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Abstract
Summary The association between Parkinson’s disease and
fracture was not completely understood. This nationwide
study investigated increased risk of fracture in patients with
Parkinson’s disease. In the nested cohort study, Parkinson’s
disease was associated with pneumonia, septicemia, stroke,
urinary tract infection, and mortality after fracture admission.
Introduction Falls are a common complication in people with
Parkinson’s disease (PD). This study evaluated fracture risk
and post-fracture outcomes in patients with PD.
Methods We identified 1,423 adults aged 40 years and older
newly diagnosed with PD using the Taiwan National Health
Insurance Research Database from 2000 to 2003. Comparison
cohort consisted of 5,692 adults without PD randomly select-
ed from the same dataset, frequency matched in age and sex.

Followed-up events of fracture from January 1, 2000, until
December 31, 2008, were ascertained from medical claims.
Adjusted hazard ratios (HR) and 95 % confidence interval
(CI) of fracture associated with PD were evaluated. Another
nested cohort study of 397,766 hospitalized fracture patients
analyzed for adjusted odds ratios (ORs) and 95 % CIs of
adverse events after fracture among patients with and without
PD between 2004 and 2010.
Results The incidences of fracture for people with and without
PD were 39.5 and 23.9 per 1,000 person-years, respectively
(p<0.0001). Compared with control, the adjusted HR of frac-
ture was 2.25 (95 % CI 1.97–2.58) for PD patients. Previous
PD was associated with risks of pneumonia (OR 1.44, 95 %
CI 1.36–1.52), septicemia (OR 1.41, 95 % CI 1.33–1.49),
stroke (OR 1.40, 95 % CI 1.32–1.50), urinary tract infection
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(OR 1.53, 95 % CI 1.46–1.61), and mortality (OR 1.25, 95 %
CI 1.15–1.35) after fracture.
Conclusions PD was associated with higher risk of fracture.
Patients with PD had more complications and mortality after
fracture. Fracture prevention and attention to post-fracture ad-
verse events are needed for this susceptible population.

Keyword Fracture . Mortality . Parkinson’s disease

Introduction

Parkinson’s disease (PD) is the most common serious move-
ment disorder and is characterized by its cardinal features of
tremor, bradykinesia, and rigidity [1]. Patients with PD also
commonly show postural instability after a few years [1].With
prevalence of 315 per 100,000 persons in people aged 40 years
and older worldwide [2], this progressive neurodegenerative
disorder affects approximately 1 % of people aged 60 years
and older [3–5]. It has been estimated that annual direct med-
ical expenditures for people with PD were more than twice
those of people without PD, with projected annual direct
health care expenditures of US$23 billion for individuals with
PD in the USA alone [6]. Severe consequences of PD such as
increased hospitalization and mortality also represent major
health and policy concerns [7].

Falls were identified as a common complication in people
with PD [1, 8], and these incidents can lead to various frac-
tures, disabilities, and mortality [9]. More than two million
fracture incidents cost an estimated US$17 billion in the
USA in 2005 [10]. Fractures are also an important public
health burden in the UK, with estimated overall costs of
£5.1 billion in 2010 [11].

Previous studies reported an association between PD and
fracture risk [12–20]. However, these were limited by small
sample sizes [12, 14, 17–19] and by focusing solely on male
or female patients [14, 20] or on specific types of fractures [15,
16, 19], inadequate diagnosis of PD [14], or inadequate ad-
justment for potential confounders [12, 14, 16–19]. The asso-
ciation of PD and post-fracture mortality remains unknown.

We conducted two nationwide population-based retrospec-
tive cohort studies using Taiwan’s National Health Insurance
Research Database to evaluate the risk of fractures and to
investigate the impact of PD on adverse events and in-
hospital mortality after fractures.

Methods

Source of data

Taiwan’s National Health Insurance Program has recorded all
medical reimbursement claims since 1996, and the Taiwan

National Health Insurance Research Database containing the-
se claims is available to researchers with identification of ben-
eficiaries scrambled to protect patient privacy. Sets of infor-
mation available for this study include sex, date of birth, di-
agnoses at outpatient visits, admissions and discharges, health
care provided, medications prescribed, medical institutions,
and physicians providing services. For research and adminis-
trative purposes, Taiwan’s National Health Research Institute
also provided a data subset of one million beneficiaries ran-
domly selected from insurance enrollees aged 0–113 years,
this subset represents nearly 5 % of Taiwan’s insured popula-
tion. Information about medical care for these persons was
collected from 1996 to 2008. The validity of studies based
on the Taiwan National Health Insurance Research Database
has been well accepted by peer reviewers for prominent sci-
entific journals worldwide [21–24].

Ethical approval

Insurance reimbursement claims used in this study were from
Taiwan’s National Health Insurance Research Database,
which is available for public access. This study was conducted
in accordance with the Helsinki Declaration. To protect per-
sonal privacy, the electronic database was decoded with pa-
tient identifications scrambled for further public access for
research. According to National Health Research Institutes
regulations, informed consent is not required because of the
use of decoded and scrambled patient identifications. Howev-
er, this study was evaluated and approved by Taiwan’s Na-
tional Health Research Institutes (NHIRD-103-121).

Study design

In this longitudinal cohort of one million insured individuals,
we identified as the exposed cohort 1,423 patients age 40 years
or older newly diagnosed with PD (without any previous re-
cord of diagnosis or treatment for PD from the database
established in 1996) between 2000 and 2003 who had no
history of fracture before the index date of diagnosis. To iden-
tify patients with PD more strictly, at least three outpatient
visits or inpatient medical services with principal diagnosis
of PD were required. During the same index period, we iden-
tified 5,692 people age 40 years or older matched by age and
sex who had no diagnosis of PD (fourfold non-PD controls)
without any history of fracture as the nonexposure cohort.
Patients with any diagnosis of fracture between January 1,
1996, and December 31, 2003, were excluded to ensure that
all study participants were free of fracture at the start of both
cohorts. In this study, participants with previously known os-
teoporosis as well as bisphosphonate treatment before the in-
dex date were excluded. Follow-up started from January 1,
2000 and lasted until December 31, 2008 or censoring due
to death, loss to follow-up, or other causes. We sought to
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validate whether individuals with PD faced an increased risk
of fracture.

To investigate the impact of PD on post-fracture outcomes,
a nested retrospective cohort study was conducted. We iden-
tified 397,766 hospitalized patients with first fracture event
between 2004 and 2010, including 7,479 patients with pre-
fracture PD and 390,287 without PD. We compared post-
fracture septicemia, pneumonia, urinary tract infection, stroke,
and mortality for a 30-day period postoperatively among frac-
ture patients with or without pre-fracture PD.

Measures and definitions

We identified income status by defining low-income patients
as those qualifying for waived medical copayment as verified
by the Bureau of National Health Insurance. Population den-
sity was calculated by dividing the population (persons) by the
area (square kilometers) for each administrative unit of Tai-
wan and then sorting these areas into quartiles of low, moder-
ate, high, and very high urbanization. These categories were
used as surrogates for residential urbanization. Use of osteo-
porosis medications such as alendronate, pamidronate
disodium, risedronate sodium, zoledronic acid, and hormone
replacement therapy was also analyzed.

We used the International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM) to define
coexisting medical conditions and post-fracture complica-
tions. Pre-fracture PD (ICD-9-CM 332) was defined as prima-
ry exposure. Coexisting medical conditions determined from
medical claims for the follow-up period included mental dis-
orders (ICD-9-CM 290-319), hypertension (ICD-9-CM 401-
405), chronic obstructive pulmonary disease (ICD-9-CM 490-
496), ischemic heart disease (ICD-9-CM 410-414), diabetes
(ICD-9-CM 250), stroke (ICD-9-CM 430-438), hyperlipid-
emia (ICD-9-CM 272.0, 272.1, and 272.2), osteoporosis
(ICD-9-CM 733.0), asthma, congestive heart failure, liver cir-
rhosis (ICD-9-CM 571), and inflammatory bowel disease
(ICD-9-CM 555, 556). We defined alcohol-related illnesses
as alcoholic psychoses (ICD-9-CM code 291), alcohol depen-
dence syndrome (ICD-9- CM code 303), alcohol abuse (ICD-
9-CM code 305), alcoholic fatty liver (ICD-9-CM code
571.0), acute alcoholic hepatitis (ICD-9-CM code 571.1), al-
coholic cirrhosis of the liver (ICD-9-CM code 571.2), and
alcoholic liver damage (ICD-9-CM code 571.3). Renal dialy-
sis was identified by administration code (D8, D9). Fracture is
the main outcome of this retrospective cohort study, including
skull bone fracture (ICD-9-CM 800-804) and fractures of
neck and trunk (ICD-9-CM 805-809), upper limb (ICD-9-
CM 810-819), lower limb (ICD-9-CM 820-829), and hip
(ICD-9-CM 820). The association of PD with various frac-
tures (including skull bone, neck, trunk, upper limb, lower
limb, hip fracture, and at least two types of fracture) and
post-fracture mortality was also analyzed. Complications after

fracture were analyzed as secondary outcomes, including sep-
ticemia (ICD-9-CM 038 and 998.5), pneumonia (ICD-9-CM
480-486), urinary tract infection (ICD-9-CM 599.0), and
stroke (ICD-9-CM 430-438). In-hospital post-fracture mortal-
ity was also considered as outcome in the nested cohort study.

Statistical analysis

In the retrospective cohort study including all participants, we
used chi-square tests to compare sociodemographic character-
istics and coexisting medical conditions between people with
and without PD. We calculated the hazard ratios (HRs) with
95 % confidence intervals (CIs) for risk of fracture after PD,
adjusting for age, sex, low income, urbanization, stay in teach-
ing hospital, mental disorders, hypertension, chronic obstruc-
tive pulmonary disease, ischemic heart disease, diabetes,
stroke, hyperlipidemia, osteoporosis, asthma, congestive heart
failure, liver cirrhosis, alcohol-related illness, inflammatory
bowel disease, renal dialysis, anxiolytics, antiepileptics, anti-
psychotics, antidepressants, and oral steroids in multivariate
Cox proportional hazards regression models. The adjusted
HRs of fracture associated with diabetes in the sex- and age-
stratified analyses were also calculated.

In the nested cohort study, the sociodemographics and
coexisting medical conditions between fracture patients with
and without PD were compared using chi-square tests. The
adjusted odds ratios (ORs) and 95 % CIs of post-fracture sep-
ticemia, pneumonia, urinary tract infection, and stroke as well
as mortality associatedwith pre-fracture PDwere calculated in
the multivariate logistic regressions with adjustment for age,
sex, low income, urbanization, mental disorders, hyperten-
sion, chronic obstructive pulmonary disease, ischemic heart
disease, diabetes, stroke, hyperlipidemia, osteoporosis, asth-
ma, congestive heart failure, liver cirrhosis, alcohol-related
illness, inflammatory bowel disease, renal dialysis, anxio-
lytics, antiepileptics, antipsychotics, antidepressants, oral ste-
roids, and fracture-repair surgery. Risks and mortality of sub-
types of fracture for patients with PD were also calculated in
the multivariate Cox models and logistic regression models,
respectively. SAS version 9.1 (SAS Institute, Inc., Cary, NC)
statistical software was used for data analyses; two-sided
p<0.05 indicated significant differences between groups.

Results

After the frequency matching in age and sex between cohorts
with and without PD, there were no significant differences in
age and sex (Table 1). Compared with the cohort without PD,
patients with PD had higher proportions with mental disorders
(p<0.0001), chronic obstructive pulmonary disease
(p<0.0001), ischemic heart disease (p<0.0001), diabetes
(p=0.0022), stroke (p<0.0001), congestive heart failure (p=
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0.0127), and renal dialysis (p=0.0440). Proportionally, more
patients with PD used selected medications than did those
without PD; these included antidepressants (p<0.0001), anti-
epileptics (p<0.0001), antipsychotics (p<0.0001), and anxio-
lytics (p<0.0001).

Table 2 shows higher incidence of fracture was found in
patients with PD than in those without PD (39.5 vs. 23.9 per 1,
000 person-years, p<0.0001) during the follow-up period; the

corresponding HR of fracture associated with PD was 2.25
(95 % CI 1.97–2.58). The increased fracture rates were con-
sistently found in all age groups and either gender. The asso-
ciation between PD and fracture risk was significant both in
females (HR 2.11, 95%CI 1.76–2.52) and inmales (HR 2.46,
95 % CI 1.99–3.03). Patients with PD were at greater risk of
fracture in groups aged 40–49 (HR 2.80, 95 % CI 1.11–7.07),
50–59 (HR 3.19, 95 % CI 1.80–5.65), 60–69 (HR 2.91, 95 %

Table 1 Sociodemographic factors, coexisting medical conditions, and fracture in people with and without Parkinson’s disease

PD (N=1,423) Non-PD (N=5,692)

n (%) n (%) p value OR (95 % CI)

Sex 1.0000

Female 635 (44.6) 2,540 (44.6) 1.00 (0.89–1.12)

Male 788 (55.4) 3,152 (55.4) 1.00 (reference)

Age, years 1.0000

40–49 73 (5.1) 292 (5.1) 1.00 (reference)

50–59 150 (10.5) 600 (10.5) 1.00 (0.73–1.37)

60–69 402 (28.3) 1,608 (28.3) 1.00 (0.76–1.32)

70–79 632 (44.4) 2,528 (44.4) 1.00 (0.76–1.31)

≥80 166 (11.7) 664 (11.7) 1.00 (0.74–1.36)

Urbanization 0.4893

Low 357 (25.1) 1,478 (26.0) 1.00 (reference)

Moderate 312 (21.9) 1,326 (23.3) 0.97 (0.82–1.15)

High 389 (27.3) 1,500 (26.4) 1.07 (0.91–1.26)

Very high 365 (25.7) 1,388 (24.4) 1.09 (0.93–1.28)

Low income 67 (4.7) 212 (3.7) 0.0872 1.28 (0.96–1.69)

Medical conditions

Mental disorders 828 (58.2) 1,748 (30.7) <0.0001 3.14 (2.79–3.54)

Hypertension 762 (53.6) 2,940 (51.7) 0.2000 1.08 (0.96–1.21)

COPD 514 (36.1) 1,666 (29.3) <0.0001 1.37 (1.21–1.54)

IHD 412 (29.0) 1,221 (21.5) <0.0001 1.49 (1.31–1.70)

Diabetes 351 (24.7) 1,191 (20.9) 0.0022 1.24 (1.08–1.42)

Cancer 318 (22.4) 1,340 (23.5) 0.3404 0.94 (0.81–1.07)

Stroke 300 (21.1) 629 (11.1) <0.0001 2.15 (1.85–2.50)

Hyperlipidemia 236 (16.6) 961 (16.9) 0.7876 0.98 (0.84–1.14)

Asthma 164 (11.5) 581 (10.2) 0.1465 1.15 (0.95–1.38)

CHF 83 (5.8) 244 (4.3) 0.0127 1.38 (1.07–1.79)

Liver cirrhosis 73 (5.1) 266 (4.7) 0.4694 1.10 (0.85–1.44)

ARI 28 (2.0) 109 (1.9) 0.8970 1.03 (0.68–1.56)

Renal dialysis 28 (2.0) 72 (1.3) 0.0440 1.57 (1.01–2.44)

IBD 25 (1.8) 107 (1.9) 0.7585 0.93 (0.60–1.45)

Medication use

Anxiolytics 1,034 (72.7) 2,899 (50.93) <0.0001 2.56 (2.25–2.91)

Antiepileptics 603 (42.4) 757 (13.30) <0.0001 4.79 (4.21–5.46)

Antipsychotics 568 (39.9) 795 (13.97) <0.0001 4.09 (3.59–4.66)

Antidepressants 524 (36.8) 855 (15.02) <0.0001 3.30 (2.90–3.76)

Oral steroids 277 (19.5) 1,095 (19.24) 0.8451 1.02 (0.88–1.18)

ARI alcohol-related illness, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, IBD inflammatory bowel disease, IHD
ischemic heart disease, PD Parkinson’s disease
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CI 2.17–3.89), 70–79 (HR 2.13, 95 % CI 1.76–2.57), and ≥80
(HR 1.95, 95 % CI 1.38–2.76).

In the nested cohort study including 397,766 patients with
fracture (Table 3), the increased fracture rates were consistent-
ly found in all age groups and either gender. Higher propor-
tions of patients with PD than patients without PD were noted
among females (p<0.0001), older people (p<0.0001), those
living in the most highly urbanized areas (p=0.0005), and
those with low incomes (p=0.0004), stay in teaching hospital
(p<0.0001), hypertension (p<0.0001), mental disorders
(p<0.0001), diabetes (p<0.0001), chronic obstructive pulmo-
nary disease (p<0.0001), ischemic heart disease (p<0.0001),
cancer (p<0.0001), osteoporosis (p<0.0001), stroke
(p<0.0001), asthma (p<0.0001), congestive heart failure
(p<0.0001), inflammatory bowel disease (p=0.0008), and
alcohol-related illness (p<0.0001). Proportionately, more
fracture patients with PD used antidepressants (p<0.0001),
antiepileptics (p<0.0001), antipsychotics (p<0.0001), anxio-
lytics (p<0.0001), and oral steroids (p<0.0001) than did frac-
ture patients without PD. Among fracture patients with pre-
vious PD, men had higher mean age than women (77.3±8.5
vs. 76.8±8.0, p=0.0078); among fracture patients without
previous PD, women had higher mean of age than men
(66.7±13.7 vs. 61.3±14.6, p<0.0001) (this data is not
shown in the tables).

In the nested retrospective cohort study (Table 4), patients
with PD had higher risk of mortality (OR 1.25, 95 % CI 1.15–
1.35), pneumonia (OR 1.44, 95 % CI 1.36–1.52), septicemia
(OR 1.41, 95 % CI 1.33–1.49), stroke (OR 1.40, 95 % CI
1.32–1.50), and urinary tract infection (OR 1.53, 95 % CI
1.46–1.61) after fracture compared with those without PD.

Higher risks of neck or trunk fracture (HR 2.33, 95 % CI
1.84–2.96), upper limb fracture (HR 1.87, 95 % CI 1.49–
2.44), lower limb fracture (HR 1.91, 95 % CI 1.54–2.36),
and hip fracture (HR 2.56, 95 % CI 2.02–3.26) were found
in patients with PD than in those without PD (Table 5). Pre-
fracture PD was associated with mortality after upper limb
fracture (OR 1.74, 95 % CI 1.40–2.15), lower limb fracture
(OR 1.21, 95 % CI 1.10–1.33), and hip fracture (OR 1.13,
95% CI 1.03–1.24).

Discussion

Using claims data from Taiwan’s National Health Insurance,
this nationwide retrospective cohort study showed approxi-
mately twofold increased risk of all types of fracture in pa-
tients with PD. A further nested cohort study showed that
patients with PD were associated with increased post-
fracture pneumonia, septicemia, stroke, urinary tract infection,

Table 2 Risk of fracture for
cohorts with and without
Parkinson’s disease

PD Parkinson’s disease
a Per 1,000 person-years
b Adjusted for age, sex,
urbanization, low income,
coexisting medical conditions,
and medication use
c Adjusted for age, urbanization,
low income, coexisting medical
conditions, and medication use
d Adjusted for sex, urbanization,
low income, coexisting medical
conditions, and medication use

No. Person-years Fracture events Incidencea HR (95 % CI)b

Non-PD 5,692 36,005 860 23.9 1.00 (reference)

All PD 1,423 8,926 353 39.5 2.25 (1.97–2.58)

Femalec

Non-PD 2,540 15,734 510 32.4 1.00 (reference)

PD 635 3,846 199 51.7 2.11 (1.76–2.52)

Malec

Non-PD 3,152 20,271 350 17.3 1.00 (reference)

PD 788 5,080 154 30.3 2.46 (1.99–3.03)

Age 40–49 yearsd

Non-PD 292 1,909 20 10.5 1.00 (reference)

PD 73 500 9 18.0 2.80 (1.11–7.07)

Age 50–59 yearsd

Non-PD 600 3,941 58 14.7 1.00 (reference)

PD 150 1,010 27 26.7 3.19 (1.80–5.65)

Age 60–69 yearsd

Non-PD 1,608 10,489 190 18.1 1.00 (reference)

PD 402 2,632 93 35.3 2.91 (2.17–3.89)

Age 70–79 yearsd

Non-PD 2,528 15,794 450 28.5 1.00 (reference)

PD 632 3,894 175 44.9 2.13 (1.76–2.57)

Age ≥80 yearsd

Non-PD 664 3,872 142 36.7 1.00 (reference)

PD 166 889 49 55.1 1.95 (1.38–2.76)
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and mortality rate when compared with the non-PD
population.

Older age [25], female gender [25], low income [26], and
urbanization [26] were considered as sociodemographic risk

Table 3 Characteristics of patients with first fracture during admission with and without Parkinson’s disease in 2004–2010

PD (N=7,479) Non-PD (N=390,287)

n (%) n (%) p value OR (95 % CI)

Sex <0.0001

Female 4,377 (58.5) 210,171 (53.9) 1.21 (1.15–1.27)

Male 3,102 (41.5) 180,116 (46.1) 1.00 (reference)

Age, years <0.0001

40–49 54 (0.7) 81,281 (20.8) 1.00 (reference)

50–59 239 (3.2) 89,238 (22.9) 4.03 (3.00–5.42)

60–69 951 (12.7) 70,965 (18.2) 20.2 (15.3–26.5)

70–79 3,410 (45.6) 81,918 (21.0) 62.6 (47.9–82.0)

≥80 2,825 (37.8) 66,885 (17.1) 63.6 (48.6–83.2)

Urbanization 0.0005

Low 1,598 (21.4) 89,372 (22.9) 1.00 (reference)

Moderate 2,014 (26.9) 107,994 (27.7) 1.04 (0.98–1.11)

High 1,770 (23.7) 86,863 (22.3) 1.14 (1.06–1.22)

Very high 2,097 (28.0) 106,058 (27.2) 1.11 (1.04–1.18)

Low income 302 (4.0) 12,861 (3.3) 0.0004 1.24 (1.10–1.39)

Stay in teaching hospital 6,418 (85.8) 324,462 (83.1) <0.0001 1.23 (1.15–1.31)

Medical conditions

Hypertension 2,989 (40.0) 113,844 (29.2) <0.0001 1.62 (1.54–1.69)

Mental disorders 2,961 (39.6) 71,419 (18.3) <0.0001 2.93 (2.79–3.07)

Diabetes 1,528 (20.4) 64,051 (16.4) <0.0001 1.31 (1.24–1.39)

COPD 1,500 (20.1) 48,001 (12.3) <0.0001 1.79 (1.69–1.90)

IHD 1,137 (15.2) 30,938 (7.9) <0.0001 2.08 (1.95–2.22)

Cancer 907 (12.1) 39,692 (10.2) <0.0001 1.22 (1.14–1.31)

Osteoporosis 900 (12.0) 18,592 (4.8) <0.0001 2.74 (2.55–2.94)

Stroke 760 (10.2) 15,285 (3.9) <0.0001 2.78 (2.57–3.00)

Hyperlipidemia 483 (6.5) 25,227 (6.5) 0.9844 1.00 (0.91–1.10)

Asthma 411 (5.5) 17,148 (4.4) <0.0001 1.27 (1.15–1.40)

CHF 292 (3.9) 7,529 (1.9) <0.0001 2.07 (1.84–2.33)

Liver cirrhosis 220 (2.9) 10,880 (2.8) 0.4235 1.06 (0.92–1.21)

Renal dialysis 95 (1.3) 5,401 (1.4) 0.4043 0.92 (0.75–1.12)

IBD 81 (1.1) 2,906 (0.7) 0.0008 1.46 (1.17–1.82)

ARI 59 (0.8) 8,902 (2.3) <0.0001 0.34 (0.26–0.44)

Medication use

Anxiolytics 4,172 (55.8) 134,931 (34.6) <0.0001 2.39 (2.28–2.50)

Antiepileptics 2,119 (28.3) 36,713 (9.4) <0.0001 3.81 (3.62–4.01)

Antipsychotics 2,062 (27.6) 32,622 (8.4) <0.0001 4.18 (3.96–4.40)

Antidepressants 1,663 (22.2) 30,345 (7.8) <0.0001 3.39 (3.21–3.59)

Oral steroids 588 (7.9) 25,204 (6.5) <0.0001 1.24 (1.14–1.35)

Fracture-repair surgery 0.8170

No 1,213 (16.2) 62,912 (16.1) 1.00 (reference)

Yes 6,266 (83.8) 327,375 (83.9) 0.99 (0.93–1.06)

ARI alcohol-related illness, CHF congestive heart failure, COPD chronic obstructive pulmonary disease, IBD inflammatory bowel disease, IHD
ischemic heart disease, PD Parkinson’s disease
a Additional analysis for 1,964,622 patients with non-fracture hospitalization, the age-corrected prevalence of PD is 1.62 %
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factors for fracture among patients with PD [4, 5, 17]. These
were the potential confounding factors when analyzing the
associations between PD and fracture. To avoid bias when
investigating risk and outcomes of fracture in patients with
PD, we used multivariate regression models to adjust these
sociodemographic characteristics. In the subgroup analysis,
female gender was associated with higher risk of fracture, a

finding compatible with results of previous studies [13, 16,
17]. Women have a higher incidence of osteoporosis because
they lose bone mass faster than men due to menopause. Oste-
oporosis was considered the most important risk factor for
fracture, and this association has been well studied in both
general populations and PD patients [10, 11, 14, 20]. Hyper-
tension [27], diabetes [22], mental disorders [28], asthma or

Table 4 Risks of complications and in-hospital mortality during first fracture admission for patients with Parkinson’s disease in 2004–2010

PD (N=7,479) Non-PD (N=390,287)

Post-fracture outcomes Events (%) OR (95 % CI) Events (%) OR (95 % CI)a

Urinary tract infection 3,177 (42.5) 1.53 (1.46–1.61) 81,295 (20.8) 1.00 (reference)

Pneumonia 2,002 (26.8) 1.44 (1.36–1.52) 45,100 (11.6) 1.00 (reference)

Septicemia 1,746 (23.4) 1.41 (1.33–1.49) 42,968 (11.0) 1.00 (reference)

Stroke 1,368 (18.3) 1.40 (1.32–1.50) 32,650 (8.4) 1.00 (reference)

Mortalityb 757 (10.1) 1.25 (1.15–1.35) 16,775 (4.3) 1.00 (reference)

CI confidence interval, OR odds ratio, PD Parkinson’s disease
a Adjusted for age, sex, urbanization, low income, stay in teaching hospital, mental disorders, hypertension, chronic obstructive pulmonary disease,
ischemic heart disease, diabetes, stroke, hyperlipidemia, osteoporosis, asthma, congestive heart failure, liver cirrhosis, alcohol-related illness, inflam-
matory bowel disease, renal dialysis, anxiolytics, antiepileptics, antipsychotics, antidepressants, oral steroids, and fracture-repair surgery
b In the multivariate logistic regression analysis of post-fracture mortality, the odds ratio of fracture-repair surgery was 0.65 (95 % CI 0.62–0.67)

Table 5 Risks of subtypes of fracture and post-fracture mortality for patients with and without Parkinson’s disease

Risk of fracture Post-fracture mortality

n PY Events IRa HR (95 % CI)b n Deaths Mortality, % OR (95 % CI)b

Skull bone fracture

Non-PD 5,692 39,048 19 0.49 1.00 (reference) 20,996 1,355 6.45 1.00 (reference)

PD 1,423 10,372 6 0.58 1.32 (0.48–3.66) 163 24 14.72 1.16 (0.73–1.84)

Neck or trunk fracture

Non-PD 5,692 38,175 263 6.89 1.00 (reference) 46,901 2,175 4.64 1.00 (reference)

PD 1,423 9,875 117 11.8 2.33 (1.84–2.96) 948 80 8.44 1.09 (0.85–1.39)

Upper limb

Non-PD 5,692 38,177 245 6.42 1.00 (reference) 148,914 2,847 1.91 1.00 (reference)

PD 1,423 10,021 88 8.78 1.87 (1.87–2.44) 1,421 107 7.53 1.74 (1.40–2.15)

Lower limb

Non-PD 5,692 37,950 333 8.78 1.00 (reference) 207,819 11,585 5.57 1.00 (reference)

PD 1,423 9,823 142 14.5 1.91 (1.54–2.36) 5,285 576 10.90 1.21 (1.10–1.33)

Hip fracture

Non-PD 5,692 38,479 208 5.41 1.00 (reference) 113,656 10,172 8.95 1.00 (reference)

PD 1,423 9,931 126 12.7 2.56 (2.02–3.26) 4,896 563 11.50 1.13 (1.03–1.24)

At least two types of fracturec

Non-PD 5,692 36,005 860 23.9 1.00 (reference) 66,718 2,487 3.73 1.00 (reference)

PD 1,423 8,926 353 39.5 2.25 (1.97–2.58) 756 77 10.19 1.50 (1.17–1.93)

CI confidence interval, IR incidence rate, OR odds ratio, PD Parkinson's disease, PY person-years
a Per 1,000 person-years during the follow-up period
bAdjusted for age, sex, urbanization, low income, stay in teaching hospital, coexisting medical conditions, and medication use. Additional adjusted for
fracture-repair surgery in the model of post-fracture mortality
c At least two types of fracture (including skull bone, neck or trunk, upper limb, and/or lower limb fracture)
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chronic obstructive pulmonary disease [29. 30], ischemic
heart disease [29, 30], hyperlipidemia [31], stroke [29], liver
cirrhosis [30], and renal failure [30] have been shown to be
independently associated with risk of fracture. These were
also comorbidities for patients with PD [32, 33]. However,
previous studies were limited by inadequate control for
coexisting medical conditions when investigating the associ-
ation between PD and fracture risk [12, 14, 16, 17]. The cur-
rent study found that fracture risk increased in patients with
PD after adjustment for these potential confounding factors.

Among all subtypes of fracture, hip fracture is the most
closely linked to falls [34]. Falls are identified as a frequent
complication for people with PD [1, 8, 15, 16, 19]. Consistent
with previous studies [1, 8, 15, 16, 19], this study found that
the highest risk of subtype fracture is hip fracture for patients
with PD. Patients with PD also had increased risk of neck or
trunk, upper limb, and lower limb fracture in the present in-
vestigation. The novel finding of this study is that patients
with PD also had twofold risk of at least two types of fracture
compared with those without PD. For post-fracture mortality,
we investigated whether PD had impact on mortality after
upper or lower limb or hip fracture and at least two types of
fracture. Therefore, it is important to prevent falls and various
types of fractures caused by daily activities in patients with
PD, and specific health care protocols are needed to address
this issue.

To the best of our knowledge, the present study is the first
investigation reporting increased post-fracture pneumonia,
septicemia, stroke, urinary tract infection, and mortality in
patients with PD. Fracture and consequent need for hospital-
ization may cause deterioration of PD patients after surgery
[35]. Difficulties with self-care during inpatient treatment may
be the main reason more adverse events were found after
fracture in patients with PD. During hospitalization after frac-
tures, PD patients are often cared for by non-neurologists who
might not be familiar with PD, and complex PD medication
regimens might be interrupted resulting in reduced efficacy.
Other clinical problems associated with PD patients’ reduced
mobility such as infection, pressure ulcer, and confusion
might also be involved [36]. The importance of guidelines
and education for interdisciplinary health care teams and of
timely neurological consultation for management of PD pa-
tients during hospitalization should not be underestimated
[35–37].

Several reasons may explain why patients with PD had
increased risk of fracture. First, it is reasonable to consider
that postural instability may contribute to the correlation be-
tween PD and fracture because frequent falls are an important
and disabling feature of PD [8]. The second possible cause is
PD patients’ low bone mineral density that may lead to sub-
sequent fractures [14]. Sunlight deprivation, decreased dietary
intake of vitamin D, and prolonged periods of immobility in
advanced PD may all contribute to reduced bone mass [38,

39]. Third, sarcopenia by malnutrition in patients with PD
and possible direct negative effects of PD medication on the
osseous system are also possible explanations for the in-
creased risk of fracture in patients with PD [40–42]. The
side effects of PD-related medication include postural hypo-
tension and confusion causing loss of protective reflexes
during falls [43]. In addition, although we adjusted for de-
mentia and other mental illness in the regression models, the
treatments for these comorbidities are also risk factors for
fracture [28, 44].

The strengths of the present study included large sample
size, cohort study design, multivariate adjustment, and analyz-
ing all types of fracture. It was also not restricted by specific
patient groups because the National Health Insurance Re-
search Database is a nationwide, population-based and highly
representative database. Although previous studies have re-
ported that PD patients had increased fracture risk [12–14,
16, 17, 45], the current study is the first investigation finding
that patients with PD have increased risks of post-fracture
adverse outcomes such as pneumonia, septicemia, stroke,
and urinary tract infection after multivariate adjustment for
sociodemographics and coexisting medical conditions.

This study has limitations. First, we used insurance claims
data that lacks information on sociodemographics and life-
style correlating with the risks of fracture or PD. Second, a
study from this reimbursement claims database possibly
under-reports patients with minor fractures who neglected to
seek treatment or did not know that they had experienced
fractures. However, these data should be distributed equally
between both groups without causing bias in the results.
Third, though the accuracy of major diagnosis codes from
the research database in studies based on these has been ac-
cepted by peer reviewers for prominent scientific journals
worldwide [21–23], validity of PD, fracture, and other comor-
bidity and complication codes might still be a limitation of this
study. Future research is needed that includes prospective de-
sign and lifestyle information as covariates in multivariate
analyses. Fourth, although the risk of fracture among patients
with PD in our study is similar with previous investigations
[12–20], part of our findings (such as subtypes of fracture)
could not be generalized to Caucasian directly because the
results of this study are based on the data from Taiwan Na-
tional Health Insurance Research Database that represents the
population of Taiwan. In addition, to define patients with PD
by physician diagnoses may be not totally correct because
misdiagnosis may occur although the possibility of misdiag-
nosis is relatively very low under the inclusive criteria of phy-
sician’s primary diagnosis of PD for three visits. Finally, the
complications of PD may not evolve linearly with longer dis-
ease duration but increase exponentially after 10 or more years
of disease duration. Thus, underestimation of the influence of
PD on risk of fracture and post-fracture adverse events may
exist in this study.
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In conclusion, PD is an important independent risk factor
for fracture and post-fracture adverse outcomes. This study
provided comprehensive assessment of fracture risk and
post-fracture outcomes in patients with PD. Further studies
are needed to develop specific strategies to decrease fracture
risks and post-fracture adverse outcomes for this fragile pa-
tient population.
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