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Abstract

Summary Perceived stress is associated with several adverse
health outcomes; however, little is known about the impact of
stress on fracture risk. In this population-based cohort study,
persons with high perceived stress have an increased 5-year
risk of any osteoporotic fracture, in particular hip fracture.
Introduction We conducted a population-based cohort study
in Denmark to examine the association between perceived
stress and risk of subsequent osteoporotic fracture.

Methods A 2006 population-based health survey in the
Central Danish Region (with 1.25 million inhabitants) was
used to identify 7943 persons who were 55 years or older on
the survey date and completed the Perceived Stress Scale.
Individuals were categorized into two groups: high level of
stress and low level of stress (including no stress). We obtain-
ed information on all osteoporotic fractures through linkage to
the Danish National Registry of Patients. We used Cox regres-
sion to compute hazard ratios (HRs) with 95 % confidence
interval (CI) adjusted for a number of lifestyle factors, socio-
economic data, perceived general health, and prescription his-
tory, comparing high- and low-stress persons.

Results A total of 1799 persons (22.6 %) reported high level
of perceived stress, whereas 6144 (77.4 %) reported low level
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or no stress. The 5-year risk of any osteoporotic fracture was
7.4 and 5.4 % in persons with high and low perceived stress,
respectively, corresponding to adjusted HR of 1.37 (CI 1.00—
1.89). The adjusted HR for hip fracture within 5 years associ-
ated with high perceived stress was 1.68 (CI 1.04-2.72). The
associations weakened with increasing follow-up time.
Conclusions Persons with high perceived stress have an in-
creased risk of any osteoporotic fracture, in particular risk of
hip fracture within 5 years of stress assessment even after
adjusting for differences in lifestyle, comorbidities, osteopo-
rosis presence, medication use, and socioeconomic status at
the time of stress level evaluation. The association attenuated
after longer follow-up time.

Keywords Cohortstudy - Fracture - Osteoporosis - Perceived
stress

Introduction

Osteoporosis is characterized by reduced bone mass and de-
terioration of bone micro-architecture causing bone to become
weak and fragile [1] and thus predisposing to fractures after a
fall or even a mild trauma [2]. The prevalence of osteoporosis
after age 50 years is approximately 7 % in men and 20 % in
women [3]. Since women have more severe bone loss and
experience falls more frequently than men, the incidence of
any osteoporotic fracture is higher in women than in men [2].
Risk of fracture also increases with age, as a result of age-
related decrease in bone mass density. Thus, the health-care
burden of osteoporotic fractures will continue to increase due
to population aging in all Western countries. Denmark and
other Scandinavian countries have the highest 10-year risk
of major osteoporotic fractures in the world [4].
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Risk factors for osteoporotic fractures, in particular risk
factors of falls resulting in hip fracture, include female gender;
higher age; low socioeconomic status; alcohol consumption;
specific comorbid conditions; physical functioning; and use of
psychotropic, anxiolytic, and hypnotic drugs and use of corti-
costeroids [5, 6]. Perceived stress is associated with ischemic
heart disease, asthma, and mortality [7-9], but less is known
about the impact of stress on fracture risk. Peterson et al.
observed higher numbers of major life events prior to hip
fracture, including death and illness in the family and financial
problems among 111 elderly hip fracture patients compared
with 90 persons in the control group without fracture [10]. A
cross-sectional study from Sweden based on 137 elderly hip
fracture patients suggested that emotional stress is associated
with a higher risk of falls and subsequent hip or pelvic frac-
tures [11]. A cohort study of 5152 older men reported an
increased risk of falls, but not of fractures 1 year following
stressful life events [12]. The previous studies were either
small and cross-sectional [10, 11], based on selected patient
populations [12], or have not fully accounted for important
confounders [10-12], such as body mass index, smoking, al-
cohol, perceived general health, marital status, medication use
prior fracture, education, or physical exercise [13, 14]. We
conducted a population-based cohort study to examine the
association between perceived stress and risk of subsequent
osteoporotic fracture in Danish men and women.

Material and methods
Setting

Denmark is a country of 5.6 million inhabitants. The Danish
Health Service provides tax-supported health care for all
Danish citizens, guaranteeing free medical care for emergency
and general hospital admissions and outpatient clinic visits.
The Danish Civil Registration System has maintained data on
vital status, date of death, residence, and migration for the
entire Danish population since 1968. All Danish citizens are
assigned a unique 10-digit personal identification number at
birth or upon immigration, permitting unambiguous linkage
among all Danish registries, as well as tracking of patients
who die, emigrate, or are transferred between hospitals [15].

Study population

The study population consisted of participants of the Danish
Health Survey called “How Are You?,” a self-reported ques-
tionnaire-based public health study. The survey was conduct-
ed by the Centre for Public Health in the Central Denmark
Region, the second largest of the five regions in Denmark,
with 1.25 million inhabitants [16]. From January to
March 2006, a random sample of 31,500 Danish citizens
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between 25 and 79 years of age and living in the region were
invited to participate in the study. Eligible participants were
identified through the Civil Registration System. In total, 21,
604 (69 % of those invited) completed a detailed questionnaire
containing approximately 400 questions on perceived stress
and general health, occurrence of chronic diseases, socioeco-
nomic factors, and lifestyle factors. Three reminders were sent
to non-respondents. The survey has been described in detail
elsewhere (available in Danish: www.cfk.rm.dk/om-cfk/
projektsite/hvordan-har-du-det/rapporter-og-analyser/).

Only participants who were 55 years or older on the date of
the survey were included in order to avoid inclusion of non-
osteoporosis-related fractures (n=9182). We excluded partic-
ipants who did not complete the entire Perceived Stress Scale
(PSS) (n=1099).

The Perceived Stress Scale

The study participants were asked to report perceived stress
using the PSS. PSS is a widely used psychological instrument
that measures the degree to which situations in one’s life are
appraised as stressful [17]. The PPS consists of 10 question
eliciting frequency of feelings and thoughts during the previ-
ous month using a five-point scale (0=never, 1 =almost nev-
er, 2=sometimes, 3 =fairly often, 4=very often). The PSS
score is a sum of the individual item scores, whereby for items
4, 5,7, and 8, the rating is reversed (score range 0—40 points).
PPS was translated into Danish and afterwards validated [18].

Because stress level measured with PSS was previously
reported to be higher in women than men [19], we used dif-
ferent cutoff points for women and men to define level of
stress. Since there is no generally accepted standard for defin-
ing the level of stress, the cutoff points were found by catego-
rizing the female and male study population according to per-
centiles of stress scores and classifying participants in a high
stress level by taking the 20 % percentile of the participants
experiencing the highest levels of stress. The way of finding
cutoff points used in this study was described previously [20]
and was data driven. Thus, individuals were categorized as
having high levels of stress (if PSS score >17 for women
and PSS score >15 for men) or low levels of stress (if PSS
score <17 for women and PSS score <15 for men). Persons
reporting no stress were included in the group of low level of
stress. We further used the following categorization both for
women and men to describe in more details distribution of
level of stress: PSS score 0—10, PSS score 11-15 and PSS
score 1620, and PSS score >21.

Osteoporotic fractures
Outcome was the first time hospitalization for one of the os-

teoporotic fractures (Table 1) after the survey completion date.
Data on fractures were obtained from the Danish National
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Table 1 The International
Classification of Diseases (ICD)- ICD-10 code Fracture type Region in the body
10 diagnoses codes used to
identify osteoporotic fractures in S12.0 Fracture of the first cervical vertebra Neck
the Danish National Registry of S12.1 Fracture of the second cervical vertebra
Patients S12.2 Fracture of other specified cervical vertebra
S12.7 Multiple fractures of cervical spine
S12.9 Fracture of neck, part unspecified
S22.0 Fracture of thoracic vertebra Spine and pelvis
S22.1 Multiple fractures of thoracic spine
S32.x Fracture of lumbar spine and pelvis
S42.2 Fracture of upper end of humerus Shoulder and humerus
S42.3 Fracture of shaft of humerus
S42.4 Fracture of lower end of humerus
S42.7 Multiple fractures of clavicle, scapula, and humerus
S42.8 Fracture of other parts of shoulder and upper arm
S52.x Fracture of forearm Forearm
S62.x Fracture of hand and wrist Hand and wrist
S72.x Fracture of femur Femur
TO8 Fracture of spine, level unspecified Spine and pelvis

Registry of Patients (DNRP). The DNRP has maintained data
on all admissions to non-psychiatric hospitals in Denmark
since 1977 (and on all emergency room visits and visits to
hospital specialty clinics since 1995), including dates of ad-
mission and discharge and up to 20 discharge diagnoses clas-
sified according to the International Classification of Diseases
(ICD), 8th Revision until the end of 1993 and 10th Revision
thereafter. Both primary and secondary diagnoses, coded by
the physician responsible for discharging the patient after hos-
pitalization, were used to identify the outcome. The diagnose
codes are provided after the suspicion for fracture has been
confirmed radiologically and after the treatment has been ini-
tiated or finished at the hospital, as a standard procedure.

Covariates

We included information on the following covariates from the
Danish survey “How Are You?”:

* Age at the survey date as a continuous variable in years

*  Gender

*  Marital status in categories: married, unmarried, divorced/
separated, and widowed

* School education in four categories: 7 years of school or
less, 8 to 10 years of education, more than 10 years of
education, and unspecified

* Personal gross income before tax in 2005 in five catego-
ries: as 0-99,000 DKK, 100,000-149,000 DKK, 150,
000-249,000 DKK, 250,000-374,000 DKK, and 375,
000 or more

* Smoking in categories: current smoker, former smoker,
and never smoker

* Alcohol units per week in categories defined using differ-
ent weekly units cutoffs for men and women: low, <7 for
women/<14 for men; medium, 814 for women/15-21 for
men; and high, >15 for women/>22 for men

* Body mass index (BM], calculated as weight in kg/height
squared in m?) in categories: underweight if
BMI< 18.5 kg/m?, normal if BMI 18.5-24.9 kg/m?, and
overweight if BMI>25.0 kg/m?

» Physical exercise in days per week, number of days with
minimum 30-min exercise each week in categories: 0 days,
1-2 days, 3—4 days, and >5 days

* Diet in categories: healthy (high amount of fruit, vegeta-
bles, fish, and low amount of saturated fat), reasonably
healthy (median high intake of fruit, vegetables, fish, and
saturated fat), and unhealthy diet (low amount of fruit,
vegetables, fish, and high amount of saturated fat)

» Perceived general health in categories: excellent or very
good, good, and fair or poor

» Sleeping problems during the last 14 days in categories:
no, yes but not bothered, and yes very bothered

» Visual problems despite use of glasses or lenses during the
last 14 days in categories: no, yes but not bothered, and
yes very bothered

The inclusion of these covariates into analyses was based
on previous literature. Considerable evidence exist consistent-
ly documenting factors such as age, gender, race, low bone
mass, low body weight, estrogen deficiency, earlier fracture,
visual deficiency, use of psychotropic/ anxiolytic/hypnotic
drugs, use of corticosteroid, cigarette smoking, chronic alco-
holism, osteoporosis, diabetes mellitus, and stroke to be risk
factors for fall and hip fracture [5]. Association between

@ Springer



2038

Osteoporos Int (2016) 27:2035-2045

perceived general health and various outcomes, including
mortality, use of health services and development of muscu-
loskeletal, cardiovascular, and psychiatric disorders was also
reported previously [21].

Information on death due to any cause or emigration fol-
lowing the survey date was collected from The Danish Civil
Registration System [22].

The complete hospitalization history of all persons for
10 years preceding the survey date was obtained from the
DNRP. As a measure of comorbidity, we computed the
Charlson Comorbidity Index (CCI) score [23, 24] for each
person at the index date. We defined three comorbidity levels:
a score of 0 (low), given to patients with no previous record of
diseases included in the CCI; a score of 1-2 (medium); and a
score of 3 or more (high) [25]. Only persons hospitalized or
treated at outpatient clinics were included (emergency room
patients were excluded). Both primary and secondary diagno-
ses in individuals hospitalized or treated at outpatient clinics
were included in the CCI (emergency room diagnoses were
excluded due to low accuracy).

We obtained information on use of medication from the
Aarhus University Prescription Database (AUPD) during the
1 year before survey date. The AUPD tracks all prescriptions
for reimbursable drugs dispensed at all community pharma-
cies and hospital-based outpatient pharmacies in Northern
Denmark [26, 27]. Drugs are coded according to the
Anatomical Therapeutic Chemical (ATC) classification sys-
tem and the prescriptions fill dates. Data are available for four
regions of Northern Denmark: North Jutland (complete since
1992), Aarhus (since 1996), Viborg (since 1998), and
Ringkobing (since 1998). For all patients, we considered the
following drugs: analgesics (ATC codes NO2A, NO2B), an-
tidepressants (ATC codes NO6A), psychotropic drugs (NO3A,
NO4, NOS), antihypertensive drugs (C03, C08, C09, CO7A,
CO02A), systemic and topical corticosteroids (HO2A and
AO7EA), statins (ATC code C1IOAA), and osteoporotic drugs
(M0O5BA, MO05BB bisphosphonates; G03XCO01-raloxifene;
MO5BXO01 ipriflavone; MO5SBXO03 strontium ranelate;
MO05BX04 denosumab; HOSAA teriparatide or parathyroid
hormone; HOSBA calcitonin).

Statistical analyses

We tabulated characteristics of the study population overall
and by PSS level, presenting age as mean value in years with
arange. We estimated the risk of any fracture within 5 years of
index date, as well as within the entire follow-up after the
survey date with 95 % confidence intervals (Cls) for partici-
pants with high and low PSS score, as well as for participants
categorized within following level of stress groups: PSS score
0-10, PSS score 11-15 and PSS score 16-20, and PSS score
>21. Chi-squared statistic for trend was used to examine the
trend in the risk of fracture by four PSS score categories. p

@ Springer

value of <0.05 was considered to be statistically significant.
We estimated mean PSS score with standard deviation (SD).

For example, among all persons with high level of stress at
the time of inclusion into the study, we calculated the number
of first time fractures within 5 years of index date.

We tabulated the risk of different fracture types by PSS
level during the 5 years of survey date and the entire follow-
up period. We followed participants from the index date until
first hospitalization for any fracture, emigration, death, or 31
December 2013, whichever came first. We calculated the me-
dian follow-up time in years with range.

We used Cox regression with age as the timescale to com-
pute crude hazard ratios (HRs) as a measure for relative risk
with 95 % CI comparing persons with high level of stress to
those with low or no reported stress. In addition, we estimated
adjusted HRs with 95 % CI using the following models: mod-
el 1: HR adjusted for gender; model 2: HR adjusted for gender
and perceived general health; model 3: HR adjusted for gen-
der, perceived general health, school education, and marital
status; and model 4: HR adjusted for gender, school education,
marital status, income, smoking, alcohol, body mass index,
physical exercise, perceived general health, diet, and
redeemed prescription drugs. We fitted and expanded the
models based on clinical and evidence-based relevant associ-
ation of covariates with fracture risk and stress, not on the
level of p values from the unadjusted model. Thus, we started
with gender as the most important confounder, adding per-
ceived general health, education, and marital status. In model
4, we further included all covariates because of their equal
clinical association with fracture risk and stress. Inclusion of
variables one at the time in model 4 was not an option because
the order of variables inclusion was not straight forward, even
after considering p values from the unadjusted model. We
calculate HRs separately for men and women, except for mod-
el 1. In addition, we estimated the risk of first hip fracture
separately because of high morbidity and mortality associated
with hip fracture [28, 29].

The study was approved by the Danish Data Protection
Agency (Central Denmark Region, record number 2013-41-
1924). All statistical analyses were performed using SAS ver-
sion 9.1.3 (SAS Institute Inc., Cary, North Carolina).

Results
Characteristics of the study population

A total of 1099 persons were excluded due to lack of infor-
mation on PSS at the survey date (12.2 % of those who com-
pleted survey questionnaire and were age 55 years and older).
Compared with the included persons, those without data on
PSS were slightly older (mean age 69.7 years; range 55.1—
80.1), more likely to be women (60 vs. 40 %); to have fair
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or poor perceived general health (30 vs. 17 %); to have
lower school education level (58 vs. 38 % had less than
7 years of school); to have comorbidities before the
index date (34 vs. 24 %); and to have almost twofold
higher consumption of analgesics, antidepressants, psy-
chotropic drugs, antihypertensive drugs, systemic, and
topical corticosteroids but lower consumption of statins.
Persons who did not complete PSS were also more
likely to omit other information from the questionnaire,
with missing information in the range between 7 % for
school education and 49 % for income. The risk of any
fracture among persons with lack of PSS data was 10 %
(109 of 1099 persons) within 5 years and 12 % during
the entire follow-up time (131 of 1099 persons).

A total of 7943 participants with reported information on
PSS were included in the final analyses (Table 2); 4007 (50 %)
were men. The mean age at the index date was 64.6 (range
55.0-80.1) years. A total of 6144 (77.4 %) of participants had
low perceived stress, and 1799 (22.6 %) had high perceived
stress.

Looking at distribution of PSS score, 3780 (47.5 %)
of all participants had PSS score 0-10 points, whereas
2275 (28.6 %), 1402 (17.7 %), and 483 (6.1 %) of the
participants had PSS score 11-15, PSS score 16-20
points, and PSS score >21 points, respectively. Level
of perceived stress was higher for women compared
with men. Thus, among women, 41.4 % had PSS score
0-10 points, 30.7 % had PSS score 11-15 points,
19.8 % had PSS score 16-20 points, and 8.1 % had
PSS score >21 points. Among men, 53.7 % had PSS
score 0—10 points, 26.6 % had PSS score 11-15 points,
15.6 % had PSS score 16-20 points, and 4.1 % had
PSS score >21 points. The mean PSS scores were
12.8 (SD*6.2) for women and 10.5 (SD+5.8) for men.

Perceived stress and participants’ characteristics

Compared with those with low perceived stress, persons
with high perceived stress were more likely to be un-
married, divorced, or separated (11.0 vs. 8.0 %); to
have fair or poor perceived health (37.5 vs. 10.6 %);
and to have comorbidity (31.3 vs. 21.1 %). In addition,
persons with high perceived stress were more likely to
have less than 7 years of schooling, lower personal
gross income, to be current smokers and consume more
alcohol, to be obese, and to have sleeping problems and
visual problems despite use of glasses or lenses
(Table 1). On the other hand, they were less likely to
do physical exercises and eat healthy food (Table 2).
Persons with high perceived stress were also more like-
ly to take any kind of medication compared with low
perceived stress persons (Table 3).

Perceived stress and risk of fracture

The risk of any osteoporotic fracture within 5 years after as-
sessment of stress was 5.8 % (462 of 7943 persons), being 7.4
and 5.4 % in patients with high and low perceived stress,
respectively. This corresponds to crude HR of 1.38 (CI
1.12—-1.68) and adjusted HR from model four of 1.37 (1.00—
1.89). The adjusted HR (based on model 4) for any osteopo-
rotic fracture within 5 years was 1.23 (CI1 0.80-1.91) in wom-
en and 1.55 (CI 0.96-2.52) in men (Table 4).

The risk of any osteoporotic fracture was 8.2 % (652 of
7943 persons) (Table 5) during the entire follow-up time (with
a median follow-up time of 6.8 years, ranging from 1 to
6.8 years). A total of 170 (9.5 %) persons with high perceived
stress and 482 (7.9 %) persons with low perceived stress
sustained any osteoporotic fracture during the entire follow-
up (Table 5), corresponding to crude HR of 1.21 (CI 1.02—
1.44) (Table 4). The estimates became imprecise in the model
4 when we adjusted for gender, school education, marital sta-
tus, perceived general health, income, smoking, alcohol, body
mass index, physical exercise, diet, and redeemed prescription
drugs (HR=1.20, CI 0.91-1.59) (Table 4). The direction and
magnitude of the association were similar in women and men
(Table 4).

The most common type of any first fracture within the
entire follow-up was fracture of the forearm, accounting for
33.5 % of all fractures among respondents with high perceived
stress and 38.6 % of all fractures among respondents with low
perceived stress. The second most common fracture is the
fracture of hand or wrist accounting for 14.7 and 21.0 % of
all fracture among respondent with high and low perceived
stress, respectively. The third most common fracture is the
fracture of femur accounting for 27.1 and 14.9 % of all frac-
tures among respondent with high and low perceived stress,
respectively.

Persons with high and low perceived stress were at similar
risk of sustaining fractures of neck, spine/pelvis, humerus/
shoulder, forearm, and hand/wrist (Table 5). However, com-
pared to person with low perceived stress, persons with high
perceived stress were more likely to sustain fracture of femur
within 5 years of survey date (1.83 vs. 0.75 %) and within the
entire period (2.56 vs. 1.17 %) corresponding to adjusted HR
within 5 years of 1.68 (CI 1.04-2.72) and adjusted HR of 1.53
(CI 1.04-2.25) within the entire follow-up period.

Extra analyses

Among women, the risk of any osteoporotic fracture within
5 years after assessment of stress was 8.0 % (130 of 1621) for
persons with PSS score 0—10 points, 7.6 % (92 of 1208) for
persons with PSS score 11-15 points, 9.1 % (71 of 779) for
persons with PSS score 16-20 points, and 9.7 % (31 of 321)
for persons with PSS >21 points (p value=0.062 for trend).
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Table2 Baseline characteristics of 7943 participants aged 55 years and older according to level of stress measured by the Perceived Stress Scale (PSS)

Patient characteristics

Low perceived stress®
n=6144 (77.4 %)

High perceived stress”
n=1799 (22.6 %)

Total
n="7943 (100 %)

Age in years®, mean (range)
Gender, men
Marital status
Married
Unmarried
Divorced/separated
Widowed
Missing data
Self-perceived health
Excellent or very good
Good
Fair or poor
Missing data
School education
7 years or less
8 to 10 years
More than 10 years
Other
Missing data

Charlson Comorbidity Index (CCI) score

Low (score 0)
Medium (score 1-2)
High (score >3)
Personal gross income
0-99,000 DKK
100,000-149,000 DKK
150,000-249,000 DKK
250,000-374,000 DKK
>375,000 DKK
Missing data
Smoking
Never
Former
Current
Missing data
Alcohol*
Low
Medium
High
Missing data
Body mass index
Underweight
Normal weight
Overweight
Obese
Missing data

Physical exercise in days per week®

0 days
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64.4 (55.0-80.1)
3063 (49.9 %)

5002 (81.4 %)
150 (2.4 %)
347 (5.6 %)
463 (1.5 %)
182 (3.0 %)

2703 (44.0 %)
2744 (44.7 %)
651 (10.6 %)
46 (0.7 %)

2136 (34.8 %)
2499 (40.7 %)
1035 (16.7 %)
424 (6.9 %)
50 (0.8 %)

4843 (78.8 %)
1115 (18.1 %)
186 (3.0 %)

780 (12.7 %)
1257 (20.5 %)
1668 (27.1 %)
1256 (20.4 %)
685 (11.1 %)
498 (8.1 %)

2277 (37.1 %)
2060 (33.5 %)
1598 (26.0 %)
209 (3.4 %)

3790 (61.7 %)
1413 (23.0 %)
408 (6.6 %)
533 (8.7 %)

76 (1.2 %)
2653 (432 %)
2494 (40.6 %)
822 (13.4 %)
103 (1.7 %)

563 (9.2 %)

65.3 (55.0-80.2)
944 (52.5 %)

1317 (73.2 %)
59(3.3 %)
138 (7.7 %)
177 (9.8 %)
108 (6.0 %)

272 (15.1 %)
834 (46.4 %)
675 (37.5 %)
18 (1.0 %)

8649 (47.2 %)
636 (35.4 %)
189 (10.5 %)
96 (5.3 %)

29 (1.6 %)

1236 (68.7 %)
459 (25.5 %)
104 (5.8 %)

331 (18.4 %)
492 (27.3 %)
410 (22.8 %)
248 (13.8 %)
104 (5.8 %)

214 (11.9 %)

507 (28.2 %)
565 (31.4 %)
624 (34.7 %)
103 (5.7 %)

1036 (57.6 %)
335 (18.6 %)
138 (7.7 %)
290 (16.1 %)

3922 %)
694 (38.6 %)
654 (36.4 %)
358 (19.9 %)
54 (3.0 %)

356 (19.8 %)

64.3 (55.0-90.2)
4007 (50.4 %)

6319 (79.6 %)
209 (2.6 %)
485 (6.1 %)
640 (8.1 %)
290 (3.7 %)

2975 (37.5 %)
3578 (45.0 %)
1326 (16.7 %)
64 (0.8 %)

2985 (37.6 %)
3135 (39.5 %)
1224 (15.4 %)
520 (6.5 %)
79 (1.0 %)

6079 (76,5 %)
1574 (19.8 %)
290 (3.7 %)

1111 (14.0 %)
1749 (22.0 %)
2078 (262 %)
1504 (18.9 %)
789 (9.9 %)
712 (9.0 %)

2784 (35.0 %)
2625 (33.0 %)
2222 (28.0 %)
312 (3.9 %)

4826 (60.8 %)
1748 (22.0 %)
546 (6.9 %)
823 (10.4 %)

11(14 %)
3347 (42.1 %)
3148 (39.6 %)
1180 (14.9 %)
157 (2.0 %)

919 (11.6 %)
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Table 2 (continued)

Patient characteristics

Low perceived stress®
n=6144 (774 %)

High perceived stress”
n=1799 (22.6 %)

Total
n="7943 (100 %)

1-2 days
3—4 days
>5 days
Missing data
Diet
Healthy
Reasonably healthy
Unhealthy
Missing data
Sleeping problems
No
Yes but not bothered
Yes very bothered
Missing data

Visual problems despite use of glasses or lenses

No

Yes but not bothered
Yes very bothered
Missing data

949 (15.4 %)
1216 (19.8 %)
3321 (54.1 %)
95 (1.5 %)

1569 (25.5 %)
3860 (62.8 %)
617 (10.0 %)
98 (1.6 %)

4212 (68.6 %)
1505 (24.5 %)
183 (3.0 %)
244 (4.0 %)

4880 (79.4 %)
865 (14.1 %)
96 (1.6 %)
303 (4.9 %)

306 (17.0 %)
308 (17.1 %)
770 (42.8 %)
59 (3.3 %)

344 (19.1 %)
1116 (62.0 %)
294 (16.3 %)
45 (2.5 %)

857 (47.6 %)
621 (34.5 %)
215 (12.0 %)
106 (5.9 %)

1108 (61.6 %)
448 (24.9 %)
102 (5.7 %)
141 (7.8 %)

1255 (15.8 %)
1524 (19.2 %)
4091 (51.5 %)
154 (11.6 %)

1913 (24.1 %)
4976 (62.6 %)
911 (11.5 %)
143 (1.8 %)

5069 (63.8 %)
2126 (26.8 %)
398 (5.0 %)
350 (4.4 %)

5988 (75.4 %)
1313 (16.5 %)
198 (2.5 %)
444 (5.6 %)

PSS score <17 for women and PSS score <15 for men (persons with reported no stress were included in this group)

° PSS score >17 for women and PSS score >15 for men

¢ Age at the index date (the date of questionnaire completion and submission to the survey)

d Low, <7 for women/<14 for men; medium, 8—14 for women/15-21 for men; high, >15 for women/>22 for men

¢ Minimum 30-min exercise per day

Among men, the risk of any osteoporotic fracture within
5 years after assessment of stress was 2.6 % (56 of 2152) for
persons with PSS score 0—10 points, 4.0 % (43 of 1067) for
persons with PSS score 11-15 points, 4.2 % (26 of 623) for
persons with PSS score 16-20 points, and 7.9 % (13 of 165)
for persons with PSS >21 points (p value<0.0001 for trend).

The risks of any osteoporotic fracture within the en-
tire follow-up period were 11.2, 11.0, 13.1, and 11.2 %
for four PSS score groups among women (p val-
ue=0.077 for trend) and 4.0, 5.9, 5.3, and 10.3 % for
four PSS score groups among men (p value <0.0001 for
trend).

Table 3 Redeemed prescriptions
for medications within 1 year of
the date of questionnaire
completion and submission to the

Type of medication

High perceived stress”  Total
n=1799 (22.6 %) n=7943 (100 %)

Low perceived stress®
n=6144 (77.4 %)

survey among 7943 participants
aged 55 years and older according
to level of stress measured by the
Perceived Stress Scale (PSS)

Analgesics

Antidepressants

Psychotropic drugs
Antihypertensive drugs

Systemic and topical corticosteroids
Statins

Osteoporosis®

774 (12.6 %)
311 (5.1 %)
126 (2.1 %)
1872 (30.5 %)
313 (5.1 %)
857 (13.6 %)
142 (2.3 %)

513 (28.1 %)
357 (19.6 %)
146 (8.0 %)
836 (45.8 %)
143 (7.8 %)
375 (20.5 %)
53 (2.9 %)

1414 (17.5 %)
703 (8.7 %)
299 (3.7 %)
2957 (36.7 %)
499 (6.2 %)
1365 (16.9 %)
195 (2.5 %)

#PSS score <17 for women and PSS score <15 for men (persons with reported no stress were included in this

group)

° PSS score >17 for women and PSS score >15 for men

¢ Identified based on use of osteoporotic drugs and hospitalization for osteoporosis diagnosis
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Table 4 Risk of any osteoporotic
fracture among 7943 participants
aged 55 years and older according
to level of stress measured by the

High stress vs. low stress,
within 5 years of index date

High stress vs. low stress,
entire follow-up

HR with 95 % CI*

HR with 95 % CI

Perceived Stress Scale (PSS)
Overall (n=7943), crude HR

Model 1, adjusted HR
Model 2, adjusted HR
Model 3, adjusted HR
Model 4, adjusted HR
Women (n=3936), crude HR
Model 2, adjusted HR
Model 3, adjusted HR
Model 4, adjusted HR
Men (n=4007), crude HR
Model 2, adjusted HR
Model 3, adjusted HR
Model 4, adjusted HR

1.38 (1.12-1.68)
1.40 (1.15-1.72)
1.27 (1.02-1.58)
1.29 (1.03-1.62)
1.37 (1.00-1.89)
1.25 (0.97-1.60)
1.15 (0.88-1.50)
1.16 (0.88-1.54)
1.23 (0.80-1.91)
1.79 (1.26-2.53)
1.56 (1.07-2.28)
1.61 (1.09-2.38)
1.55 (0.96-2.52)

1.21 (1.02-1.44)
1.24 (1.04-1.48)
1.10 (0.91-1.33)
1.11 (0.91-1.35)
1.20 (0.91-1.59)
1.15 (0.93-1.42)
1.06 (0.83-1.33)
1.05 (0.83-1.34)
1.23 (0.85-1.77)
1.44 (1.06-1.95)
1.20 (0.87-1.65)
1.22 (0.88-1.70)
1.14 (0.74-1.75)

Model 1: HR adjusted for gender; model 2: HR adjusted for gender and perceived general health; model 3: HR
adjusted for gender, school education, marital status and perceived general health; and model 4: HR adjusted for
gender, school education, marital status, perceived general health, income, smoking, alcohol, body mass index,
physical exercise, diet, and redeemed prescription drugs

#Hazard ration with 95 % confidence interval

Discussion

In this population-based cohort study of 7943 persons, 5.8 %
sustained any osteoporotic fracture within 5 years of stress
assessment and 8.2 % within median follow-up time of
6.8 years. Persons with high perceived stress were at 37 %
increased risk of any osteoporotic fracture and 68 % increased
risk of hip fracture within 5 years of follow-up, compared with
persons with low perceived stress, even after adjusting for
differences in persons characteristics. The direction of risk

increase was similar in men than in women. The association
attenuated after longer follow-up time.

Comparison with previous literature

To our knowledge, this is the first prospective population-based
study including both women and men to evaluate the association
between perceived stress and risk of any osteoporotic facture as
well as femur fracture using long-term follow-up and accounting
for multiple confounders. In contrast to our findings, a study of

Table 5 Distribution of osteoporotic fractures following the date of questionnaire completion and submission to the survey among 7943 participants
aged 55 years and older according to level of stress measured by the Perceived Stress Scale (PSS)

Low levels of stress®
n=6144 (77.4 %)

Fracture site

High levels of stress” Total
n=1799 (22.6 %)

n="7943 (100 %)

5 years Entire follow-up 5 years Entire follow-up S years Entire follow-up
Neck 2 (0.03 %)° 2 (0.03 %) 1 (0.06 %) 1 (0.06 %) 3 (0.04 %) 3 (0.04 %)
Spine and/or pelvis 23 (0.37 %) 37 (0.60 %) 12 (0.67 %) 14 (0.78 %) 35(0.44 %) 51 (0.64 %)

Humerus or shoulder 44 0.72 %) 67 (1.09 %)
Forearm 127 (2.07 %) 186 (3.03 %)
Hand or wrist 75 (1.2 %) 101 (1.64 %)
Femur 46 (0.75 %) 72 (1.17 %)
Multiple fractures 12 (0.19 %) 17 (0.28 %)
Total 329 (535 %) 482 (7.85 %)

15 (0.83 %)
44 (2.44 %)
22 (1.22 %)
33 (1.83 %)
6 (0.33 %)
133 (7.39 %)

19 (1.06 %)
57 (3.17 %)
25 (1.39 %)
46 (2.56 %)
8 (0.44 %)
170 (9.45 %)

59 (0.74 %)
171 (2.15 %)
97 (1.22 %)
79 (0.99 %)
18 (0.22 %)
462 (5.82 %)

86 (1.08 %)
243 (3.07 %)
126 (1.59 %)
118 (1.48 %)
26 (0.33 %)
652 (8.21 %)

4PSS score <17 for women and PSS score <15 for men (persons with reported no stress were included in this group)

Y PSS score >17 for women and PSS score >15 for men

¢ The number of fractures was divided by the total number of persons in the same stress group (for example, 2/6144)
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4981 men aged 65 years from six cities in USA found no asso-
ciation between any stressful life events and risk of first time
fracture within 1 year of follow-up [12]. Our findings are in line
with the results from two studies. In a case-control study of 111
hip fracture patients and 90 controls with no fracture among
community-dwelling elderly, the hip fracture group reported sig-
nificant more major negative life events than the non-fracture
group in the period of 1 year before sustaining a fracture or
becoming a control (the p value was less than 0.0007) [10].
Moller et al. reported that among 122 persons aged 65 and older
with fall-related hip or pelvic fracture of which 12 experienced
emotional stress during the 24 h before injury, anger (relative
risk=12.2, CI 2.7-54.7), sadness (relative risk=5.7, CI 1.1-
28.7), and stress (relative risk=20.6, CI 4.5-93.5) were associ-
ated with increased risk of fracture [11]. However, comparison
between our study and the abovementioned three studies is dif-
ficult due to several reasons. We measured stress with PSS,
which is a widely used validated psychological instrument that
measures the degree to which situations in one’s life are ap-
praised as stressful [17]. Other studies used self-developed ques-
tions about stressful life event such as death of close family
member or friend, personal illness or injury, separation form
child, serious financial troubles, or change of residence [10,
12] or about feeling of anger or sadness on the day of fracture
[11]. These events may not be equally stressful for all persons.
No information on perceived stress or how the persons were
coping with these life events was available in any of previous
studies limiting the validity of the associations and hampering
the conclusions on the association between stress and fracture
risk. Second, the data on stress were collected retrospectively
potentially introducing recall-bias. Third, two of the studies did
not fully account for important confounders [10-12], such as
body mass index, smoking, alcohol, perceived general stress,
marital status, medication use prior fracture, education, income,
or physical exercises [13, 14]. Our findings show a clear differ-
ence in characteristics of persons with high and low perceived
stress; justifying the inclusion of these factors into regression
analyses was also described previously in another Danish survey
from 2005, based on a national representative sample of the
Danish population [20].

Several mechanisms may explain our findings. The re-
sponse to stress (allostasis) and following allostatic load or
overload has been described in details previously [30]. A
number of mediators have been proposed to trigger and
change the neuroendocrine, immune, metabolic, and cardio-
vascular response in the body leading to increased allostatic
load, promoting adverse health outcomes [30], some being
protective and other being harmful. For example, the body
responds to stress by releasing catecholamine that increases
heart rate and blood pressure, which could over time lead to
stroke and myocardial infarction [31]. In addition, the level of
cholesterol and glucose predisposes to diabetes [32] and ath-
erosclerosis [33]. One of the main mediators that is produced

in response to stress is glucocorticoids [31]. Glucocorticoids
work protectively against infection, injury, and inflammation.
Further, glucocorticoids are associated with reduced activity
of the bone-forming cell osteoblasts [34], increased bone re-
sorption leading to osteoporosis [35], and increased fracture
risk [36]. Even a small dose of glucocorticoids increase the
fracture risk [37]. However, it is unknown what “dose” of
natural glucocorticoids the body is receiving during stress
and if these doses are comparable with synthetic glucocorti-
coids used as treatment of various diseases. Stress is also
closely related to depression, and both stress and depression
are found to be negatively associated with bone mineral den-
sity and thereby fracture risk [38]. But again, this association
is most likely mediated by glucocorticoids [38].

The 75 % of fractures included in our study were the frac-
tures of forearm, hand, wrist, and femur, which are fall related.
The association between stressful life events and falls was
observed previously [12]. This association could work
through activation of the neuroendocrine system causing
multi-system physiological dysregulation, physical function
unbalance, or visual disturbance, leading to fall and fracture
[11, 30]. In addition, it has been suggested that high personal
stress is strongly associated with low self-care, potentially
leading to fall and fracture [39].

It has been suggested that the effects of stress on health
outcomes are different for men and women, possibly ex-
plained by sex differences in vulnerability or in ability to cope
with stress [40, 41]. However, we found no clear difference in
the risk of any osteoporotic fracture between women and men.

Significance and implications of the study results

Knowledge about a possible association between stress and
risk of osteoporotic fracture may improve our understanding
of clinical course of patients sustaining fractures and guide
future stress prevention efforts.

Limitations of the study

The survey is based on the population sample from the
Danish Central Regions, which is considered to be represen-
tative of the Danish population. However, we excluded
12.2 % of the study population due to lack of stress data
and we know that non-responders differed from responders
in terms of unhealthier lifestyle, comorbidities, and lower
socioeconomic status [42]. This may have introduced selec-
tion and information bias if missingness of stress data was
related to later fracture risk, which is rather unlikely due to
prospective registration of data. Persons with missing stress
data did not know that they will later develop fracture. Thus,
it is even likely that inclusion of missing PSS data would
strengthen the association of interest in our study. Although
we adjusted for comorbidity, we lacked information on the
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severity of some medical conditions included in the Charlson
Comorbidity Index score, which may have introduced resid-
ual confounding into our analyses. Since data on comorbidity
were collected independently on the stress data, the size of
residual confounding is limited. We did not have information
of bone mineral density of participants, which is a risk factor
for osteoporotic fracture and was found to be associated with
depression and stress [38]. However, we included into the
model a number of clinical risk factors for fracture risk; some
of them are independent, while others are dependent on bone
mineral density [43]. We also adjusted for the presence of
osteoporosis at the time of PSS scoring as a surrogate mea-
sure of bone mineral density. Several HR estimates based on
the regression model 4, where we adjusted for a number of
confounders, were unstable and imprecise. As outcome, we
only included person that had been in contact with hospital
due to symptoms and suspicion for fracture; thus, any person
with silence compression fractures is not included.

We have only assessed stress at baseline and did not
have information on stress level or stressful events that
occurred during the follow-up period. Thus, it is possi-
ble that stress level has changed over time. This may
explain why the association between perceived stress
and fracture in our study attenuated with longer fol-
low-up.

Summary

In this large population-based cohort study of 7943 in-
dividuals, persons with high perceived stress were at
increased risk of any osteoporotic fracture within 5 years
of follow-up, in particular increased risk of hip fracture
compared with persons with low or no perceived stress,
even after adjusting for differences in lifestyle, comor-
bidities, osteoporosis presence, medication use, and so-
cioeconomic status at the time of stress level evaluation.
The risk of fracture was similar in women and men.
The association attenuated after longer follow-up time.
Clinicians should consider including perceived stress
level as an important clinical risk factor when assessing
the 5-year probability of fracture. Further research is
needed and longer follow-up period in order to draw
any firm conclusion about association of stress and 10-
year fracture risk.
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