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Abstract
Summary The incidence of hip fracture in Sweden is substan-
tially lower in immigrants than in the population born in Swe-
den. Thus, the use of a FRAX® model in immigrants overes-
timates the risk of fracture, and the use of country of origin-
specific models may be more appropriate.
Introduction Age-specific fracture and mortality rates vary
between countries so that FRAX tools are country-specific.
In the case of immigrants, it is not known whether the model
for the original or the new country is most appropriate. The
aim of this study was to compare the incidence of hip fractures
in foreign-born and Swedish-born individuals residing in
Sweden.
Methods We studied the incidence of hip fracture in all men
and women aged 50 years or more in Sweden between 1987
and 2002. The population comprised 2.8 million Swedish-
born and 270,000 foreign-born individuals.
Results Incident hip fractures occurred in 239,842 Swedish-
born and 12,563 foreign-born individuals. The hip fracture
incidence rose with age for both groups and was higher for
women than men amongst both Swedish-born and foreign-

born individuals. The hip fracture incidence for the Swedish-
born cohort was approximately twice that of immigrants. For
example, at the age of 70 years, the annual hip fracture inci-
dence (per 100,000) was 450 (95 % CI 446–454) for a
Swedish-born woman and 239 (95 % CI 223–257) for a
foreign-born woman at the time of immigration. The hip frac-
ture incidence rose slowly with time from immigration (0.6 %
per annum, 95 % CI 0.5–0.8 %) but remained significantly
lower than for Swedish-born individuals even after 40 years of
residence.
Conclusions The incidence of hip fracture in Sweden is sub-
stantially lower in immigrants than in the population native to
Sweden. Although there was a small rise in age- and sex-
specific incidence after immigration, the incidence remained
markedly lower than that observed in Swedish-born individ-
uals. Thus, the use of a FRAX model for Sweden will over-
estimate the risk of fracture for foreign-born individuals living
in Sweden.
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Introduction

Advances in transport and communication infrastructure have
allowed a dramatic increase in the movement of individuals
between countries, whether to seek employment, undertake
study or escape persecution [1]. Such migration has major
consequences for health care in destination countries, both in
terms of unfamiliar diseases, such as rare infections, and more
common chronic non-communicable diseases (NCDs), such
as osteoporosis, diabetes and cardiovascular disease [2–4]. In
such circumstances, both genetic and environmental factors
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may be relevant but has been relatively poorly characterized
for most NCDs [5]. Immigration brings with it a potentially
marked change in the prevailing environment, in terms of diet
and lifestyle, together with other ecological factors such as
water fluoridation and air pollution. These new environmental
factors interact with the innate genetic make-up of the individ-
ual to modify disease risk [5]. Given the heterogeneity in
environment and genotype, it is by no means certain what
the effect of migration from one country to another will be
on a specific disease.

The consequence of osteoporosis fragility fractures clearly
represents a major burden to modern society, costing the Eu-
ropean Union approximately €37 billion annually or 3 % of
the total health care spend [6]. Highly effective treatments are
now available to treat osteoporosis, and the clinical assess-
ment of patients judged to be at risk of fracture is a critical
step in the management of the disease [7]. FRAX® provides
such a clinical tool for the calculation of fracture probability to
identify individuals at high risk [8, 9].Models are calibrated to
country-specific epidemiology as both fracture and death risk
(which are combined to yield fracture probability as opposed
to fracture incidence) vary between countries [10, 11]. Thus, a
FRAX model for one country may not be appropriate for
another country [12]. In order to use FRAX optimally, it is
therefore important to ascertain whether fracture incidence
rates in an immigrant population are closer to those of the
original, or the new country of residence.

We aimed, therefore, to compare the incidence of hip frac-
tures in foreign-born and Swedish-born individuals living in
Sweden using population wide data.

Methods

We studied admissions to Swedish hospitals for hip fracture
between January 1987 and December 2002 for persons above
the age of 50 years. The source comprised the national Swed-
ish register (the patient register to the National Board of
Health and Welfare) which documents each hospital admis-
sion on a continuous basis. A unique personal identifier per-
mitted the tracking of individuals for multiple admissions. The
database included all patients discharged from hospital ac-
cording to the disease category and surgical procedure. Reg-
istration is a legal requirement, is backed by financial induce-
ment and has an accuracy that exceeds 90 % for surgical
admissions [13]. Hip fractures were identified on the basis of
the relevant International Classification of Diseases (ICD)
code (ICD 9: 820x or ICD 10: S720–S724 or S727–S729
before and after 1996, respectively) and a surgical procedure
for proximal femur fracture by the operation code ICD9 841,
82x or NFB, NFJ in the operation code fields [14]. The cases
were documented by age, sex and region of birth. We exam-
ined the incidence of hip fracture in men and women aged

50 years (born 1939–1987) or more between 1987 and
2002. Where appropriate, follow-up ended at the date of
emigration.

Country of birth was designated as one of eight regions:
Sweden, Africa, Asia, Europe without Sweden, North Amer-
ica, Oceania, Union of Soviet Socialist Republics (USSR) and
South America (Table 1). No information was available on the
exact country of birth. There was, however, information on
immigration from other Nordic countries. The region of birth
was unknown in 1069 foreign-born individuals and was ex-
cluded from further analysis. For the regional estimates, we
excluded Oceania because of the low sample size and number
of hip fractures that were recorded. With regard to illegal
immigrants, Sweden has a national health service that is free
at the point of contact. It is most unlikely, therefore, that frac-
tures would be missed in legal immigrants. Fractures may
have been missed in illegal immigrants, but neither the indi-
vidual nor the fracture would be registered.

An extension of the Poisson regression model [15] was
used to study the association between age, sex, the time since
immigration on the one hand and the risk of hip fracture. The
observation period of each participant was divided in intervals
of 1 year. One fracture per person was counted. The relation-
ship between age and hip fracture incidence was evaluated
using a linear piecewise model with knots at 70 and 90 years,
in order to allow the increase of hip fracture with age to differ
with intervals of age. The determination of the beta coeffi-
cients were performed separately for Swedish-born and
foreign-born individuals. The association between age, sex,
time and the risk of fracture was described as the hazard ratio
per 1 unit change. Two-sided values of p were used for all
analyses, and p<0.05 was considered to be significant.

Results

There were 2,756,874 Swedish-born individuals and 269,129
(9 %) foreign-born individuals in the register comprising men
and women aged 50 years or above in Sweden in January
1987 (see Table 1). The mean age of immigrants was lower
than in native Swedes (p<0.001), though this varied by place
of birth.

Swedish-born individuals

The incidence of hip fracture by age and sex in Swedish-born
individuals is shown in Table 2. The risk of hip fracture was
higher in women than in men with an HR of 1.68 (95 % CI
1.66–1.69). Hip fracture incidence rose progressively with
age. Before the age of 70 years, the rise for 1 year of age
was by 12 % (95 % CI 12–13 %). The corresponding increase
between the ages of 70 and 90 years was by 14 % (95 % CI
13–14 %) and after the age 90 years was by 0.6 % (95 % CI
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0.3–1.0 %). There was a small but significant decrease in risk
of hip fracture with time by 0.6% for each calendar year (95%
CI 0.5–0.7 %; p<0.001), a phenomenon evident in women
(0.8 %; 95 % CI 0.7–0.9 %; p<0.001) but not in men
(0.0 %; 95 % CI −0.2–0.1; p>0.30).

Foreign-born individuals living in Sweden

The risk of hip fracture was higher for women than for men
HR 1.52 (95 % CI 1.45–1.62) for immigrants. Hip fracture
incidence rose significantly with age throughout the whole
age range (Table 2). Before the age of 70 years, the rise was
by 13 % per year (95 % CI 12–14 %). The corresponding risk
increase between the ages of 70 and 90 years was 15 % per
year (95%CI 14–15%), but after the age 90 years, there was a
significant decrease by 3 % per year (95 % CI −7–0 %). At all
ages and for both sexes, the incidence of hip fracture was
lower in immigrants than in native Swedes.

There was a small but significant increase in age-adjusted
risk of hip fracture with time from immigration (p<0.001) by
0.61 % (95 % CI 0.46–0.77 %) for each year of follow-up for
men and women together. At the age of 50 years, the incidence
per 100,000 was 15 for men and 22 for women (Table 3)
5 years after immigration. Twenty years after immigration,
the corresponding incidences were 16 and 25. At the age of
90 years, the incidence per 100,000 was 2428 for men and
3713 for women after 5 years after immigration. Twenty years
after immigration, the corresponding incidences were 2661
and 4070.

The incidence with time from immigration in foreign-born
women using a linear model is shown in Fig. 1 at the age of
70 years. The incidence of hip fracture per 100,000 for a 70-
year-old foreign-born woman at the time of immigration was
239 (95 % CI 223–257) and rose modestly with calendar year
so that 45 years after immigration, the incidence was 315
(95 %CI 298–333) (Fig. 1). Even after 45 years, the incidence

Table 1 Populations at risk aged 50 years or more at January 1987 and subsequent hip fractures

Region of birth n
(%)

Mean age at
1987 (years)

Proportion
women (%)

Number of hip
fractures

Age at hip
fracture (years)

Sweden 2,756,874 (91.1) 65.8 54 239,842 81.1

Outside Sweden 269,129 (8.9) 61.6 57 12,563 78.6

Africa 2527 (0.1) 60.4 52 40 73.4

Asia 13,896 (0.5) 62.2 57 383 76.2

Europe 234,586 (7.8) 61.3 57 11,085 78.4

-Without Nordic countries 104,340 (3.4) 62.0 54 4229 79.9

-Other Nordic countries 130,246 (4.3) 60.8 59 6856 77.5

Former USSR 4966 (0.2) 66.9 58 316 81.9

North America 7343 (0.2) 66.5 55 607 81.7

Oceania 112 (0.0) 60.9 58 4 84.7

South America 4630 (0.1) 60.9 63 87 78.3

Unknown 1069 (0.0) 63.8 48 41 78.4

Table 2 Annualized hip fracture
incidence per 100,000 with 95 %
confidence interval (CI) for
Swedish-born and foreign-born
individuals

Age (years) Swedish born Foreign born

Men Women Men Women

50–54 50 (46–55) 57 (52–62) 56 (36–63) 40 (29–53)

55–59 73 (69–77) 107 (103–112) 56 (46–67) 69 (59–80)

60–64 110 (106–114) 169 (164–174) 89 (79–100) 121 (110–132)

65–69 180 (175–185) 292 (286–298) 155 (141–171) 208 (193–223)

70–74 331 (324–338) 575 (566–583) 287 (263–313) 457 (433–482)

75–79 646 (635–657) 1161 (1148–1174) 519 (477–564) 937 (894–981)

80–84 1234 (1215–1253) 2195 (2173–2215) 1045 (958–1137) 1871 (1792–1954)

85–89 2200 (2162–2239) 3739 (3702–3776) 1790 (1610–1984) 3308 (3155–3467)

90–94 3497 (3406–3589) 5238 (5166–5311) 3051 (2606–3551) 4652 (4339–4981)

95–99 4584 (4327–4854) 5894 (5724–6068) 3151 (2141–4473) 6179 (5389–7052)

100+ 4204 (3432–5099) 5105 (4639–5606) 2606 (537–7621) 2535 (1418–4184)
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of hip fracture was markedly lower than in Swedish-born
women of the same age. For example, the incidence of hip
fracture in 1995, the year mid-way across the time period
studied, for 70-year-old women born in Sweden was 450
(95 % CI 446–454) (see Fig. 1). Thus, despite the increase
in hip fracture risk with time since immigration, the risk
remained far lower than that for Swedish-born women of the
same age. The same pattern was observed at all ages and in
men (data not shown).

Subgroups of foreign-born

The majority of foreign-born were from Europe (87 %)
and Asia (5 %) (see Table 1). Hip fracture rates 5 years
after immigration were consistently lower in foreign-
born women than the rates for Sweden (Table 4). In
the case of men, however, rates in Asian and African
immigrants were not markedly lower than the rates seen
in Swedish-born men though the confidence intervals

for both were wide (Table 4). For individuals born in
Europe, there was a statistically significant increase in
incidence with time from immigration by 0.48 % per
year (95 % CI 0.30–0.65; p<0.001) (Table 4). Within
Europe, immigrants excluding other Nordic countries
had markedly lower fracture rates than the Nordic coun-
tries. For individuals born in Europe outside Nordic
countries, there was a statistically significant increase
in incidence with time from immigration by 0.38 %
per year (95 % CI 0.13–0.63; p=0.0026). For the other
regions, the change per year from immigration ranged
from −0.2 to 2.0 % (Table 4).

Discussion

The principal finding of the present analysis of the
whole population of Sweden is that hip fracture inci-
dence in Sweden is substantially lower in immigrants
than in the Swedish-born population. We observed a
small rise in incidence after immigration but which
remained markedly lower than that observed in
Swedish-born individuals. These disparities suggest that,
in foreign-born individuals in Sweden, approaches to
risk stratification, such as the use of FRAX, should be
based on data calibrated to the country of origin, rather
than to the Swedish-born population.

It is well established that there are marked differ-
ences in hip fracture rates worldwide [11, 16–19], and
the incidence of hip fractures in Sweden is amongst the
highest globally for women, second only to Denmark
[11]. It is to be expected, therefore, that the immigrant
population would have lower fracture rates than native-
born Swedes at the time of immigration. Within Europe,
fracture rates were higher in immigrants from other
Nordic countries than the rest of Europe. Similar find-
ings have been reported for Stockholm County [20] and
in a large case-control study from Sweden [4]. In the
latter study, foreign-born individuals had a reduced risk
of hip fracture, with odds ratios of 0.47–0.77 for men
and 0.42–0.88 for women, findings similar to those of
the present study. In the UK, Caucasian men and wom-
en are at increased risk of hip and other fractures than
ethnic groups from the Caribbean, Africa or Asia [21].
The lower fracture rates in the immigrant population
contrast with the documented poorer health status [22]
and higher mortality [23, 24] of these individuals.

It is of interest that male immigrants from Asia and
Africa had incidence rates that were only slightly lower
than men born in Sweden. The strength of this observa-
tion is limited by the relatively small sample size with
wide confidence intervals, but a relatively high risk has
previously been noted in male but not in female Asian

Table 3 Hip fracture incidence per 100,000 with 95 % confidence
interval (CI) for foreign-born individuals

Age
(year)

Time since
immigration (year)

Incidence per 100,000 (95 % CI)

Men Women

50 5 15 (13–17) 22 (20–26)

20 16 (14–19) 25 (21–28)

70 5 161 (150–174) 247 (231–263)

20 177 (166–189) 270 (256–286)

90 5 2428 (2236–2637) 3713 (3461–3984)

20 2661 (2468–2870) 4070 (3825–4330)

0
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400
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Annual incidence (rate/100 000)

Fig. 1 Annual hip fracture incidence per 100,000 with 95 % confidence
intervals for foreign-born women at the age of 70 years. The upper line
shows the hip fracture incidence for a Swedish-born 70-year-old woman
in 1995 (the mid-point between 1987 and 2002)
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immigrants to Stockholm [20]. The relatively high rates
are particularly surprising in African immigrants where
the scant information base suggests that the hip fracture
rates are much lower than those in Europe [11]. Low
income and language fluency [25] and poor vitamin D
status [26] are predictors of higher hip fracture risk, but
these factors do not provide an explanation of the rela-
tively high fracture rates early after immigration. The
most likely explanation is selection bias favouring the
immigration of African men at high risk to the labour
market, although it was not possible, using the current
dataset, to identify individual risk factors which might
account for these observations.

In the present study, we also found that the reduced inci-
dence in immigrants persisted for up to 45 years after immi-
gration. A small rise in incidence did occur after immigration
but remained markedly lower than that observed in Swedish-
born individuals. Similar findings have been previously re-
ported in Sweden but with a shorter follow-up [4]. These
findings are consistent with observations in Hawaii. On the
Hawaiian island of Oahu, hip fracture rates in individuals of
Japanese origin did not change between 1979–1981 and
1991–1995, but, in this instance, hip fracture rates were sim-
ilar to indigenous Caucasians [27] though lower than rates
elsewhere in the USA [28]. Elsewhere in the USA, hip frac-
ture rates are lower in Black and Asian Americans than in the
Caucasian population even though many will not be first gen-
eration immigrants [19].

The persistence of lower hip fracture risks in the immigrant
population has implications for fracture risk assessment that
make use of FRAX in that the FRAX model for Sweden will
overestimate the risk of fracture for a foreign-born individual
living in Sweden. The use of FRAX models from the country

of origin is likely to provide a more accurate assessment of
fracture probability. It is relevant that FRAX in Sweden is
based on national information on the whole population, irre-
spective of birth origin. Thus, hip fracture risks of native
Swedes may be underestimated by 4–5 % in the present study.

The strength of the present study is in its longitudinal design
based on the entire Swedish population. In addition, the accu-
racy of the available registers is high. The foreign-born immi-
grants were younger and more often men, but age and sex
adjustment did not alter the conclusions. The majority of im-
migration to Sweden is for the labour market, and there is likely
to a healthy selection bias. Limitations of the present studywere
that potential confounders such as economic status, specific
country of origin and other risk factors for fracture were not
available in the cohort. It is notable that the overall data on
immigrants are driven largely by European immigrants with
perhaps less power to make conclusions about the other groups.
It is also possible that some immigrants return to their country
of origin without informing the relevant authorities which
would underestimate the hip fracture risk in the immigrant pop-
ulation. The relevance for successive generations is not known.
The present findings are relevant for Sweden and are not nec-
essarily applicable to other settings, particularly in countries
that have low or intermediate fracture risks.

We conclude that hip fracture incidence in Sweden is sub-
stantially lower for immigrants than in the Swedish-born pop-
ulation. Although there was a small rise in incidence after
immigration, the incidence remainedmarkedly lower than that
observed in Swedish-born individuals. Thus, the use of a
FRAXmodel for Sweden will overestimate the risk of fracture
for a foreign-born individual living in Sweden, and use of
country of origin-specific models will generally be
appropriate.

Table 4 Incidence of hip fracture per 100,000 for men and women, and the change in incidence with time since baseline (with 95 % confidence
estimates) for men and women together for different regions of birth

Region of birth Incidence at age 70 years (95 % CI) Change with time since
immigration (%/year)

Men Women

Sweden 276 (271–280) 446 (439–453) –

Outside Sweden 161 (150–174)a 247 (231–263)a 0.61 (0.46–0.77)

Africa 195 (77–493)a 223 (113–441)a 1.49 (−1.40–4.46)
Asia 212 (164–273)a 258 (209–319)a 0.16 (−1.06–1.40)
Europe 169 (154, 184)a 263 (243–284)a 0.48 (0.30–0.65)

-Without Nordic countries 130 (115–147)a 218 (196–241)a 0.38 (0.13–0.63)

-Other Nordic countries 258 (230–291)a 374 (334–418)a −0.23 (−0.49–0.03)
North America 182 (99–335)a 293 (167–515)a 0.57 (−0.50–1.65)
Former USSR 163 (95–277)a 200 (124–323)a −0.18 (−1.12–0.78)
South America 46 (22–96)a 95 (56–162)a 2.00 (−0.31–4.36)

a 5 years from immigration
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