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Abstract
Summary Sickness absence is a risk marker for future health
outcomes, but no previous studies have examined its associ-
ation with osteoporotic fractures in old age. The results of this
prospective population-based cohort study based on Swedish
registers suggest that sickness absence is associated with
higher risk of hip fracture.
Introduction Number of sick leave days is a risk marker for
future health outcomes, but few studies have examined its
association with major public health concerns in old age, such
as osteoporotic fractures. The aim of this prospective, nation-
wide, population-based cohort study based on Swedish regis-
ters was to investigate the association between number of sick
leave days and future risk of hip fracture.
Methods Participants included were all 983,244 individuals
who were living in Sweden on 31 December 1995, aged 50 to

64 years, employed, and with no previous hip fracture. Those
with sick leave days in 1995 were compared to those with no
sickness absence. Incidence of hip fracture was followed from
1996 to 2010.
Results According to Cox regression models adjusted for
sociodemographic factors and morbidity, being on sick
leave more than 3 months, irrespective of cause, was
associated with a 2.0-fold (hazard ratio (HR) 1.96, 95 %
confidence interval (CI) 1.74–2.20) and 1.4-fold (HR 1.40,
95 % CI 1.27–1.56) increased risk of hip fracture in men
and women, respectively. Analyses repeated among those
with previous non-hip fractures replicated the significant
associations.
Conclusion This nationwide cohort study suggests that sick-
ness absence in working-age women and men is a risk marker
of hip fracture at old ages.
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Introduction

Long-term sick leave is recognized as a useful measure of
global health in studies of working populations [1, 2] as well
as of social consequences of morbidity [3]. Several epidemi-
ological studies have also shown that extended sick leave is a
risk marker for a range of future health outcomes, such as
sustained suboptimal health [4], disability pension [5–7], and
all-cause and cause-specific mortality [8, 2, 9–11]. This sug-
gests that sick leave is not only a marker of concurrent health
status but can also be seen as a predictor of sustained subop-
timal health over time. Moreover, long-term sick leave may
entail unintended or unexpected negative “side effects” on
physical or mental health, such as reduced psychological
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well-being, inactivity, isolation, and impaired sleep [12, 13].
Such adverse consequences of long-term sick leave may have
long-lasting impact on health later in life.

In working populations, number of sick leave days has
been shown to provide important prognostic information for
conditions of major public health relevance [14]. However,
most studies have used premature death as the outcome while
specific types of morbidities have rarely been studied and we
have found no studies on hip fractures as the outcome. It is of
interest to examine whether sick leave could be an early
prognostic marker of osteoporotic fractures, a major public
health concern in the older population [15]. Of all
osteoporosis-related fractures, hip fracture is the most adverse,
both in terms of mortality [16–19] and economic expenditure
[20, 21]. Hip fracture has also a great negative impact on older
people’s lives because of pain, reduced functioning, and im-
paired quality of life [22–24].

To address this limitation, the aim of the present study was
to examine, for the first time, the association between length
of sick leave in working age and incidence of hip fracture at
old ages accounting for previous non-hip fractures, which are
among the main risk factors for subsequent hip fracture
[25–27]. Since both the rates of sick leave [28, 29] and the
incidence of hip fractures [30] differ between women and
men, and the mechanismmight vary with gender, we conduct-
ed analyses separately for men and women.

Methods

Study design and population

A prospective population-based cohort study with a 15-year
follow-up was conducted. Included were all 1,408,011 indi-
viduals whowere 50 to 64 years of age and registered as living
in Sweden on 31 December 1994 and were working during
the year 1995.

Data for definition of the cohort and on potential con-
founders (age, sex, country of birth, marital status, educational
level, sick leave and disability pension in 1995, and on emi-
gration up through 2010) was obtained from Statistics Swe-
den. For all cohort members, annual data from two nation-
wide, population-based registers were linked by using the
unique ten-digit number assigned to all Swedish residents
from the inpatient register regarding hospitalization in 1990–
2010 and date of deaths in 1995–2010 from the Cause of
Death register, both kept by the National Board of Health
and Welfare. The study was approved by the Regional Ethical
Board of Stockholm, Sweden.

Figure 1 shows the flow of the participant selection. We
excluded people not at risk for sickness absence in 1995, e.g.,
people on disability pension and people who in 1995 had an
income below 10,000 SEK from work and/or benefits such as

unemployment, sickness absence, student benefits, or parental
leave, and people having had a previous hip fracture in the
years 1964–1995. After these exclusions, the total cohort
consisted of 983,246 individuals (514,901 men and 468,325
women).

Sick leave

In Sweden in 1995, people aged 16–65 with reduced
work capacity due to disease or injury could be on sick
leave with sickness benefits if having income from
work or unemployment or other benefits exceeding
10,000 SEK. The sickness benefits covered up to
80 % of lost income. The first sick leave day was a
qualifying day with no benefits. After the seventh sick
leave day, a sickness certificate issued by a physician
was required. The employer usually provided sick pay
for the first 14 days of a sick leave spell. Thereafter,
the Social Insurance Agency paid sickness benefits—in
this study, information on the latter was used as expo-
sure data. The number of days with sickness benefits
from 1 January to 31 December 1995 was categorized
as 0, 1–15, 16–75, 76–165, or 166–365.

Hip fracture

The follow-up information about hip fractures in 1996–2010
was drawn from the inpatient registry, using information on
both primary and side diagnoses (ICD 10 codes S72.0-S72.2),
that is excluding high-energy hip fractures according to the
external cause codes (i.e., fractures following falls exceeding
1 m from one level to another or traffic accidents or casualties
alike).

Fig. 1 Flowchart of study cohort
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Covariates

Covariates, namely age, sex, educational level, marital
status, and country of birth, were measured on 31
December 1995 and were categorized as indicated in
Table 1. Information on inpatient care in 1990–1995
due to any disease (yes or no) was utilized to indicate
morbidity before the exposure year 1996. Adjustment
for inpatient care allows examining the independent
association between number of sick leave days and hip
fracture risk since sickness absence may convey addi-
tional knowledge that may not be completely captured
by specific diseases, as it reflects, e.g., the work capac-
ity in relation to the job-specific requirements and em-
ployees’ general health. Previous non-hip fractures in
1990–1995 were determined based on the inpatient care
data.

Statistics

Study population characteristics at baseline for women
and men according to the incident hip fracture status

were calculated as mean values for continuous variables
and as proportions for categorical variables. The
Kaplan-Meier estimates of cumulative hazards were
used to estimate the probability of hip fracture by num-
ber of sick leave days, taking the competing risk of
death and emigration into account. Cox proportional
hazards regression models were used to calculate hazard
ratios (HR) and 95 % confidence intervals (CI) for
incidence of hip fracture according to the number of
sick leave days after assuring that the proportional haz-
ard assumption was met. All contributed with person
time until hip fracture, emigration, death, or end of
follow-up, whichever came first. Analyses were strati-
fied by gender, and models were adjusted in stages for
age, education, marital status, birth country, and inpa-
tient care in 1990–1995. In addition, subgroup analyses
were conducted among those who received inpatient
care in 1990–1995 due to non-hip fractures.

To address the possibility that the excess risk of hip fracture
associated with sickness absence would be directly linked to
the exposure (i.e., sickness absence), we repeated the main
analysis, including only persons who had returned back to

Table 1 Baseline characteristics of the study population by sex and incidence of hip fracture between 1996 and 2010

Variables in 1995 Men (n=514,901) Women (n=468,325)

Hip fracture Hip fracture

No Yes p value No Yes p value

N (%) 507,753 (98.6 %) 7148 (1.4 %) 457,868 (97.8 %) 10,457 (2.2 %)

Age, years (mean) 56.3 (4.1) 58.2 (4.3) <0.0001 56.3 (4.0) 58.6 (4.3) <0.0001

Birth country (%) <0.0001 <0.0001

Sweden 90.24 93.12 90.78 93.11

The rest of the Nordic countries 4.51 3.96 5.45 4.56

The rest of the world 5.25 2.92 3.77 2.32

Level of education (%) <0.0001 <0.0001

Low (0–9 years) 39.36 46.31 34.96 41.63

Middle (10–12 years) 37.98 35.74 39.96 38.23

High (>12 years) 22.66 17.95 25.08 20.14

Marital status (%) <0.0001 <0.0001

Married 72.16 60.81 68.36 61.43

Not married 27.84 39.19 31.64 38.57

Number of sick leave days (%) <0.0001 <0.0001

0 85.51 77.56 80.69 75.94

1–15 4.57 5.33 6.39 7.14

16–75 5.04 7.57 7.08 8.82

76–165 2.15 4.32 2.77 3.74

166–365 2.74 5.22 3.07 4.36

Any inpatient care in 1990–95 28.35 39.07 <0.0001 28.21 33.22 <0.0001

Previous fractures in 1990–95 1.3 4.6 <0.0001 2.1 6.6 <0.0001
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work after their sick leave and had income fromwork in 1996.
The SAS 9.3 Statistical Package was used for all analyses
(SAS Institute Inc., Cary, NC).

Results

Baseline characteristics of the cohort are shown in Table 1.
During the 15-year register-based follow-up, 1.4 % (n=7,148)
men and 2.2 % (n=10,457) women attained a hip fracture. At
the baseline, the women and men with later incident hip
fracture were older, were more often native Swedish, had
lower levels of education, were less often married, had more
sick leave days in 1995, and more often had had previous
inpatient care than those without incident hip fracture (p for all
<0.0001).

In Fig. 2, the Kaplan-Meier estimates show that there was a
clear association with number of sick leave days and cumula-
tive hazard of future hip fracture among both women andmen.
Basically, the patterns were alike, but women showed slightly
less variation between categories of sick leave days and cu-
mulative hazard of hip fracture than men.

Table 2 shows the HR for a hip fracture by number of sick
leave days. In men, the HR of hip fracture was higher already
with 1–15 sick leave days (HR 1.32, 95 % 1.19–1.47) and
more than twofold (HR 2.27, 95 % CI 2.03–2.55, and HR
2.27, 95 % CI 2.04–2.52) among those with 3 to 12 months of
sickness absence compared to those with no sickness absence.
In women, the estimates were lower than inmen and no excess
risk of hip fracture emerged among those less than 3 months
on sick leave. Adjustment for previous inpatient care attenu-
ated the estimates in men and women, but all associations
remained significant.

By utilizing information about previous fractures, it was
found that previous non-hip fractures were strongly associated
with future incidence of hip fracture in men (HR 3.59, 95 %
2.27–3.95) and in women (HR 2.94, 95 % 2.71–3.18). To
examine the association between sick leave lengths with HR
of hip fracture in this high-risk group for hip fractures, we
repeated the analysis among those with previous non-hip
fractures (Table 3). In men, a high number of sickness absence
days (166–365) was associated with higher hip fracture risk
after adjusting for previous inpatient care (HR 2.26, 95 % CI
1.68–3.03) and the risk estimate was slightly higher than in the
entire male study population. In women with previous
non-hip fractures, being sickness absent for 76–165 days
or longer increased the risk 1.5-fold (HR 1.52, 95 %
1.16–1.99) compared to those with no sickness absence.
The risk estimates were slightly higher than those in the entire
cohort.

To address the possibility that the association between
length of sick leave and incident hip fracture was directly

linked to the baseline sickness absence, we conducted sensi-
tivity analysis by repeating the main analysis, including only
persons who had returned to work after their sick leave in
1996 (excluding 27,870 men and 25,634 women). The results
were replicated and are shown in an online supplement
(eTable 1).

Discussion

In this nationwide cohort study of almost one million people,
we observed, for the first time, that long-term sick leave is
associated with higher risk of hip fracture among women and
men even after accounting for multiple confounders,

Fig. 2 Cumulative hazard of hip fracture in 1996–2010 by number of
sick leave days in 1995. Panel A men, Panel B women
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including sociodemographic factors, morbidity, and previous
non-hip fractures. Being on sick leave for more than 3 months
showed in women a 1.4-fold and in men a 2.0-fold increase in
hazard ratios of hip fracture in a 15-year follow-up compared
with those with no sick leave days the same year.

Despite the longitudinal design, observational studies such
as ours can only prove an association between the length of
sick leave and hip fracture. Multiple epidemiological studies
have identified several risk factors for hip fractures [31–33],
including (but not limited to) cardiovascular factors (high

diastolic blood pressure, resting heart rate), systemic diseases
(diabetes, rheumatoid arthritis, Parkinson’s disease) [34, 35],
several drugs (e.g., psychotropic drugs and opioids) [36, 37],
and poor lifestyle (smoking and excessive alcohol use) [34],
that can impact on both bone fragility and liability to falls.
Most of these factors, especially chronic diseases and poor
lifestyle, are also linked to higher prevalence and longer
duration of sickness absence. Thus, number of sick leave days
could be considered as a risk marker which summarizes
information from these specific and more obvious predictors
of hip fracture. Number of sick leave days could even be
screened easily via electronic systems because they capture a
wide range of illnesses that employees experience, allowing
early identification of those people at increased hip fracture
risk.

Moreover, we believe that long-term sick leave may
convey additional information that may not be complete-
ly captured by specific diseases. The overall rate of
medically certified sickness absence spells per year ap-
pears to be a good global measure of health [2] as it
reflects day-to-day functioning in occupational settings
and predicts mortality at least as well as more established
indicators of health. In addition, previous research has
shown that long-term sick leave independently predicts
increased risk of sustained suboptimal health [4] and
poor self-rated health increases the risk of hip fracture
[34, 33]. Thus, data on sickness absence may provide
useful information to identify groups with increased
health risk and a need for targeted interventions. Future
studies are needed to examine closer the association
between cause-specific sickness absence and hip fracture
risk as well as the mechanisms linking sickness absence
with future hip fractures.

Table 2 Hazard ratio (HR) with 95 % confidence intervals (CI) for a hip fracture in 1996–2010 by number of sick leave days in 1995

No. of participants Person years No. of incident
hip fractures

Incidence rate/
100 persons

Model 1 Model 2

HR 95 % CI HR 95 % CI

Men

0 439,708 6,168,784 5544 9 1.00 1.00

1–15 23,576 324,703 381 12 1.32 1.19 1.47 1.23 1.10 1.36

16–75 26,109 349,012 541 16 1.68 1.54 1.83 1.49 1.36 1.63

76–165 11,232 144,567 309 21 2.27 2.03 2.55 1.96 1.74 2.20

166–365 14,276 177,893 373 21 2.27 2.04 2.52 1.95 1.75 2.17

Women

0 377,402 5,424,695 7941 15 1.00 1.00

1–15 29,984 427,584 747 17 1.26 1.16 1.35 1.21 1.13 1.31

16–75 33,347 468,328 922 20 1.39 1.30 1.49 1.31 1.22 1.41

76–165 13,078 178,881 391 22 1.50 1.36 1.66 1.40 1.27 1.56

166–365 14,514 191,733 456 24 1.66 1.51 1.83 1.55 1.41 1.70

Model 1 adjusted for age, education, marital status, and birth country; Model 2 model 1 and additionally adjusted for inpatient care in 1990–1995

Table 3 Hazard ratio (HR) with 95 % confidence intervals (CI) for a
hip fracture in 1996–2010 by number of sick leave days in 1995 among
those affected by previous non-hip fracture

Model 1 Model 2

HR 95 % CI HR 95 % CI

Men (n=444)

0 1.00 1.00

1–15 1.20 0.82 1.75 1.31 0.90 1.91

16–75 1.12 0.84 1.49 1.41 1.05 1.88

76–165 0.96 0.66 1.40 1.27 0.86 1.87

166–365 1.80 1.35 2.40 2.26 1.68 3.03

Women (n=627)

0 1.00 1.00

1–15 1.07 0.78 1.46 1.15 0.84 1.58

16–75 0.80 0.62 1.03 0.98 0.75 1.26

76–165 1.19 0.92 1.55 1.52 1.16 1.99

166–365 1.34 1.02 1.76 1.68 1.27 2.21

Model 1 adjusted for age, education, marital status, and birth country;
Model 2 model 1 and additionally adjusted for inpatient care in 1990–
1995
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In theory, several plausible mechanisms link sick leave to
higher risk of hip fracture. First, there are multiple diseases
and related medication including cardiovascular diseases and
mental disorders that are shown to be associated with in-
creased hip fracture risk [35]. Results of this study showed
that adjustment of previous inpatient care attenuated, but did
not completely eliminate, the statistically significant associa-
tion between length of sick leave and hip fractures. Second,
sickness absence is also shown to be a strong prognostic
indicator for multiple future health outcomes [5–8, 2, 9–11]
probably because absence records provide day-to-day data on
functioning in occupational settings and thus capture the
presence of comorbidity, illness severity, and risk factors
affecting work performance [14]. Moreover, long-term sick
leave may also cause unintended or unexpected negative “side
effects” on physical or mental health, such as inactivity, im-
paired health behavior, social isolation, lowered psychological
well-being, and financial and work-related disturbances [12,
13], which may partly predispose to health and behavioral
trajectories increasing fracture risk in the long run.

Since history of a previous fracture is one of the main risk
factors for subsequent hip fracture [25–27], we conducted
subgroup analysis among those with previous non-hip frac-
tures to explore the association of length of sick leave and
future hip fractures when major bone-related risk factor is
accounted for. Our results suggest even among those with
previous non-hip fracture, being sickness absent is associated
with higher incidence of hip fracture compared with those
with no sickness absence.

This study has major strengths. First, that the whole Swed-
ish population of working age could be included, entailing
very high statistical power, excluding selection bias, and
allowing subgroup analyses. Second, the availability of regis-
ter (i.e., not self-reported) data with no or very few missing
data regarding exposures, outcomes, and confounders and the
possibility to adjust for several potential confounders, includ-
ing inpatient care because of different diseases [38, 39]. Third,
that there was no loss to follow-up; and finally, the long
followup and detection of hip fractures are almost complete
because of the high-quality and nationwide coverage of the
Swedish population-based registers used. We assume that any
diagnosed hip fractures were treated at least 1 day at hospital.
Nevertheless, we might have missed some hip fractures, for
example among those patients in caring homes. However, as
the participants in the cohort were relatively young, we do not
assume we missed many—nevertheless, our results might
imply a slight underestimation.

The limitations of the study also need to be acknowledged.
First, sick leave spells shorter than 15 days were not included
in the analyses because in Sweden the employer usually
provides sick pay for the first 14 days of a sick leave spell.
Second, it would have been an advantage if also information
on the sick leave diagnoses could have been included;

however, the Swedish Social Insurance Agency did not regis-
ter those until 10 years later. Third, despite the long follow-up,
covering transition from midle age into old age, the study
population was relatively young and most of the subjects were
only in their 70s by the end of the follow-up, which is still a
relatively young age for hip fracture. Finally, data regarding
adverse lifestyle factors, such as physical inactivity and
smoking, which may be associated with exposure and out-
come, were not available in the nationwide registers. Howev-
er, such factors are associated with low SES and should partly
be adjusted for by our adjustment for SES based on education.

In conclusion, the results of this prospective nationwide
cohort study suggest that long-term sick leave is positively
associated with incidence of hip fracture in working-age
women and men after accounting for the effects of morbidity
and previous fractures. Further studies are needed to explore
the mechanisms underlying these associations.
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