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Lower prevalence of hip fractures in foreign-born
individuals than in Swedish-born individuals
during the period 1987-1999
Björn Albin1*, Katarina Hjelm1, Sölve Elmståhl2

Abstract

Background: This is the first longitudinal study with a 22-year follow-up, based on a national and complete
sample, to determine whether the prevalence of hip fracture and the age when it occurs are influenced by
migration and by being foreign-born. Cultural background and environmental factors such as UV-radiation and
lifestyle during childhood and adolescence may influence the risk of a hip fracture event later in life. Differences in
prevalence might occur between the indigenous population and those who have migrated to a country.

Methods: The study was based on national population data. The study population consisted of 321,407 Swedish-
born and 307,174 foreign-born persons living in Sweden during the period 1987-1999.

Results: Foreign-born individuals had a reduced risk of hip fracture, with odds ratios (ORs) of 0.47-0.77 for men
and 0.42-0.88 for women. Foreign-born women had the hip fracture event at a higher age on average, but a
longer time spent in Sweden was associated with a small but significant increase in risk.

Conclusions: We found that there was a reduced risk of hip fracture in all foreign-born individuals, and that the
hip fracture event generally happened at a higher age in foreign-born women. Migration must therefore be
considered in relation to the prevalence and risk of hip fracture. Migration can therefore have a positive effect on
one aspect of the health of a population, and can influence and lower the total cost of healthcare due to reduced
risk and prevalence of hip fracture.

Background
The relation between the prevalence of hip fracture and
migration is not well understood, and has not been stu-
died longitudinally. Improvement in our knowledge is
important in this respect since cultural background and
physical environment during childhood and adolescence
are known to be able to influence the risk of a hip frac-
ture event [1], and differences in the prevalence of hip
fracture might occur between the indigenous population
and people who have migrated to a country.
Hip fractures are one of the most common reasons for

elderly people being admitted to hospital, they are an
important cause of death and disability, and measured

by frequency and economic costs, they are a large public
health problem [2].
Hip fractures are an increasing problem, since they are

strongly associated with old age and the number of
elderly people is increasing worldwide. In a global pro-
jection, it was estimated that the numbers will double
between 1995 (1.3 million) and 2025 (2.6 million) [3].
The numbers of hip fractures vary in different parts of
the world, with the greatest number in Europe. At pre-
sent, about half of all hip fractures occur in Europe and
North America [4,5]. Sweden has one of the highest pre-
valences of hip fractures in the world, especially among
elderly [6].
Swedish society has changed during the last century

due to international migration. In 1950, about 200,000
foreign-born people lived in Sweden, constituting
2.8 percent of the total population, as compared to 13
per cent (or slightly more than 1 million) in 2006 [7].
The population of foreign-born individuals in Sweden is
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a great mixture of different nationalities, but is domi-
nated by labour migrants from the Nordic countries,
especially Finland, and from other European countries
such as former Yugoslavia, Germany, and Poland [7].
Hip fracture events could be related to osteoporosis or

other systemic diseases, medication, medical history,
anthropometric variables, lifestyle, or demographic vari-
ables such as age and sex [2]. Gender has a strong asso-
ciation with hip fractures and most cases, between 64%
[8] and 75% [6], have been reported in women. Parental
history may be of importance; studies have shown a
modest but increased risk of hip fracture, in both men
and women, if one of the the parents has had an osteo-
porotic fracture [9].
The influence of ethnicity, race, and different cultural

background on the risk and prevalence of hip fracture
has been studied to some extent. Hip fractures and the
risk of hip fractures among the Japanese population in
Hawaii has been investigated in several studies. The
results have shown that there is a lower incidence and
lower risk of falls and hip fractures in [Japanese people
both in Japan and in Hawaii than in caucasians in
Hawaii or on the mainland of the United States [10-13].
The incidence of hip fractures has been compared
between different countries in Asia, and between Hong
Kong and the UK [14-16]. The result showed that there
is a higher incidence in more urbanized countries.
A study in California showed a lower risk of hip fracture
in individuals who were classified as black, latino, or
Asian over a 5-year period, but non-English speakers
had higher rates of hip fractures [17].
There have been two previous Swedish cross-sec-

tional studies restricted to urban areas, one of which
focused on hip fracture and migration. In a study of
hip fractures in the elderly in Stockholm county, the
significance of country of birth was investigated. Non-
Scandinavian Europeans and women from Asia had a
significantly lower incidence of hip fracture. Women
from other Nordic countries, with the exception of
Swedes, had a numerically but not statistically signifi-
cantly lower incidence [6]. In another study, a trend
break in the earlier increase in hip fracture incidence
was found during the period 1992-1995. A possible
explanation of the finding was the increasing numbers
of non-Scandinavian immigrants living in the city of
Stockholm [18].
There have been no longitudinal studies on the possi-

ble influence of migration and of being a foreign-born
person on the risk and prevalence of hip fracture.
The aim of this study was to investigate whether pre-

valence of hip fracture and age when it occurs are influ-
enced by migration and by being born in a foreign
country.

Methods
This longitudinal study was based on national popula-
tion data. The total population of Sweden in 1970 was
8,081,142 and the study population consisted of 628,581
individuals, 321,407 of whom were Swedish-born and
307,174 of whom were foreign-born persons living in
Sweden. The original database was set up by CAFO (the
Centre for Labour Market Research) at Växjö University.
The data originated from Statistics Sweden (SCB) and
the Swedish National Board of Health and Welfare
Centre for Epidemiology, covering the period 1970-1999
and including all 361,974 foreign-born individuals aged
16 years or more who were registered as living in Swe-
den in 1970. In relation to sex the group of foreign-
born persons comprised of 168 702 men and 193 272
women. Thus there were more females then men. In
addition, 361,974 matched Swedish controls were added.
The matching criteria were age (± 3 years), sex, occu-

pation, type of employment, and living in the same
county in 1970. Three groups were used to describe the
type of employer: government, municipal, or other
employer. County meant any one of 25 different geogra-
phical areas of Sweden and occupation was coded
according to the Nordic Occupation Classification
System (NYK).
All data originated from the National Census of 1970,

which was a total census relating to the situation on
November 1, 1970. By using data (up to December 31,
1999) from the National Population Register (RTB), a
cross-check was performed and each person was assigned
a code according to whether they were deceased, were
still living in Sweden, or had emigrated–or if no informa-
tion was available. Information from the National Board
of Health and Welfare Centre for Epidemiology on cause
of death and hospital admissions was added to the data-
base. This Swedish national register of hospital care and
diagnosis, which is run according to the International
Classification of Diseases (ICD system), covers the period
from 1987 to the present.
Subjects were excluded if they had migrated, if they

had died before 1987, or if information from the follow-
ing census in 1990 was missing. Thus, 95,367 individuals
in total (13.2%) were excluded from the original data-
base. As a consequence of the exclusion criteria 30 247
Swedish born and 16 014 foreign-born persons did not
have a matched control person but 291 160 foreign-
born had their matched Swedish control. In total the
used database consisted of 307, 174 foreign-born and
321,407 Swedish born persons.
Those with occurrence of hip fracture were identified

by the ICD codes S720-S722 and 820 according to ICD
versions 9 and 10 [19,20], and time to first hip fracture
event was used in the statistical analysis.
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Statistical analysis
To start with, the analysis involved a comparison
between the total group of foreign-born individuals and
the group of Swedish-born individuals regarding the
number of hip fracture events. Analysis was also made
in relation to sex and country/region of birth. Natives
from the following countries were studied in particular:
Denmark, Finland, Norway/Iceland, Yugoslavia, Poland,
Germany, other European countries, and non-European
countries. The rationale for studying these particular
countries was that increased mortality had been shown
in these migrant groups in previous investigations [21],
and that they constituted the main groups (74.9%) of all
migrants in Sweden that were included in the database
during the period under study.
Values are given as numbers, means, and percentages.

Hip fracture risks were calculated as odds ratios (ORs)
with 95% confidence interval (CI). Comparisons were
made by tests of significance with the Chi-squared test.
A value of p < 0.05 was considered statistically significant
[22]. The importance of being foreign-born and of coun-
try of birth adjusted for age on the dependent variable
(hip fracture) was tested with logistic regression analysis.
A separate analysis was done for those considered to
have the highest risk of hip fracture, i.e. those who had
reached the age of 70 years or more during the study per-
iod (1987-1999). Cox regression analysis, adjusted for
age, was performed and included 14,884 individuals who
had emigrated during the period 1987-1999.
All analyses were performed using SPSS software

version 16.0.

Ethics
At the time of this study all Swedish Universities had
regional ethic committees and since national data were
used approval from both the Ethics Committee of Lund
University and all other local ethics committees in Swe-
den was obtained.

Results
The study population with the two groups of 307,174
foreign-born and 321,407 Swedish-born subjects had a
mean age in 1970 of 37.5 years and 37.9 years, respec-
tively. The percentage of women was significantly higher
in the foreign-born group, 54.3% versus 53.4% (p < 0.001).
A hip fracture event was found for 9,607 of the for-

eign-born individuals and for 12,452 of the Swedish-
born individuals. The majority of those in both groups
with a hip fracture event were women, 7,251 of the
9,607 foreign-born subjects (75%) and 8,897 of the
12,452 subjects who were Swedish-born (71.5%).
Mean age at study entry (1970) was noted. Foreign-

born men with a hip fracture had a mean age of 49.1

years (95% CI = 48.6, 49.6) while Swedish-born men
had a mean age of 49.7 years (95% CI = 49.3, 50.0).
The corresponding mean ages for women were 55.2
years (95% CI = 54.9, 55.4) and 54.4 years (95%
CI = 54.2, 54.7).
The distribution of country of birth among foreign

-born persons with a hip fracture event differed. Of all
patients who had had a hip fracture event, Finland
(26.6%) and other European countries (20.5%) were
most common as the country of birth for men, and
Finland (28.7%) and Iceland/Norway (21.3%) were most
common for women.

The risk of hip fracture
The risk of having a hip fracture event was signifi-
cantly higher for Swedish-born individuals (OR = 1.11,
95% CI = 1.095, 1.121) than for foreign-born indivi-
duals (OR = 0.87, 95% CI = 0.874, 0.901). Furthermore,
Cox analysis adjusted for age also showed that for for-
eign-born subjects there was a longer time before the
hip fracture event than for Swedish-born subjects.
When analyses were performed separately for men and
women in relation to country of birth, men had signifi-
cantly higher risk if their country of birth was Norway/
Iceland or if they were stateless, or if their country of
birth was not known. For males born in Poland,
Germany, or another European country, the risk was
significantly lower, although their mean age in 1970
was higher than in men born in Sweden; see Table 1.
Women showed a similar pattern, with significantly

higher risk for women born in Norway/Iceland, or a
non-European country, or if they were stateless, or if
their country of birth was unknown. A significantly
lower risk but at the same time a higher mean age in
1970 was found for women born in Poland or Germany;
see Table 2.

Age and hip fracture
The mean age when the hip fracture occurred was simi-
lar (p = 0.174) in foreign-born men (73.8 years, 95%
CI = 72.5, 73.5) and Swedish-born men (73.4 years, 95%
CI = 73.0, 73.8).
Foreign-born women had a significantly higher mean

age at their hip fracture event (78.9 years, 95%
CI = 78.7, 79.2) than Swedish-born women (78.2 years,
95% CI = 77.9, 78.4) (p < 0.001).
A separate analysis was performed on those subjects

who were considered to have the highest risk, those
who would have become 70 years of age or more dur-
ing the time period 1987-1999. No significant differ-
ences in mean age were found between foreign-born
and Swedish- born men or women in this age group in
relation to the time when the hip fracture occurred.
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Being foreign-born and hip fracture
Logistic regression analysis was performed to determine
the importance of being foreign-born, with adjustment
for age on the dependent variable hip fracture. Both age
and being foreign-born were significant factors
(p < 0.001); age had a OR = 1.10 and the corresponding
OR for being foreign born was 0.82. The importance of
being foreign-born and of country of birth, with adjust-
ment for age on the dependent variable hip fracture,
was also tested with logistic regression analysis, sepa-
rately for men and women; see Tables 3 and 4.
Being foreign-born was an independent risk factor,

with lower risk (OR = 0.47-0.77) of causing hip fractures
in men from all countries/regions of birth except Ice-
land/Norway (OR = 1.13), and in individuals who were
stateless or whose country of birth was unknown. Coun-
tries/regions of birth were also a significant independent

risk factor for hip fracture in women, except for women
born in Denmark. Except for Denmark the risk was
lower (OR = 0.42-0.88) in all other groups.
The importance of how long the foreign-born person

had lived in Sweden, adjusted for age, was also analyzed
with logistic regression analysis. Time in Sweden adjusted
for age was a significant factor (p < 0.001, B-value = 0.005,
annual OR = 1.005). When men and women were analyzed
separately, time in Sweden was significant for women
(p < 0.001, B-value = 0.005, annual OR = 1.01) but not for
men (p = 0.230, B-value = 0.003, annual OR = 1.00).
The group with 16, 014 foreign-born persons without

a Swedish twin had a significant higher mean age (54.3
vs. 37.5 years), a higher percentage of women (58.9% vs.
54.3%) and a significant higher percentage (10.1% vs.
3.1%) of fracture events than the foreign-born persons
with matched control.

Table 1 Characteristics of male subjects regarding country of birth, mean age, and incidence of hip fracture1

Country of birth Total
number

Mean
age in
1970

Hip
fracture

(n)

Hip
fracture
/10,000
person
years

OR p-value Mean no.
of years in
Sweden in

1970

Sweden 150,107 37.0 3,555 20.4

Denmark 12,753 39.9 305 21.9 1.01 0.868 11.8

Finland 52,317 32.7 627 10.5 0.58 < 0.001 12.9

Iceland/Norway 10,153 41.6 366 32.1 1.49 < 0.001 21.2

Yugoslavia 10,966 31.2 62 4.6 0.25 < 0.001 4.8

Poland 3,354 41.2 60 16.5 0.76 0.029 15.7

Germany 11,870 37.6 207 15.4 0.75 < 0.001 24.1

Other European country 28,354 38.3 484 15.2 0.75 < 0.001 20.9

Non-European country 10,641 39.4 235 20.4 0.94 0.294 31.5

Stateless/Unknown 121 41.0 10 82.6 3.71 < 0.001 31.0
1Adjusted for age

Table 2 Characteristics of female subjects regarding country of birth, mean age, and incidence of hip fracture

Country of birth1 Total
number

Mean
age in
1970

Hip
fracture

(n)

Hip
fracture
/10,000
person
years

OR p-value Mean no.
of years

in
Sweden
in 1970

Sweden 171,300 38.9 8,897 44.4

Denmark 11,733 40.7 633 47.7 1.04 0.343 22.7

Finland 74,770 35.3 2,079 23.6 0.61 < 0.001 18.8

Iceland/Norway 18,198 44.0 1,544 73.8 1.60 < 0.001 25.5

Yugoslavia 8,056 30.3 73 7.4 0.17 < 0.001 5.6

Poland 4,144 41.4 174 37.5 0.80 0.004 18.8

Germany 16,616 41.1 768 40.2 0.89 0.001 25.6

Other European country 23,430 41.9 1,209 44.4 0.99 0.827 24.3

Non-European country 9,529 45.3 753 75.2 1.52 < 0.001 34.2

Stateless/Unknown 169 48.6 18 106.5 2.17 0.001 20.6
1Sweden reference group
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Discussion
This is the first study with a 22-year follow-up, based on
a national and complete sample, to investigate whether
prevalence of and age when hip fracture occurs is influ-
enced by migration and by being foreign-born. The
main findings in the study were that after adjustment
for age, foreign-born individuals living in Sweden had a
reduced risk of hip fracture (OR = 0.82). Foreign-born
women generally sustained a hip fracture at a higher age
than Swedish-born women; the difference in age was 0.7
years. In foreign-born women, a longer time spent in
Sweden (adjusted for age) was associated with a small
but significantly increased risk of hip fracture.
Previous studies have shown an increased mortality

risk and a different pattern of morbidity in foreign-born
Swedes than in native Swedes [21,23]. The lower risk of
hip fractures in foreign-born individuals in Sweden con-
trasts with earlier findings of health outcomes in this
group. The result does, however, correspond to the only
earlier Swedish cross-sectional study of hip fractures in
migrants in Stockholm County, which was therefore
restricted to an urban area. Our study is also in agree-
ment with studies on hip fracture comparing European
countries, which have shown a lower risk in Central
Europe than in Northern Europe [3,24]. In earlier stu-
dies, country or region of origin and the environment

during childhood and adolescence has been found to
influence bone strength and to be of importance for the
risk of hip fractures [1,17]. Even if migrants adapt to
their new environment and to a new society, and accul-
turation takes place, the findings in this study stress the
importance of the first period of life, during which the
bone mass is established, in relation to the risk of hip
fracture. There is also a possibility that when migrants
enter a new society, some will still try to hold on to ear-
lier preferences such as diet [25]. This could have an
influence on the risk of hip fracture.
The result also corresponds to the finding that the

general health of a migrant population has often been
found to be better than that of the population of the
country they migrate to. This has been explained as a
“healthy migrant effect": migrants are a selection of the
whole population and only people with good health
migrate [26-28].
The increased risk of hip fracture found for foreign-

born men and women from Iceland/Norway, for indivi-
duals who were stateless or had unknown country of
birth, and for women from non-European countries can
be partially explained by a higher mean age. For women,
the increased risk is no longer evident when multifactor-
ial analysis is performed, with adjustment for age. Thus,
the increased risk is still evident for men when

Table 3 Multifactorial influence of country of birth on age-adjusted hip fracture in men, with Sweden as reference

Country of birth B S.E. p-value OR

Age Ethnicity Age Ethnicity Age Ethnicity Age Ethnicity

Denmark 0.082 -0.139 0.001 0.061 < 0.001 0.023 1.09 0.87

Finland 0.081 -0.268 0.001 0.045 < 0.001 < 0.001 1.09 0.77

Iceland/Norway 0.081 0.120 0.001 0.057 < 0.001 0.035 1.09 1.13

Yugoslavia 0.082 -0.757 0.001 0.130 < 0.001 < 0.001 1.09 0.47

Poland 0.082 -0.647 0.001 0.133 < 0.001 < 0.001 1.09 0.52

Germany 0.083 -0.421 0.001 0.074 < 0.001 < 0.001 1.09 0.66

Other European country 0.083 -0.467 0.001 0.050 < 0.001 < 0.001 1.09 0.63

Non-European country 0.082 -0.366 0.001 0.070 < 0.001 < 0.001 1.09 0.69

Stateless/Unknown 0.082 0.879 0.001 0.348 < 0.001 0.012 1.09 2.41

Table 4 Multifactorial influence of country of birth on age-adjusted hip fracture in women, with Sweden as reference

Country of birth B S.E p-value OR

Age Ethnicity Age Ethnicity Age Ethnicity Age Ethnicity

Denmark 0.092 -0.023 0.001 0.044 < 0.001 0.605 1.10 0.98

Finland 0.095 -0.290 0.001 0.026 < 0.001 < 0.001 1.10 0.76

Iceland/Norway 0.090 -0.211 0.001 0.030 < 0.001 < 0.001 1.09 0.81

Yugoslavia 0.092 -0.878 0.001 0.120 < 0.001 < 0.001 1.10 0.42

Poland 0.092 -0.405 0.001 0.081 < 0.001 < 0.001 1.10 0.67

Germany 0.093 -0.273 0.001 0.041 < 0.001 < 0.001 1.10 0.76

Other European country 0.093 -0.299 0.001 0.033 < 0.001 < 0.001 1.10 0.74

Non-European country 0.091 -0.132 0.001 0.042 < 0.001 0.002 1.10 0.88

Stateless/Unknown 0.092 -0.106 0.001 0.269 < 0.001 0.694 1.10 0.90
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multifactorial analysis is performed. There is a high inci-
dence of hip fracture in Norway as well as in Sweden.
The high incidence in both countries may be due to
similarities in diet, less exposure to ultraviolet radiation
in the Nordic countries, or lifestyle [29-31]. The lower
risk for men and women from Germany and Poland,
and men from other European Countries, cannot be
explained by differences in mean age but must be influ-
enced by other factors related to country of birth and
migration. Factors related to a person’s early environ-
ment such nutrition, physical activity, and exposure to
sun (influencing vitamin D metabolism), and genetic
factors are known to be important [2,3,17]. However in
this study we had no information about the individual’s
genetic poly morphology.
One factor that also could influence the demonstrated

lower risk for hip fracture is an increased mortality
among foreign-born persons. A higher mortality among
migrants in Sweden have been shown in earlier studies
(21, 23)
Another explanation might be the different situation

for foreign-born people regarding their working environ-
ment. Earlier studies showed that foreign-born indivi-
duals were working in more manual and physically
demanding occupations to a greater extent [32,33]. High
levels of physical activity are known to reduce the risk
of hip fracture [34,35].
Hip axis length has been shown to predict hip fracture

but no data were available to study if this differs
between Swedish and foreign-born persons in this study.
However studies have found no differences in hip axis
length in relation to ethnic background [36].
Body height and body fat composition could also

influence the risk of hip fracture events and an earlier
study have found differences between Swedes and for-
eign-born persons living in Sweden.
Foreign-born persons were found to be shorter

(2.4 cm for women and 2.9 cm for men) than Swedes,
have a higher Body Mass Index (BMI) and higher preva-
lence of obesity [37]. Lower height, higher BMI and obe-
sity could reduce the risk of risk fracture event.
The age when hip fracture occurred was different

(0.7 years later on average) only for foreign-born
women, and this may have some importance from a
public health point of view. This was not evident in the
70+ age group, where no differences were found. Frac-
ture events before the age of 70 years occur later in for-
eign-born women, and this may be a indication of less
osteoporosis due to the fact that peak bone mass was
established before the age of 25 in a country with more
sun exposure and higher bone mineral density (BMD)
and less co-morbidity predisposing for falls and [36,38].
The logistic regression analysis showed that country/

region of birth is an importance factor to consider in

relation to risk of hip fracture. The lower risk of hip
fracture in foreign-born individuals, except those from
Norway/Iceland, can influence the prevalence in the
total population. The percentage of foreign-born indivi-
duals has increased in Sweden, and today it is about
13% of the total population [7]. The decrease in hip
fracture incidence reported from the city of Malmö
could be the first sign of a change that is an effect of
migration and of a larger percentage of foreign born
persons in the Swedish population. This could have
implications for the future in terms of healthcare plan-
ning and costs for healthcare and society in general. In
1996, hip fractures accounted for 332,332 days of care
in hospital [37,39]. A total annual cost, including medi-
cal care, non-medical care, informal care, indirect costs,
and value of quality adjusted life years lost, for fractures
related to osteoporosis has been estimated to be 5,639
million Swedish crowns (600.3 million euros) in 2007
[38,40]. Migration and migrants are likely to contribute
to reduced costs for fractures in Swedish society.
In foreign-born women, a longer time spent in Sweden

was associated with a small but significantly increased
risk of hip fracture (after adjustment for age). The result
must be analyzed further, but could be an indication of
adjustment to a new society [39,41].
Because of differences in cultural background and

environment before and after migration, migration and
the number of migrants in a population could influence
the prevalence and risk of hip fractures. If an accultura-
tion process and an adaptation take place [25] preva-
lence and risk could be adjusted to become more
similar to the indigenous population as has been seen
for some other diseases such as gastric carcinoma and
diabetes [40,42,41,43]. If cultural values and habits are
maintained after the migration, the prevalence and risk
could be more similar to those in the migrant’s country
of origin.
The foreign group with no Swedish matched control

could influence the result but since this group has a
higher mean age, higher percentage of women and a
higher percentage of fracture events the result with
lower risk of hip fracture among foreign born persons
are not overestimated but instead rather been
underestimated.

Conclusion
The main findings of this study were the reduced risk of
hip fracture in foreign-born individuals, and the later
time for hip fracture but increased risk of hip fracture
in foreign-born women if they had spent a long time in
Sweden. These results indicate that migration is an
important factor to consider in relation to a possible
reduction in the high hip fracture prevalence risk seen
in the Scandinavian countries. Changes to a society in
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terms of a higher percentage of foreign-born individuals
can have a positive effect on one aspect of the health of
the population and can influence and even lower the
total cost of care regarding hip fracture.
This study of the prevalence and risk of hip fracture in

foreign-born individuals and native Swedes from 1987 to
1999 was based on national data from Statistics Sweden
and from the Swedish National Board of Health and
Welfare Centre for Epidemiology. The data from Statis-
tics Sweden consisted of 473,800 foreign-born indivi-
duals and 453,282 Swedish “controls”.
It was not possible to find native-born matched Swed-

ish controls for 20,518 of the foreign-born subjects. The
number of matching criteria has thus been a limiting
factor, but the matching has also lent strength to the
comparisons made between foreign-born individuals and
native Swedes, enabling us to control not only for age
and gender but also for occupation and geographical
area of living.
Thus, 97,367 individuals in total (13.2%) were

excluded from the original database. Exclusion criteria
were lack of information or if a person had emigrated
from Sweden. Those who had died before 1987 were
also excluded, since the Swedish national register of
hospital care and diagnosis (according to the Interna-
tional Classification of Diseases (ICD) system) covers
the period 1987 and onwards. Individuals with hip frac-
ture events were identified by the ICD codes S720-S722
and 820 [19,20] ensuring that no other osteoporotic
fracture types were included.
The study was based on a large sample of 628 581

individuals, 321,407 of whom were foreign-born and
307,174 of whom were Swedish-born “controls”.
Hip fracture were registered according to the system

of International Classification of Diseases (ICD) revision
9 (1997) or 10 (1998).
Classification of hip fracture was not dependent on

the individual physician and his/her transformation of
facts, symptoms, and signs into a specific diagnosis and
it is most unlikely that differences should not occur
between different physicians and between different hos-
pitals. Since hip fracture requires in-hospital care, only
few cases might have been missed during the study per-
iod since the inpatient registry is complete and covers
all hospitals in Sweden.
A limitation of the study was, however, that informa-

tion on some well-known risk factors for hip fractures,
such as smoking, alcohol consumption, dietary habits,
and BMI, was not available.
The database reflects the migrant population in Swe-

den in 1970. Further studies on the current population
Swedish are required, since the migration pattern has
changed from a large proportion of labour migrants to a
more mixed population, with more migrants coming

from non-European countries as refugees or asylum see-
kers the past decades.
The data used to establish the database originated

from the Population and Housing Census of 1970,
which is considered to be a total census, and it was
compulsory to take part. The number of dropouts has
not been estimated for the total census, only for some
of the variables such as “occupation”, and Statistics Swe-
den estimates that the dropout rate on this variable was
3.5-4.5%. It can only be speculated whether non-partici-
pation in the census was related to health problems, and
whether there were a number of migrants who did not
take part (as well as a number of Swedes). Other rea-
sons for migrants not participating in the census could
be language problems.
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