The main regression analyses were restricted to subjects
with valid total hip BMD and BMI measurements and who,
in addition, had answered the question on smoking. Due to
low response rate regarding physical activity, additional
analysis for physical activity were performed where all
subjects had valid information on BMI, smoking and
physical activity (both low and high activity). We also
performed additional analysis to evaluate whether alcohol,
diabetes and self-perceived health could explain the differ-
ences in BMD between the cities.

Analyses of variances with adjustments for age were
used to compare prevalences of known risk factors for low
BMD between the cities.

Based on the linear regression results, we calculated new
95% confidence intervals for the differences in BMD
between the cities where the variances from the calibration
steps were included. These variances were based on the
individual prediction error, and averaged over the cities.
Separate variances were calculated for subjects <60 years
and ≥60 years. The differences in BMD between the cities
remained significant also after correction for the calibration
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(Appendix), and we therefore did not include variances
from the calibration steps in the rest of the analyses.

We calculated a T-score for each participant (measured
BMD minus young adult BMD divided by the standard
deviation of the young adult BMD). The sex specific young
adult (20–39 years) reference material from Lunar was used
as reference material. If using the NHANES III reference
group for women [28], the proportion of women classified
as osteoporotic was almost unchanged. Separate analyses
were performed for men and women. Logistic regression
was used to calculate the odds ratio of having osteoporosis
(T-score ≤-2.5) and osteopenia (-2.5 < T-score ≤ -1.0).
Separate analyses were performed for individuals <60 years
and subjects ≥60 years old.

Ethics

Written informed consent was collected from all partic-
ipants. The individual studies were evaluated by the
appropriate regional committee for medical research ethics
and approved by the Norwegian Data Inspectorate.

Results

Table 2 and Fig. 1 show total hip BMD for different age
groups. Table 3 shows that age-adjusted BMD in Tromsø
and Bergen was similar for women under the age of 60,
whereas mean age-adjusted BMD was 0.052 g/cm2 higher
for elderly women (≥60 years) residing in Tromsø than in
Bergen. The latter difference corresponds to approximately
one-third standard deviation. In men, the age-adjusted total

hip BMD was significantly higher in Tromsø compared
with Bergen in the age groups studied.

For women, age-adjusted mean BMI was 1.2 kg/m2

(95% CI 1.0–1.4) higher in Tromsø than in Bergen.
Similarly, age-adjusted BMI in men in Tromsø was
0.8 kg/m2 (95% CI 0.6–1.0) higher than in Bergen. After
adjustments for age and BMI, women in Bergen <60 years
had a significantly higher BMD than women in Tromsø
<60 years, whereas the difference in BMD between men
<60 years in Bergen and Tromsø was halved (Table 3).
Similar adjustments in women ≥60 years resulted in a
reduced BMD difference between Tromsø and Bergen,
indicating that the differences in BMI can explain some, but
not all, of the BMD differences between Tromsø and
Bergen for the younger men and elderly women. Converse-
ly, there were only minor changes in the corresponding
BMD difference for elderly men when adjusting for BMI.

After adjusting for age, we found that the body height in
Tromsø was 1.0 cm (95% CI 0.7–1.3) and 1.6 cm (95% CI
1.2–2.0) lower in women and men, respectively, compared
with Bergen. Adjusting for body height in addition to age
resulted in a larger BMD difference between men <60 years
in Bergen and Tromsø, whereas the other estimates for the
differences between the cities remained almost unchanged
(Table 3).

The age-adjusted prevalence estimate of smoking in
Tromsø was higher in both women (p=0.015) and men (p=
0.001) compared with that in Bergen. Adjustments for
current smoking status did not change the estimates of
BMD difference between the cities neither in women nor in
men. Likewise, differences in hormone replacement use
could not explain the differences between Tromsø and
Bergen in the younger (<60 years) or elderly (≥60 years)

Table 2 Mean total hip BMD (g/cm2) in Tromsø and Bergen according to sex and age. The NOREPOS study

Tromsø Bergen

Age (yrs) Number of subjectsa (% of invited) Mean (SD) Age (yrs) Number of subjectsa (% of invited) Mean (SD)

Women 30–39 81 (64.8) 0.999 (0.110)
40–49 132 (73.3) 0.987 (0.126) 47–50 1884 (91.3) 0.976 (0.125)
50–59 641 (83.2) 0.953 (0.128)
60–69 1206 (78.7) 0.907 (0.135)
70+ 984 (66.1) 0.833 (0.131) 71–75 1207 (65.1) 0.796 (0.124)

Total 3044 (74.3) 0.899 (0.141) 3091 (78.9) 0.906 (0.152)
Men 30–39 48 (62.3) 1.070 (0.122)

40–49 71 (73.2) 1.074 (0.125) 47–50 1256 (76.1) 1.024 (0.136)
50–59 301 (76.8) 1.047 (0.126)
60–69 880 (76.1) 1.024 (0.134)
70+ 783 (68.0) 0.979 (0.146) 71–75 1030 (70.4) 0.954 (0.148)

Total 2083 (72.5) 1.013 (0.140) 2286 (73.4) 0.993 (0.146)

a Number of subjects with valid scan
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women. Adjustment for physical activity among partic-
ipants with complete data (79.3% of all subjects) led to
negligible changes in the total hip BMD differences
between the cities (data not shown).

The age-adjusted prevalence of self-reported diabetes
was not different between the cities. A higher age-adjusted
proportion of women (p<0.001) and men (p<0.001) in
Tromsø reported poor/fair self-perceived health compared
with Bergen, but adjustments for self-perceived health did
not change the differences in BMD between Bergen and
Tromsø neither in women nor in men (data not shown).
After adjustments for age, women in Tromsø reported to
drink alcohol more often than women in Bergen (p<0.001),
whereas this was not true for men (p=0.218). However,

adjusting for alcohol frequency did not affect the differ-
ences in BMD between the cities.

Participants in Tromsø were divided into two groups;
those residing in rural versus urban areas. No differences in
mean BMD between the two areas were found, except in
elderly women where the age-adjusted total hip BMD was
0.020 g/cm2 higher in women living in the rural compared
with the urban part of Tromsø (p=0.006). Excluding
subjects in Tromsø living in rural areas did not change the
differences between the cities.

The prevalences of osteoporosis are shown in Fig. 1. The
odds ratio of osteoporosis and osteopenia was higher in
Bergen compared with Tromsø in both women and men
≥60 years (Table 4). The odds ratio of osteoporosis and

Table 3 Differences in total hip BMD (g/cm2) between Tromsø and Bergen adjusted for age, BMI and body height. The NOREPOS study

<60 years Δ BMDb 95% CI Δ BMDc 95% CI Δ BMDd 95% CI

Women Bergena 0.001 −0.011 0.012 0.017 0.007 0.028 0.002 −0.009 0.014
Men Bergena −0.028 −0.044 −0.012 −0.015 −0.030 0.000 −0.037 −0.052 −0.021
≥60 years Δ BMDb 95% CI Δ BMDc 95% CI Δ BMDd 95% CI
Women Bergena −0.052 −0.062 −0.042 −0.039 −0.048 −0.030 −0.054 −0.063 −0.044
Men Bergena −0.035 −0.047 −0.024 −0.029 −0.040 −0.018 −0.038 −0.050 −0.027

a Tromsø is reference
b BMD Adjusted for age
c BMD Adjusted for age and BMI
d BMD Adjusted for age and body height
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Fig. 1 Total hip bone mineral density (g/cm2) (A,B) and prevalence of BMD ≤-2.5 SD (osteoporosis) (C,D) in women and men by age. The
NOREPOS study
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osteopenia in women <60 years in Tromsø and Bergen was
not significantly different. Men in Bergen <60 years had a
doubled odds ratio of osteopenia compared with those in
Tromsø, whereas the corresponding odds ratio of osteopo-
rosis was not significantly different.

Discussion

In the present study we have shown a higher total hip BMD
among men and elderly women (≥60 years) living in Tromsø
compared to men living in Bergen, while no differences were
seen for women under 60 years. A higher body mass index in
Tromsø compared with that in Bergen could explain some
but not all of the differences in younger men and elderly
women. The BMD differences were not attributable to
different levels of physical activity, cigarette smoking,
diabetes prevalence, self-perceived health, intake of alcohol
or use of hormone replacement therapy among women.

This large comparative study, involving 10,504 hip
scans, is the first to demonstrate regional differences in
hip BMD within Norway. The available literature suggests
that Oslo has higher hip fracture incidences than any other
region in Norway [1, 4, 29]. In 1994–1995 the incidence of
hip fracture in subjects ≥65 years (men and women
combined) in Hordaland county (where Bergen is situated)
was 11.6 per 1000 person years, whereas the corresponding
incidence in Troms county (Tromsø) was 10.3 [4]. The
results from this study can be questioned due to some
methodological problems. However, forearm fracture rates
in Bergen and Oslo have previously been shown to be
similar [30, 31], both being the highest ever reported
internationally. Anyhow, there is an urgent need for further
fracture incidence studies in Norway.

We calculated predicted hip fracture risks in the cities to
evaluate potential consequences of the differences in BMD.
In these calculations, we used a relative risk of 2.6 per

standard deviation decrease in BMD based on a meta-
analysis by Marshall et al. [16]. Compared with the data in
Tromsø, the age-adjusted BMD differences in elderly
women translates to a 42% increased risk of hip fractures
in Bergen, whereas the differences in elderly men in Bergen
correspond to a ∼25% increased risk. A recent meta-
analysis showed that hip BMD was less effective in
predicting fractures with advancing age [17]. They found
a relative risk of 3.7 at the age of 50 for women and men
combined, whereas the risk was 2.6 at the age of 75.
However, since no separate risk for men and women with
advancing age was presented, we chose the conservative
estimate of 2.6 for both men and women. If anything, we
may have underestimated the predicted risk of hip fracture.

Although the participation rates were generally quite
high, the proportion of subjects who were scanned differed
between age groups and study sites (Table 2), we cannot
exclude the possibility that selection bias might have
affected our results.

The International Society for Clinical Densitometry
recommends in vivo calibration when BMD from different
models or makes are quantitatively compared [21]. We
followed this recommendation and adjusted our data
according to our own vivo calibration studies. It is possible
that the extensive calibration might have introduced errors.
However, when including the errors from the calibration in
our analyses (Appendix), there were only minor changes in
the results, indicating that the observed BMD differences
are real and not merely measurement artefacts.

BMD measurements are corrected for the area scanned
but not for the true volume of the bones [32]. Due to larger
volume, larger skeletons generally appear to have greater
BMD, even though the actual volumetric tissue density of
bone may not be higher. In this study, the population of
Tromsø had the lowest body height and the highest BMD.
Thus, differences in body height cannot explain the
observed differences in BMD.

Table 4 Odds ratio for osteopenia and osteoporosis with 95% CI in men and women <60 years and ≥60 years of age. The NOREPOS study

<60 years Osteopenia Osteoporosis

ORa 95% CI ORa 95% CI

Women Tromsø 1.00 Reference 1.00 Reference
Bergen 0.93 0.75 1.17 15.77 0.33 747.03

Men Tromsø 1.00 Reference 1.00 Reference
Bergen 2.05 1.52 2.77 2.24 0.54 9.25

≥60 years Osteopenia Osteoporosis
ORa 95% CI ORa 95% CI

Women Tromsø 1.00 Reference 1.00 Reference
Bergen 1.29 1.11 1.50 2.14 1.75 2.61

Men Tromsø 1.00 Reference 1.00 Reference
Bergen 1.53 1.30 1.81 1.54 1.12 2.12

a The estimates are age-adjusted
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We did not have comparable information on ethnicity
from Tromsø and Bergen, but the number of nonethnic
Norwegians in Bergen was small (0.7%). As the non-
western population of Bergen is larger than the population
of Tromsø (6.6% versus 3.8%) [25], it is not likely that the
number of non-western subjects was considerably higher in
Tromsø than in Bergen, and even if so the percentage
would be very low. On the other hand, other ethnic
differences such as the number of subjects with Sami
background may have affected our results. The Sami and
Finnish populations in Tromsø are mixed with ethnic
Norwegians, making the definition of ethnicity very
complex. However, the majority of subjects in Tromsø
have an ethnic Norwegian background, whereas approxi-
mately 10%–20% in Tromsø have a Sami, Finnish or Sami/
Finnish background [33]. If the ethnic Norwegians in
Tromsø had the same BMD levels as subjects in Bergen,
the Sami/Finnish population in Tromsø would have an
exceptionally high BMD to fully explain the higher BMD
in Tromsø found in this study, which is not likely.

Of the subjects in Tromsø 18.6% lived in areas classified
as rural. Subjects living in rural areas in Norway have been
shown to have higher forearm BMD [18]. In this study we
found differences in hip BMD only between elderly women
living in rural and urban areas of Tromsø. Excluding
subjects living in rural areas in Tromsø did not change the
results. Hence, the BMD differences observed in our study
cannot be explained by inclusion of the rural population of
Tromsø. On the other hand Tromsø is a small city (65,000
inhabitants) compared with Bergen (245,000 inhabitants),
and might not be comparable with respect to urbanization.

Norwegians have a high dietary intake of vitamin D, and
diet is very important for the vitamin D status during the
winter season when sun exposure is too low to synthesize
vitamin D in the skin [34]. Differences in cutaneous
vitamin D production due to different latitudes are not
likely to explain our findings, as the subjects living furthest
north had the highest BMD levels. On the other hand,
serum levels of vitamin D could be different between the
populations due to different dietary vitamin D intake or
differences in time spent outdoors and this should be
evaluated in further studies.

In conclusion, we found substantial differences in hip
BMD between Tromsø and Bergen in both men and elderly
women. Further studies addressing hip fracture incidences
in Norway and potential explanatory factors for BMD
differences are warranted.
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