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Trends in Hip Fracture Incidence, Recurrence,  
and Survival by Education and Comorbidity: A Swedish 

Register-based Study
Anna C. Meyer,a Stina Ek,a Sven Drefahl,b Anders Ahlbom,a Margareta Hedström,c,d and Karin Modiga    

Background: Hip fractures are common and severe conditions 
among older individuals, associated with high mortality, and the 
Nordic countries have the highest incidence rates globally. With this 
study, we aim to present a comprehensive picture of trends in hip 
fracture incidence and survival in the older Swedish population strat-
ified by education, birth country, and comorbidity level.
Methods: This study is based on a linkage of several population reg-
isters and included the entire population over the age of 60 living 
in Sweden. We calculated age-standardized incidence rates for first 
and recurrent hip fractures as well as age-standardized proportions 
of patients surviving 30 and 365 days through the time period 1998 
to 2017. We calculated all outcomes for men and women in the total 
population and in each population stratum.
Results: Altogether, we observed 289,603 first hip fractures during 
the study period. Age-standardized incidence rates of first and recur-
rent fractures declined among men and women in the total popula-
tion and in each educational-, birth country-, and comorbidity group. 

Declines in incidence were more pronounced for recurrent than for 
first fractures. Approximately 20% of women and 30% of men died 
within 1 year of their first hip fracture. Overall, survival proportions 
remained constant throughout the study period but improved when 
taking into account comorbidity level.
Conclusions: Hip fracture incidence has declined across the Swedish 
population, but mortality after hip fracture remained high, especially 
among men. Hip fracture patients constitute a vulnerable population 
group with increasing comorbidity burden and high mortality risk.
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The Nordic countries have the highest incidence rates of hip 
fractures worldwide.1 In Sweden, one out of five women 

and one out of nine of men are expected to sustain a hip frac-
ture during their life.2 Being most common among the oldest 
old, hip fractures are debilitating conditions, which often have 
severe consequences including immobilization, loss of muscle 
mass, physical impairment, care-dependency, and a high risk 
of complications such as infections.3,4 As a result, more than 
20% of female patients, and more than 30% of male patients 
die within one year of sustaining a hip fracture.5,6 Despite 
declining incidence rates observed in many countries since 
the 1990s, population aging is projected to cause increasing 
numbers of hip fractures in the future.2,7–11

Although hip fracture incidence has declined in Sweden 
and in many other countries, mortality among hip fracture 
patients remains high.1,6–8,11–19 A growing body of research 
suggests that rising comorbidity levels among hip fracture 
patients may have contributed to the persistently high mor-
tality.12,15,19,20 These studies further suggest that mortality 
after hip fracture declined when taking into account the ris-
ing comorbidity levels among patients.12,15,19,20 This illustrates 
that a changing population composition, in this case increas-
ing shares of individuals with comorbidities, may influence 
trends observed in the total population and, as a result, con-
clusions drawn from epidemiologic research. It is likely that 
increasing comorbidity levels in the population have not only 
affected mortality but also impacted trends in hip fracture 

LWW

mailto:anna.meyer@ki.se
http://creativecommons.org/licenses/by-nc-nd/4.0/@line 3@@line 3@@line 3@@line 3@
http://creativecommons.org/licenses/by-nc-nd/4.0/@line 3@@line 3@@line 3@@line 3@
http://creativecommons.org/licenses/by-nc-nd/4.0/@line 3@@line 3@@line 3@@line 3@


	 Epidemiology  •  Volume 32, Number 3, May 2021Meyer et al.

426  |  www.epidem.com	 © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

incidence and recurrence rates. Hip fractures have been post-
poned to higher ages2 at which patients may be frailer and 
more frequently affected by comorbidities. It is thus possible 
that survivors are at higher risk of sustaining a second fracture; 
however, few studies have examined trends in hip fracture 
recurrence or the impact of changing comorbidity levels on 
the incidence of first and recurrent fractures in the population.

Population aging has not only been accompanied by a 
trend toward higher prevalence of many chronic conditions 
and multimorbidity among the old21,22 but also by an edu-
cational expansion and increase in international migration. 
Previous research has shown that both incidence of and mor-
tality after hip fracture vary between men and women2,7–12,23 
as well as between socioeconomic24–35 and ethnic10,36–39 
groups. Hip fractures are considerably more common among 
women than among men,2,7–10 but men are at higher risk of 
death after experiencing a hip fracture.2,10,12,23 Furthermore, 
while research on socioeconomic disparities in hip fracture 
incidence yielded inconsistent results,24–28,35 many studies 
found that low socioeconomic position is associated with 
higher mortality after hip fracture.4,29–34 Data from Sweden 
indicate that higher education may be associated with a lower 
fracture risk among women but not men24 and with lower 
mortality after hip fracture among both genders.33 Ethnic dif-
ferences in fracture incidence are well-known with Caucasian 
men and women being at higher risk in both Europe and North 
America,10,36–39 but research on ethnic differences in mortality 
after hip fracture is not available for the Nordic countries.

Despite these established differences in hip fracture inci-
dence and mortality between population strata, evidence on 
secular trends is rare. However, it is important to monitor dis-
ease incidence and mortality in population groups to improve 
the understanding of trends observed in the total population 
and to allow the identification of vulnerable individuals. Such 
knowledge will, moreover, support decision-makers and health-
care professionals to allocate resources in accordance with the 
needs of the population, for instance by prioritizing interven-
tions for those with the greatest need. With this study, we pres-
ent secular trends in hip fracture incidence and mortality in the 
Swedish population over the age of 60 between 1998 and 2017 
and explore whether trends have developed in a similar pattern 
among individuals with different educational and comorbidity 
levels, as well as among individuals with migration background.

METHODS

Data and Variables
The entire population over the age of 60 living in 

Sweden at any point between 1998 and 2017 was identified 
in national registers. Several administrative registers were 
linked using the personal identity number assigned to all resi-
dents of Sweden; a description of all data sources is provided 
in eFigure 1; http://links.lww.com/EDE/B772. Hip fracture 
diagnoses were retrieved from the National Patient Register 

(NPR), which contains all hospital admissions within Sweden 
since 1987 including International Classification of Diseases 
(ICD)-diagnoses assigned by physicians. Previous studies 
demonstrated high levels of validity and completeness for hip 
fracture diagnoses in administrative inpatient registers includ-
ing the Swedish NPR.40–43

We defined incident hip fractures through ICD-codes 
820 (ICD-9) and S720-722 (ICD-10) occurring as primary 
causes for hospitalization in the NPR. These codes have been 
commonly used in previous studies on hip fracture incidence 
and mortality as well as in validation studies of hip fracture 
diagnoses in administrative data.40–42,44 Due to their different 
etiology and survival chances, we did not include pathologic 
hip fractures. First hip fractures were defined as a person’s first 
hospitalization due to hip fracture in the NPR. Since the NPR 
has nationwide coverage since 1987, the prevalence of prior 
hip fractures could be traced back for at least 11 years for 
each person. A hospitalization for hip fracture at least 14 days 
after a previous hospital admission for hip fracture was con-
sidered a recurrent event. Thus, for the estimation of recurrent 
(i.e., second) hip fracture incidence, individuals were at risk 
from 14 days after their first hip fracture. These definitions of 
first and recurrent fractures were chosen in accordance with a 
previous study comparing diagnoses in the Swedish NPR to 
clinically confirmed hip fracture records in the Swedish Hip 
Fracture Register (RIKSHÖFT).44

Educational level was defined as a person’s highest 
achieved level of education distinguishing between compul-
sory education (up to 8–9 years, depending on birth cohort) 
and more than basic education. We chose to examine educa-
tional level rather than other socioeconomic indicators owing 
to its stability over the life course, its association with health-
related behaviors and other indicators of socioeconomic 
position, and high level of coverage in population registers 
among individuals born from 1911 onwards. Birth coun-
try was divided into three groups: Sweden, the other Nordic 
countries (Denmark, Finland, Iceland, Norway), and other 
countries. Charlson comorbidity index (CCI) scores45,46 were 
calculated based on diagnoses made during previous hospital 
admissions. In each year of the study period, all primary and 
secondary diagnoses within the past 10 years were taken into 
account to estimate CCI scores. Individuals who emigrated 
from Sweden were censored at the time of their emigration. 
Data linkage were conducted by Statistics Sweden, and the 
researchers received a pseudonymized dataset. All data were 
available up to 31 December 2017.

Calculation of Incidence Rates and Survival
Incidence rates of first and recurrent hip fractures were 

calculated as number of hip fractures divided by person–years at 
risk in each population group. To reduce random fluctuations in 
yearly rates owing to small numbers of fractures, we estimated 
all rates as an average of 4-year intervals, that is, for 1998–
2001, 2002–2005, 2006–2009, 2010–2013, and 2014–2017. 
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We calculated survival during the first 30 days and the first 
year after hip fracture as the proportion of hip fracture patients 
alive at 30 days or 1 year after their fracture, respectively. We 
age-standardized incidence rates and survival proportions using 
direct standardization. Since established standard populations 
have different age structures than the population of older hip 
fracture patients, we used our own data as a standard. We used 
the total Swedish population in the middle of the study period 
(2008) as the standard population for the incidence of first frac-
tures. For the calculation of recurrent fracture rates and survival 
proportions, the population of patients with first hip fracture 
in 2008 was used as standard population. We estimated 95% 
confidence intervals using the normal approximation method. 
Educational level was not recorded for most men and women 
born before 1911 in the Swedish registers; hence, we restricted 
the analyses of educational groups to individuals up to age 90.

To examine how changes in health status of hip frac-
ture patients over time influenced trends in survival after hip 
fracture in the general population, we estimated time trends in 
mortality risk after first hip fracture using Cox proportional 
hazard regression with age as the underlying time scale. In 
these analyses, we defined health status as the CCI score 
at the time of the fracture. The proportionality of hazards-
assumption was tested through Schoenfeld residuals and log-
log plots. All analyses were stratified by sex and conducted in 
Stata version 14.2 and R version 3.6.1.

Sensitivity Analyses
Data available in the NPR do not allow to distinguish 

between hospitalizations for an incident hip fracture and 
hospitalizations owing to complications and readmissions 
for a previous fracture. Therefore, researchers need to define 
recurrent fractures carefully. In this study, recurrent frac-
tures are defined through hospitalizations with hip fracture 
as primary cause occurring at least 14 days after admission 
for a previous fracture. We have shown that this definition 
is reasonable in a recent validation study, although it may 
result in some overestimation of the incidence of recurrent 
fractures.44 To reduce the risk of misclassifying hospitaliza-
tions owing to complications of a previous fracture as inci-
dent recurrent fractures, we conducted sensitivity analyses 
increasing the time from which a person begins to be at 
risk for a recurrent fracture from 14 to 90 days. However, 
it should be noted that this strategy may instead lead to an 
underestimation of recurrent fracture incidence since many 
recurrent fractures occur within the first 3 months after the 
first. We conducted analyses using the Swedish Hip Fracture 
Register, which includes clinically confirmed fractures only, 
finding than 10% of second hip fractures occurred within 90 
days after the first fracture and roughly 1% occurred within 
the first 14 days.

Ethical Approval and Consent to Participate
This study was approved by the regional ethics com-

mittee in Stockholm (permit numbers Dnr 2011/136-31/5 

and Dnr 2015/1917-32). The board waived the need for 
patient consent.

RESULTS
During the study period, we observed 289,603 first hip 

fractures, 69% of which occurred among women. Despite a 
growing and aging population, the total number of annual first 
hip fractures decreased by 16% from 15,393 fractures in 1998 
to 13,148 fractures in 2017. However, the number of fractures 
increased among men. Table  1 shows the characteristics of 
patients at the time of their first hip fracture. In 1998–2001, 
6.0% of patients were born outside Sweden, but the proportion 
of foreign-born men and women increased during the study 
period to 9.5% in 2014–2017. The group of individuals born 
outside the Nordic countries was heterogeneous with a majority 
(69.4%) born in other European countries, 16.3% born in Asian, 
5.0%, in South American, and 3.7% in African countries. We 
found trends toward patients being older, having higher educa-
tion, and having a higher comorbidity level over time. While the 
median age at first hip fracture increased by 1.2 years among 
both sexes, the proportion of hip fracture patients with a CCI of 
two or more increased by 14 percentage points among women 
and 19 percentage points among men during the study period. 
In 1998–2001, approximately 7% of patients experienced a 
recurrent fracture within 1 year of their first fracture and this 
proportion was reduced to 4% in 2014–2017. The proportion 
of patients alive 30 days after their first fracture decreased 
among men and women, while the proportion alive after 365 
days declined among women but remained stable among men. 
Approximately 20% of women and 30% of men died during the 
first year after experiencing their first hip fracture.

Incidence Rates of First and Recurrent Hip 
Fractures

Incidence rates of first hip fracture were higher among 
women than among men and rose with increasing age (Figure 1, 
eFigure 2; http://links.lww.com/EDE/B772). We observed the 
highest incidence rates of approximately 50 hip fractures per 
1000 person–years among women aged 95 and older. Fracture 
risk was higher among individuals with low educational level 
than among individuals with higher education. At the end of 
the study period, the age-standardized incidence of first frac-
tures was 4.3 and 6.2 fractures per 1,000 person–years among 
men and women with basic education compared with 3.7 and 
5.6 fractures per 1,000 person–years among men and women 
with higher education. Swedish-born individuals were at con-
siderably higher risk of sustaining a hip fracture than those 
born outside the Nordic countries. Compared with individuals 
born in the other Nordic countries, however, there were no dif-
ferences in incidence rates. Aside from age, comorbidity level 
was the strongest predictor for fracture risk; age-standardized 
incidence rates were more than twice as high among men and 
women with a CCI score of two or more than among those 
with a CCI score of zero.

http://links.lww.com/EDE/B772
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Throughout the study period, incidence rates declined 
both among men and women in all age groups (eFigure 2; 
http://links.lww.com/EDE/B772). In the total population, the 

age-standardized incidence of first hip fractures declined by 
approximately 20% from 8.9 to 6.6 fractures per 1,000 person 
years among women and from 5.6 to 4.6 fractures per 1,000 

TABLE 1.  Characteristics of Patients With First Hip Fracture During the Study Period 1998–2017

 Women (N = 200,172)

 1998–2001 2002–2005 2006–2009 2010–2013 2014–2017

Number of patients 43,248 41,355 40,206 38,759 36,604

Age, n (%)      

  60–69 2,980 (6.9) 2,832 (6.9) 3,144 (7.8) 3,337 (8.6) 3,003 (8.2)

  70–79 11,415 (26.4) 9,923 (24.0) 8,787 (21.9) 8,253 (21.3) 8,338 (22.8)

  80–89 21,644 (50.1) 21,001 (50.8) 20,238 (50.3) 18,401 (47.5) 16,434 (44.9)

  90+ 7,209 (16.7) 7,599 (18.4) 8,037 (20.0) 8,768 (22.6) 8,829 (24.1)

Educational level, n (%)      

  Basic 23,533 (54.4) 24,865 (60.1) 24,188 (60.2) 21,861 (56.4) 18,255 (49.9)

  Higher education 9,446 (21.8) 11,965 (28.9) 14,270 (35.5) 16,041 (41.4) 17,819 (48.7)

  Educational level missingd 10,269 (23.7) 4,525 (10.9) 1,748 (4.4) 857 (2.2) 530 (1.5)

Birth country, n (%)      

  Sweden 40,549 (93.8) 38,435 (92.9) 37,047 (92.1) 35,175 (90.8) 33,007 (90.2)

  Other Nordic countries 1,505 (3.5) 1,648 (4.0) 1,814 (4.5) 2,022 (5.2) 1,937 (5.3)

  Other birth country 1,194 (2.8) 1,272 (3.1) 1,345 (3.4) 1,562 (4.0) 1,660 (4.5)

CCI at fracture, n (%)      

  0 20,157 (46.6) 18,066 (43.7) 15,957 (39.7) 12,884 (33.2) 11,626 (31.8)

  1 13,820 (32.0) 13,291 (32.1) 13,151 (32.7) 12,886 (33.3) 12,019 (32.8)

  2+ 9,271 (21.4) 9,998 (24.2) 11,098 (27.6) 12,989 (33.5) 12,959 (35.4)

Surviving 30 daysa (%) 95.5 94.7 94.1 93.6 93.9

Surviving 365 daysb (%) 79.5 78.9 78.2 77.5 78.1

Recurrent fracture within 365 daysc (%) 7.1 5.5 5.4 4.6 4.1

 Men (N = 89,431)

 1998–2001 2002–2005 2006–2009 2010–2013 2014–2017

Number of patients 17,155 17,438 18,130 18,569 18,139

Age, n (%)      
  60–69 1,857 (10.8) 1,959 (11.2) 2,350 (13.0) 2,493 (13.4) 2,275 (12.5)
  70–79 5,491 (32.0) 4,854 (27.8) 4,588 (25.3) 4,589 (24.7) 4,904 (27.0)
  80–89 7,742 (45.1) 8,340 (47.8) 8,584 (47.4) 8,476 (45.7) 7,710 (42.5)
  90+ 2,065 (12.0) 2,285 (13.1) 2,608 (14.4) 3,011 (16.2) 3,250 (17.9)
Educational level, n (%)      
  Basic 8,907 (51.9) 9,667 (55.4) 9,825 (54.2) 9,279 (50.0) 8,329 (45.9)
  Higher education 5,130 (29.9) 6,452 (37.0) 7,758 (42.8) 8,991 (48.4) 9,578 (52.8)
  Educational level missingd 3,118 (18.2) 1,319 (7.6) 547 (3.0) 299 (1.6) 232 (1.3)
Birth country, n (%)      
  Sweden 16,260 (94.8) 16,368 (93.9) 16,877 (93.1) 17,118 (92.2) 16,616 (91.6)
  Other Nordic countries 490 (2.9) 548 (3.1) 659 (3.6) 727 (3.9) 746 (4.1)
  Other birth country 405 (2.4) 522 (3.0) 594 (3.3) 724 (3.9) 777 (4.3)
CCI at fracture, n (%)      
  0 6,219 (36.3) 5,763 (33.1) 5,484 (30.3) 4,369 (23.5) 4,052 (22.3)
  1 5,678 (33.1) 5,595 (32.1) 5,474 (30.2) 5,312 (28.6) 5,048 (27.8)
  2+ 5,258 (30.7) 5,258 (30.7) 7,172 (39.6) 8,888 (47.9) 9,039 (49.8)
Surviving 30 daysa (%) 90.5 88.9 88.5 88.2 88.8
Surviving 365 daysb (%) 67.4 66.9 67.0 67.1 67.9

Recurrent fracture within 365 daysc (%) 6.4 5.0 4.6 4.1 3.7

aPatients with hip fracture in December 2017 excluded.
bPatients with hip fracture in 2017 excluded.
cAmong patients alive after 365 days.
dPrimarily due to missing registration of educational level for individuals born before 1911 in Swedish population registers.
CCI, Charlson Comorbidity Index score.
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person–years among men (Figure  1, eTable 1; http://links.
lww.com/EDE/B772). Declines in age-standardized inci-
dence rates were observed in all population strata. Relative 
declines were overall smaller among men than among women 
and ranged from 14% among men born outside of the Nordic 
countries to 33% among women born in the Nordic countries 
outside of Sweden.

The age-standardized incidence of recurrent fractures 
was higher than the incidence of first fractures. However, the 
incidence of recurrent fractures showed a stronger decline over 
time than the incidence of first fractures (Figure 2, eTable 1; 
http://links.lww.com/EDE/B772). In contrast to the incidence 
rates for first fractures, the incidence of recurrent fractures 
was similar for men and women as well as between population 
groups defined by educational level and birth country. Among 
men, the age-standardized incidence of recurrent hip frac-
tures decreased from 66.0 fractures per 1,000 person–years in 
1998–2001 to 34.3 fractures in 2014–2017. Among women, it 

decreased from 69.7 to 37.3 fractures per 1,000 person–years. 
Patients with higher comorbidity level at the time of their first 
hip fracture were at elevated risk of sustaining a recurrent 
fracture. In 2014–2017 men and women with a CCI score of 
two or more had an age-standardized incidence of 40.8 and 
39.7 recurrent fractures per 1,000 person–years although the 
incidence was 33.8 and 31.4 recurrent fractures per 1,000 per-
son–years among men and women with a CCI score of zero, 
respectively. Increasing the time from which a person is at 
risk for a recurrent fracture from 14 to 90 days yielded similar 
results (eFigure 3; http://links.lww.com/EDE/B772).

Survival After Hip Fracture
Figures  3 and 4 show the age-standardized propor-

tion of patients with first hip fracture that survived at least 
30 and 365 days throughout the study period. Mortality was 
generally higher among men than among women. During the 
study period, age-standardized survival proportions remained 

FIGURE 1.  Age-standardized incidence rates of first hip frac-
tures (rates per 1000 person–years) by comorbidity level, 
educational level, and birth country among men and women 
1998–2017. Incidence by educational level includes individu-
als up to age 90 only. CCI, Charlson Comorbidity Index score.

FIGURE 2.  Age-standardized incidence rates of recurrent hip 
fractures (rates per 1,000 person–years) by comorbidity level, 
educational level, and birth country among men and women 
1998–2017. Incidence by educational level includes individu-
als up to age 90 only. CCI, Charlson Comorbidity Index score.
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overall unchanged in the general population, within educa-
tional groups, and within population groups defined by birth 
country. Nevertheless, 1-year survival improved substantially 
within groups defined by CCI score among both men and 
women (Figure 4, eTable 1; http://links.lww.com/EDE/B772). 
For example, the age-standardized proportion of patients 
with a CCI score of two or more surviving at least 365 days 
increased from 49% to 57% among men and 72% to 78% 
among women throughout the study period.

In accordance with these findings, our Cox regression 
models adjusted for age only indicated stable mortality rates 
throughout the study period among men and slightly increas-
ing mortality among women (Table  2). However, mortality 
rates declined when additionally adjusting for comorbidity 
level. When we adjusted for CCI score, the hazards of dying 
within the first year of sustaining a hip fracture were 13% 
among women and 21% lower among men in 2013–2017 

compared with 1998–2011. Although we detected slight 
deviations from proportional hazards, hazard functions did 
not cross and restrictions of follow-up to time periods under 
which the proportional hazards assumption was met did not 
change the results notably.

DISCUSSION
During the past 20 years, incidence rates of hip fracture 

have declined across the Swedish population. Our study dem-
onstrates that declines in hip fracture incidence are not lim-
ited to certain population strata. In fact, improvements were 
observed among men and women of all age groups regardless 
of educational level, comorbidity level, and birth country—
both for first and recurrent hip fractures.

Despite declining incidence rates, however, survival 
chances among affected individuals did not improve in the 
total population. Especially among men, mortality remained 

FIGURE 3.  Age-standardized proportion of patients with first 
hip fracture surviving 30 days by comorbidity level, educa-
tional level, and birth country among men and women 1998–
2017. Survival by educational level and birth country includes 
individuals up to age 90 only. CCI, Charlson Comorbidity 
Index score.

FIGURE 4.  Age-standardized proportion of patients with first 
hip fracture surviving 365 days by comorbidity level, educa-
tional level, and birth country among men and women 1998–
2017. Survival by educational level and birth country includes 
individuals up to age 90 only. CCI, Charlson Comorbidity 
Index score.
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substantial throughout the study period with almost one-
third of men dying within 1 year. These findings are in line 
with several previous studies from the Nordic and other 
countries.2,5–9,11,12,16,19,20,47,48 We further show that the lack 
of mortality improvements is at least partly attributable to 
an increasing comorbidity burden among patients and that 
mortality declined when accounting for patients’ comorbidity 
level.

Several explanations for the substantial declines in hip 
fracture incidence have been put forward. Improved diagnosis 
and treatment of osteoporosis may have contributed to reduc-
tions in fracture risk, but a few studies suggest that osteo-
porosis treatment cannot completely explain the observed 
improvements in incidence.7,48 In addition, fall prevention may 
have improved, for instance through increased uptake of walk-
ing aids and home adjustments.13,17,49 The rising prevalence of 
overweight among the old is another suggested mechanism, 
since a higher body mass index is associated with lower hip 
fracture risk that is largely explained by increased bone min-
eral density.7,50 On the other hand, overweight increases the 
risk of many comorbidities which in turn may elevate fracture 
risk. Furthermore, several authors hypothesized that general 
trends toward a better functional status among older men and 
women from later-born cohorts contributed to their declin-
ing hip fracture risk.7,8,18 Such cohort effects could be attrib-
utable to lifestyle factors including nutrition and vitamin D 
supplementation, smoking, exercise, or working conditions 
throughout the life course.7,8,18 Nevertheless, this hypothesis 
is challenged by the increasing comorbidity levels among 
hip fracture patients. This rising comorbidity burden is likely 
driven by population aging and a longer survival with chronic 
conditions such as cardiovascular diseases and diabetes. 
However, it may also reflect improved diagnostic procedures 
or changes in comorbidity documentation in the registers 
rather than a worsening health status per se.

The longer survival after a first hip fracture could 
potentially increase the risk of recurrent fractures. Despite 
this, trends in the incidence of recurrent hip fractures have 
rarely been studied. In this study, we found steep declines in 

recurrent fracture rates in all population strata. In contrast, 
Omsland and colleagues examined the incidence of second 
hip fractures between 1999 and 2008 in Norway and found 
a stable incidence of second fractures.18 A possible explana-
tion for the difference to our findings might lie in the fact that 
Omsland et al. considered recurrent fractures within one year 
after index fracture only.18 It is possible that improvements in 
recurrent fracture rates were less pronounced within the first 
year after a hip fracture. The mechanisms behind the declin-
ing incidence of recurrent fractures are likely similar to those 
affecting the incidence of first fractures. In addition, more 
aggressive treatments of osteoporosis, often not detected until 
an osteoporotic fracture has occurred,51 may have enhanced 
the prevention of subsequent fractures.14

The risk of overestimating the incidence of recurrent 
fractures when using data from administrative inpatient reg-
isters should be considered. Repeated hospital admissions 
for hip fracture may partly consist of readmissions due to a 
previous fracture rather than incident recurrent fractures. We 
investigated the potential overestimation in the Swedish inpa-
tient register in a previous study44 and found that the number 
recurrent fractures may be overestimated by approximately 
10% when applying the definition used in this study. We see 
little reason to believe that this proportion varied substantially 
over time. Thus, this may have affected the level of recurrence 
rates but it unlikely to have caused the pronounced declines 
observed in this study. Furthermore, our sensitivity analyses 
extending the time between two fractures from 14 to 90 days 
produced trends similar to our main findings.

In line with our findings, various studies have reported 
stagnating or only slowly declining mortality rates among hip 
fracture patients12,15,16,19 although life expectancy rose mark-
edly in the general population.8,15,17,18 Even though the lack 
of mortality improvements is at least partly explained by ris-
ing comorbidity levels among patients, it is still possible that 
changes in treatment and care, such as a trend towards shorter 
hospitalizations, have negatively affected survival chances. 
Indeed, one Swedish study showed that hospitalizations of hip 
fracture patients have become shorter during the past decades 

TABLE 2.  Hazard Ratios for Mortality During the First 365 Days After First Hip Fracture

 Women (N = 199,831) Men (N = 89,145)

 
M1

HR (95% CI)
M2

HR (95% CI)
M1

HR (95% CI)
M2

HR (95% CI)

Year     

  1998–2001 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

  2002–2005 1.01 (0.98, 1.04) 0.98 (0.92, 1.03) 1.01 (0.97, 1.04) 0.98 (0.91, 1.05)

  2006–2009 1.03 (1.00, 1.06) 0.93 (0.88, 0.98) 0.99 (0.95, 1.02) 0.91 (0.85, 0.97)

  2010–2013 1.05 (1.02, 1.08) 0.90 (0.86, 0.95) 0.97 (0.94, 1.01) 0.84 (0.79, 0.90)

  2014–2017 1.06 (1.02, 1.09) 0.87 (0.82, 0.92) 0.98 (0.94, 1.02) 0.83 (0.77, 0.88)

M1 adjusted for age; M2 adjusted for age and CCI score.
CCI, Charlson Comorbidity Index score; CI, confidence interval; HR, hazard ratio.
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and that shorter stays in hospital were associated with higher 
mortality after discharge.52

Although some studies indicated elevated postfrac-
ture mortality among individuals with low socioeconomic 
status,29–32,34 educational disparities in survival were nonsig-
nificant in this study. Moreover, educational disparities in hip 
fracture incidence were small. It is possible that this finding is 
limited to the Nordic countries where hip fracture incidence 
is high and social inequality – at least comparatively—low. 
Nevertheless, two register-based studies from other Nordic 
countries reported approximately 20% reduced 30-day and 
1-year mortality risks after hip fracture among individuals with 
completed university education compared with those with basic 
education.29,32 In this study, we merely distinguished between 
two educational categories which are only a crude proxy for 
socioeconomic position attained later in life, especially among 
the old. It is thus possible that larger socioeconomic dispari-
ties in hip fracture risk come to light when considering a more 
fine-grained categorization of education or other indicators of 
socioeconomic position, such as income or former occupation.

Hip fracture incidence in the Nordic countries exceeds 
those in most other countries globally.1 This pattern is also 
evident within the Swedish population; foreign-born men and 
women had a lower risk of sustaining a hip fracture than those 
born within the Nordic countries. A similar result has been 
found in a previous Swedish study,38 but mechanisms behind 
this finding remain to be studied further. Individuals born 
outside the Nordic countries constitute a diverse population 
group and birth country may be associated with fracture risk 
through different pathways including genetic predisposition, 
health-related behaviors, exposure to environmental factors, 
or selection processes such as the “healthy-migrant effect.”1,38

One limitation of our work is that we merely used the 
CCI score to measure comorbidity and did not examine the 
impact of specific comorbidities or other risk- and lifestyle 
factors on observed trends. Future epidemiologic research 
should investigate how specific comorbid conditions or fac-
tors such as obesity, smoking, and diet have affected trends 
in hip fracture incidence, recurrence, and survival. This will 
further facilitate prevention efforts aimed at reducing fracture 
risk and mortality. Examining the role of other established risk 
factors such as bone mineral density, length of hospital stay, 
treatment, or rehabilitation may further improve the under-
standing of trends in hip fracture epidemiology.

Mortality during the first year after hip fracture is 
at least 50% higher among men than women.2,10,12,23 In our 
study men carried a higher comorbidity burden than women 
despite being younger when affected by hip fracture, which 
is in line with another study that associated male sex with a 
higher comorbidity level and a higher risk of severe adverse 
outcomes such as pneumonia or cardiac complications.23 In 
accordance with previous findings,6–9,11,12 declines in the inci-
dence of first hip fracture were also less pronounced among 
men than women. Although studies suggest that osteoporosis 

is undertreated among both sexes, men may face an even 
higher risk to receive insufficient treatment than women.51,53 
Older men are therefore an important target for hip fracture 
prevention measures and their higher mortality after hip frac-
ture deserves scientific and medical attention.

CONCLUSION
The incidence of both first and recurrent hip fractures 

has declined throughout the Swedish population during the 
past 20 years. Improvements have occurred among men and 
women in all educational groups, comorbidity levels, and 
among Swedish-born and those with migration background. 
As a result of increasing numbers of comorbidities, however, 
survival chances among hip fracture patients remained essen-
tially unchanged. Especially male hip fracture patients consti-
tute a vulnerable population group characterized by increasing 
comorbidity levels and high mortality.
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