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Abstract:

Introduction: Hospitalization in Parkinson’s disease (PD) is associated with reduced
quality of life, caregiver burden and high costs. However, no large-scale studies of
rate and causes of hospitalizations in patients with PD have been published.
Objective: To investigate the rate and reasons for hospitalization and factors
associated with hospitalization among people with PD compared to the general
population.

Methods: We examined rate and causes of admission in PD patients and matched
controls in The Health Improvement Network from 2006 to 2016. Multivariable
Poisson regression was used to explore the effects of age, gender, social
deprivation, urbanicity and practice geographic location on hospitalization.

Results: In longitudinal data from 9,998 newly diagnosed individuals with PD and
55,554 controls without PD aged =50years, 39% of PD patients and 28% of controls
were hospitalised over a median follow-up 5.1years. The adjusted incidence rate
ratio(IRR) of hospitalization in PD compared to controls was 1.33(95%CI:1.29-1.37)
and rose with increased follow-up duration. Hospitalization rate was overall higher in
the older age groups, but the adjusted IRR of hospitalization compared to controls
was highest in the youngest age group. PD patients were more often admitted with
falls/fractures, infections, gastrointestinal complications, PD, dementia,
psychosis/hallucinations, postural hypotension, electrolyte disturbances, stroke and
surgical procedures and slightly less often due to hypertension.

Conclusion: People with PD have an increased hospitalization rate compared to

controls, particularly in the younger age groups, and it increases with longer disease



duration. The complications of motor and non-motor features of PD are amongst the
main reasons for admission, some of which could be managed preventatively to

avoid admissions.

Introduction

Hospitalizations are associated with worse outcomes in people with Parkinson’s
disease (PD) and may lead to worsening of their disease [1]. They can lead to
worsening of motor symptoms, hospital-acquired infections, medication errors and
higher mortality following surgical procedures [2-5]. Hospital stay in patients with PD
is longer than in other patients [6] and re-admissions are increased [7]. In addition,
the cost of hospitalization is high and likely to increase with increasing adult
population [6]. There are few studies [8, 9] on rate of hospitalization of people with
PD. Identifying rates and causes of hospitalization could help plan for and reduce
unwarranted admissions, morbidity and financial burden associated with PD [6]. We
therefore investigated the rate of and reasons for hospitalization among people with

PD in the UK compared to people without PD using a large primary care database.

Methods

Source of data

We conducted a cohort study from 15t of January 2006 until 315t of December 2016
using electronic primary healthcare records from IQVIA™ Medical Research Data
(IMRD) that incorporates data supplied by The Health Improvement Network(THIN),
a propriety database of Cegadim SA which currently covers about 6% of the UK
population and contains longitudinal data on over 17 million people [10]. Available

computerized data include demographics, details of GP consultation, diagnoses from



referrals from specialists and hospital admissions, drug prescriptions, laboratory
tests results and other health indicators including blood pressure and smoking
status. The Read classification, a hierarchical coding system is used to code
individual diagnoses, findings of examination and hospital attendances data [11].
Study Design

The study population comprised of individuals who were 50 years old and more and
were actively registered for at least six months within the general practice from 1%
January 2006 to 315t December 2016 (n=3,195,391). We conducted a cohort study
using data from THIN, among adults with incident PD compared with up to six people
without PD matched by age, gender, calendar year and practice. Individuals entered
the study at the latest date of registration with a general practice plus six months[12],
50t birthyear, or after the practice met the quality assurance criteria of acceptable
computer usage (ACU) [13] and acceptable mortality reporting (AMR) [14] and
individuals in the comparison cohort entered the study on a matched date (index
date). The index date was taken as the earliest date of PD diagnosis Read code
entry or antiparkinsonian drug code entry.

Study participants were then followed up until they died, transferred out of the
practice, the practice stopped contributing data to THIN or end of follow-up,
whichever was earliest. The National Health Service South-East Multicentre
Research Ethics Committee gave approval for the use of THIN in 2003. This study
was approved by IQVIA Medical Research Scientific Review Committee in June

2019 (SRC Reference Number: 19THINO34).

Parkinson’s disease case ascertainment in THIN



Using the Read classification [11], PD was defined by a diagnosis Read code and at
least two prescriptions of any of the five major antiparkinsonian medications
(Levodopa-containing medications, Dopamine-receptor agonists, Amantadine,
Monoamine-oxidase--B inhibitors-rasagiline and selegiline and Catechol-O-methyl
transferase inhibitors (entacapone and tolcapone)). People with a first ever recording
of PD diagnosis were identified through a computer search using Read code lists
which were generated through previously published methods [15]. This PD case
ascertainment has been reported to have a 90% validity in another similar database:

General Practise Research Database (GPRD) [16].

Exclusion criteria

Prior to study entry, all individuals with a history of PD were excluded. Those with
restless leg syndrome without PD who had been treated with dopamine agonists
were also excluded. In addition to individuals with less than six months of data from
registration within a general practice, we also excluded those with a diagnosis in the
first six months after registration because they are likely to represent previous

medical records rather than true new entries of PD diagnoses [12].

Study outcomes

The main outcome of interest was hospital admissions which were identified through
Read codes for admission. Discharge Read codes were used where the admission
codes were not available with the assumption that an admission preceded the
discharge. Admission/discharge codes within 21 days of a previous
admission/discharge code were considered same admission as the average length

of stay in hospital in the available literature was 17 (SD 7) days.



Diagnoses associated with admissions were identified using Read code entries from
date of diagnosis up to 28 days following discharge (allowing time for discharge
summaries to get to the GP practice from secondary care) after a hospital admission.
Read code lists for admission/discharge and those for reasons for admission were
developed using published methods [15]. A combination of Read codes and blood

pressure readings were used to define those with hypertension.

Covariates

Data on demographics and social deprivation were collected for each individual in
our cohort. Social deprivation was measured by Townsend score. This is categorised
into quintiles from 1 (least deprived) to 5 (most deprived). Information on urban-rural
living is provided through the Government classification system. The boundaries of
the former strategic health authorities based in England are linked to UK geographic

regions.

Statistical analysis

Baseline characteristics of the study cohort were compared using chi-squared test.
Incidence rates of hospitalization per 1,000 person-years with 95%CI were
calculated. Data were split by one-year intervals and calendar year was used as a
continuous variable with age taken as the timescale. Age categories were created in
ten years intervals. Multivariable Poisson regression analyses were used to estimate
incidence rate ratios and marginal effects adjusted for age, calendar year and other
covariates. The marginal effect which is an estimation of how much the incidence
rate is predicted to change for every unit of change in an exposure variable is useful

for visualizing effects of interactions that are difficult to interpret directly from the



model coefficients. The marginal effects for fixed values of calendar year were
calculated while holding all other variables in the model at their observed values and
estimating standard errors by using the delta method. Incidence rate ratios (after the
regression analyses) for the categorical variables were computed. We used the Wald
test to calculate p-values for multiplicative interaction terms and categorical
variables. In order to estimate robust standard errors, we used practice identifiers to
account for the effects of clustering of observations within general practices. We
investigated overdispersion by running and comparing the outputs of negative
binomial models. All statistical analyses were conducted using Stata version 16 MP

(Stata Corporation, College Station, Texas).

Results

General characteristics

The study cohort included 9,998 people with PD and 55,554 matched on age,
calendar year, gender and general practice without PD. Mean age of the study
population was 74 years (SD 8.18). Our PD cohort had more males (60.8% males vs
39.3% females). Median follow-up period was 5.10 years (IQR 4.60 to 5.80).

A total of 56,391 of hospital admissions were identified, 12,452 in the PD cohort and
43,939 in the non-PD cohort during the study period. These admissions were from
19,598 individuals: 3,857 people (39% of those with PD) were from the PD cohort
and 15,741 people (28% of those without PD) were from the non-PD cohort. The
median number of admissions among those who were admitted was 2 for both
groups. The mean number of admissions among those admitted for the PD cohort

was 3 (SD 5) and for the non-PD control cohort was 2 (SD 3) (Table 1 and Table 2).



Of the PD cohort, 1,526 had one record of admission and 2,331 had two or more
records of admissions. Females (61%), those aged 70 to 79 years (63%) and those
from the least deprived areas (61%) had two or more admissions (p <0.001)
(Supplemental Table 1).

Potential reasons for admission were identified in 3,493 of the 3,857 PD patients,

and 11,746 of the 15,741 non-PD cohort (Table 3).

Incidence rate of Hospital admissions

The overall incidence rate of hospital admissions among people with PD was 146.15
per 1,000 person-years (95%CI: 141.61 to 150.84) and 108.98 per 1,000 person-
years (95%CI: 107.29 to 110.70) in those without PD (Supplemental Table 2).

After accounting for age, gender, calendar year, geographic location of practice,
urbanization, socio-economic and smoking status, incidence of hospital admissions
among individuals with PD was higher than the non-PD cohort (IRR: 1.33,
95%Cl:1.29 to 1.37) (Table 2). Rate of hospital admissions increased with longer
time from diagnosis or index date (Figure 1 and Supplemental Table 3).

Within the PD cohort, overall incidence rate stratified be gender was 147.48 (95% CI:
141.63 to 153.58) for males and 144.14 (137.06 to 151.58) for females.

After adjusting for age, calender year, geographic location of practice, urbanization,
socio-economic and smoking status there were no sex related differences in

hospitalisation (Supplementary Table 4 and 6).

Factors associated with increased hospital admissions
Among the PD cohort, after accounting for age, gender, calendar year, social

deprivation, smoking, urbanicity and practice geographical location, adjusted



incidence rates for admissions in the younger age groups (50 to 59 and 60 to 69)
were approximately 40% higher than those in the non-PD cohort in the same age
groups. Adjusted incidence rates for admissions appeared to gradually level up in
the older age groups: the adjusted incidence rate for age group 50 to 59 in the PD
versus non-PD cohort was 108.95 per 1,000 person-years (95%Cl 92.39 to 125.50)
versus 60.28 per 1,000 person-years (95%CIl: 54.70 to 65.86) whereas the adjusted
incidence rates for age group >90 years for the PD versus non-PD cohort was
204.09 per 1,000 person-years (95%Cl: 171.07 to 237.11) versus 192.59 per 1,000
person-years (95%CI: 175.60 to 209.57) (Figure 2 and Supplemental Table 5).
There was no relationship between rates of hospitalization between people with and
without PD regarding urbanicity, UK countries and social deprivation (Supplemental
Table 5).

Reasons for admissions

Whilst the most common potential reasons for hospitalization in both groups were
falls, fractures, infections (mainly chest, urinary tract and skin and subcutaneous
tissue infections), gastrointestinal complications (mainly dysphagia, constipation,
nausea and vomiting) and dementia, they were more common in patients with PD,
as were postural hypotension, electrolyte disturbances, stroke, surgical procedures
(such as laser surgery for glaucoma, neurosurgery, cardiothoracic, plastic and
gastrointestinal surgery in addition to other non-specified minor and major surgical
procedures) and psychosis/hallucinations, the latter being 7 times more common in
the PD population. Additionally, patients with PD were admitted due to their PD only
(i.e the potential reason for admission recorded was Parkinson’s disease). On the
other hand, hypertension was slightly less common reason for admission in those

with PD than controls. There were no differences in the rates of admissions for



myocardial infarction/ischaemic heart disease, congestive heart failure and other
cardiovascular causes and cancer between people with PD and controls (Table 3).
Reasons for admission stratified by age group

Since younger patients may have different reasons for admissions, we stratified
reasons for admission by age groups: 50 to 69 years and 70 years and more.

Stroke and postural hypotension were a more common reason for admission in
those with PD than in matched controls only in in the older age group and electrolyte
imbalance only in the younger PD population. Only in the older PD population were
myocardial infarction/ischaemic heart disease, congestive heart failure and
hypertension less common than in matched controls. Other differences between PD

and controls were seen in both age groups (Supplemental Table 7 and 8).

Reasons for admission among the PD cohort stratified by gender

Within the PD cohort, reasons for admission were stratified based on gender.
Myocardial infarction/ischaemic heart disease and postural hypotension were a
more common reason for admissions among men with PD. Whilst falls were a
slightly more common reason in men with PD, fractures were a considerably more
common reason for admission in females with PD. Other reasons for admissions

were seen equally in both male and female patients with PD (Supplemental Table 9).

Discussion

Rate of Hospital admissions

The rate of hospital admissions among people with PD in UK primary care was 1.33
times higher than the matched control population and was increased from the year of

diagnosis but rose with increasing disease duration. Whilst there are no comparable

10



studies in the UK population, this rate ratio of hospitalization is comparable, albeit
slightly lower, to the results of previous studies where people with Parkinsonism
were reported to be 1.5 (USA) [8] and 1.44 (Canada) [9] times more likely to be
admitted to hospital compared to controls. Our slightly lower rates could be
explained by the fact that these studies were conducted in prevalent cohorts rather
than incident cohorts which, whilst not reported, are likely to have had longer
average disease durations. In addition, they included patients with parkinsonism,
including atypical parkinsonism which has a higher morbidity and worse prognosis.
Furthermore, differences in healthcare systems, for example predominantly out-
patient based management and lower number of hospital beds per population in the
UK, could have contributed to the lower rate ratio for hospitalization of people with
PD in the UK.

The difference in admission rates was most marked in the younger age groups of
people with PD but gradually levelled off in the older age groups. Nevertheless,
patients in the older age group were still being admitted more frequently than
patients with PD in the younger age group. There were no differences in rates of
admission between males and females in people with and without PD, and no
associations between rates of hospital admissions between people with and without

PD regarding urbanicity, UK countries and social deprivation.

Reasons for hospitalization

Potential reasons for hospitalization identified in our study is in keeping with the
known features of advancing PD, including its increasing motor complications with
freezing, motor fluctuations and postural instability, and a range of non-motor

symptoms such as neuropsychiatric complications, postural hypotension,

11



constipation, urinary dysfunction and complications of treatment, including electrolyte
disturbances, hallucinations and dyskinesias [17]. Deteriorating motor control may
lead to admissions either due to deterioration of mobility or the consequences of falls
and fractures [18], dysphagia leading to aspiration pneumonia [19], bladder
dysfunction leading to urinary tract infections, constipation necessitating admission,
and antiparkinsonian medication together with PD contributing to postural
hypotension [20, 21] and electrolyte disturbances and exacerbating delusions
particularly in those with dementia. Whilst some of these are not necessarily
preventable, careful monitoring for infections, falls risk assessments, assessment of
bladder residual and rapid testing for urinary tract infections, adjustment and review
of medications, swallowing assessments and multi-disciplinary treatment such as
speech therapy and physiotherapy [22], all have the potential to reduce the risk of
hospitalization [23].

Of note, hypertension was slightly less common reason for admission in those with
PD than in controls, which may be a reflection of the reduction of blood pressure by
PD and antiparkinsonian medications. Similarly, in the older age group, myocardial
infarction/ischaemic heart disease and congestive heart failure was a less common
diagnosis at admission in the PD cohort. On the other hand, stroke was a more
common reason for admission in people with PD in the older age group, even after
adjustment for smoking status. This has not been reported previously but it could be
speculated that blood pressure variability with hypotension and nocturnal supine
hypertension may increase the risk of stroke [24]. This finding highlights the
importance of carefully managing complication of postural hypotension, which often
significantly affects quality of life but is typically difficult to manage and may result in

supine hypertension. On the other hand, in the younger age group, admission due to
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myocardial infarction/ischaemic heart disease and congestive heart failure, were not
different between patients with PD and matched controls, perhaps reflective of the
lower rate of hypertension.

Similar to our study, several studies [8, 9, 25] have reported infections, falls and
fractures as the main reasons for hospital admissions among people with PD. Whilst
also common in the older population without PD [26], it was higher in the PD
population in both older and younger age groups. Psychosis/hallucinations were
considerably more common reasons for admission in patients with PD than in the
non-PD population, and this difference was most marked in the younger age group,
with a 19-fold increase in risk of admission compared to controls. Dementia was also
a more common cause of admission in the younger age group, with a 11-fold higher
rate compared to controls and is known to be associated with psychosis in PD.
Whilst we did not examine medication doses, antiparkinsonian medication doses are
typically higher in the younger age group which is likely to have contributed to the
higher rate of hallucinations and psychosis [27-29] as well as to the higher rate of
postural hypotension as a more common cause of admission in the younger age
group of patients with PD.

Previous reports on the rates of admission for cardiovascular diseases and stroke in
patients with and without PD have provided mixed results [8, 20, 21]. Some studies
[8] showed that people with PD compared to controls without PD are more likely to
be admitted for cardiovascular diseases such as myocardial infarction/ischaemic
heart disease, chronic heart failure and stroke while others found no difference or
less representation [20, 21, 30]. Overall, there is speculation that the risk of
cardiovascular diseases and stroke is low in people with PD. This is attributed to

reduced vascular risk factors and lower smoking rates in people with PD. In contrast,
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in a recent meta-analysis, the risk of cardiovascular disease and stroke were
reported to be higher in PD especially in the older age group [31], similar to this
study.

In keeping with previous studies [21], reason for admission attributed to cancer was
not different between patients with PD and matched controls. This was same for both
PD age groups. The risk of cancer has previously been reported to be lower in PD
compared to control populations [32, 33].

In this study, we show that people with PD were more likely to be admitted for
gastrointestinal complications including dysphagia, nausea and vomiting, and
constipation compared to the control cohort with higher rates. Similar to our study,
one study [21] reported gastrointestinal complications as a top reason for
hospitalization in PD. Gastrointestinal problems such as dysphagia may lead to
swallowing problems resulting in aspiration pneumonia which is reported to be the
commonest cause of death in people with PD [34]. Early identification of dysphagia
through regular assessment of swallowing function and implementation of changes
to dietary consistency may prevent aspiration pneumonia [9] and subsequent

hospitalization.

Strengths and limitations

In addition to our large cohort size, a strength of this study is that we examined
incident cases which allows follow up from early disease, and is more informative on
an individual prognostic basis. The main limitation of this study is that we were
unable to validate hospital admissions or reasons for hospitalization in the database
since these data were based on primary care recording of secondary care reports,

which may have led to underreporting of admissions and diagnoses. Attribution of
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symptom recording in relation to admission may also not be precise as coinciding
admission date and symptom recording does not necessarily indicate they are
directly related. For some admissions, the diagnosis associated with admission could
not be determined. Another limitation is that we were unable to account for the
presence/absence of caregivers which may contribute or modify risk for hospital
admissions, the type of treatment received, and disease severity because this is not
well recorded in this database.

Finally, we relied on GP codes for clinical diagnoses of PD which may have resulted
in misclassification of PD cases and inclusion of some atypical cases.

Nevertheless, this is by far the largest study of hospital admissions in PD conducted
to date, in a representative sample and based on routine records, avoiding recall and
selection bias. These data therefore provide reasonably robust information on the

rate and diagnoses associated with admissions of patients with a diagnosis of PD.

Conclusion

Our study found higher rates of hospitalization in people with PD, due to a range of
causes many of which relate to symptoms or complications of PD. It is important to
develop strong evidence based specific interventions directed at specific
complications of PD in order to reduce the risk of hospitalization among people with

PD resulting in a better quality of life for the patients, reduced burden and costs.
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Table 1: Cohort characteristics

Characteristics PD Non-PD control group  *p-value
cohort
(n =9,998) (n =55,554)
Gender n (%)
Men 6,093 (60.94) 33,778 (60.68) 0.624
Women 3,905 (39.06) 21,886 (39.32)
Age group n (%)
50 to 59 years 786 (7.86) 4,403 (7.91) 0.787
60 to 69 years 2,320 (23.21) 12,961 (23.29)
70 to 79 years 4,149 (41.50) 23,170 (41.63)
80 to 89 years 2,507 (25.08) 13,941 (25.05)
90 years and over 236 (2.35) 1,189 (2.31)
Townsend score n (%)
1(least deprived) 2,791 (27.92) 13,746 (24.69) <0.001
2 2,300 (23.00) 12,399 (22.27)
3 1,872 (18.72) 10,815 (19.43)
4 1,421(14.21) 8,728 (15.68)
5(most deprived) 882 (8.82) 5,565 (10.00)
Missing 732 (7.32) 4,411 (7.92)
Urbanicity n (%)
Urban 5,785 (57.86) 31,878 (57.27) <0.201
Town 1,024 (10.24) 5,632 (10.12)
Rural 625 (6.25) 3,336 (5.99)
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No records

UK Countries n (%)
England

Northern Ireland
Wales

Scotland

Smoking status n (%)
Non-smoker
Ex-smoker

Current smoker
Missing

2,564 (25.65)

38,837 (69.77)
2,804 (5.04)
8,502 (15.27)
5,521 (9.92)

5,444 (54.45)
3,091 (30.92)
685 (6.85)
778 (7.78)

14,818 (26.62)

7,006 (70.07)
492 (4.92)
1,510 (15.10)
990 (9.90)

24,514 (44.04)
18,624 (33.46)
7,280 (13.06)
5,259 (9.45)

0.918

<0.001

PD-Parkinson’s disease. *Chi-squared test
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Table 2: Number and rates of hospital admissions

Variables PD cohort Non-PD p-value
n =9998 control cohort
n = 55,664

Number of people admitted at least 3,857 (39%) 15,741 (28%) <0.001
once

Median number of admissions 2(1to4) 2(1to 3)

among those admitted n (IQR)

Person-years, per 1,000 26.39 144.43

Unadjusted incidence rate, per 1,000 146.15 (141.61to 108.98 (107.29

PY (95% CI) 150.84) to 110.70)

Unadjusted incidence rate ratio 1.34(1.30t0 1.39) 1 (reference) <0.001
Incidence rate ratio (95% CI) adjusted 1.33(1.28t0 1.37) 1 (reference) <0.001

age, gender, calendar year social
deprivation, smoking, urban-rural and
UK countries.

PD-Parkinson’s disease
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Table 3: Reasons for hospitalization among the admitted cohort.

PD cohort Non-PD control cohort
Reasons for hospital Number Rate admitted for the reason Number Rate admitted for the Incidence rate ratio *p-value
admission admitted per 1,000 person-years admitted reason per 1,000 person-
(95% Confidence Interval) years
(95% Confidence Interval) (95% Confidence Interval)
Neuropsychiatric 138 5.23 (4.43 10 6.18) 97 0.67 (0.55t0 0.82) 7.59 (5.82 t0 9.89) <0.001
complications (psychosis
and hallucinations)
Dementia 282 15.73 (14.28 t0 17.31) 668 4.50 (4.17 to 4.86) 3.49 (3.06 to 3.99) <0.001
Myocardial 86 3.26 (2.64 to 4.03) 569 3.90 (3.59 t0 4.23) 0.80 (0.64 to 1.01) 0.057
infarction/Ischaemic heart
disease
Congestive heart failure 95 3.60 (2.94 to 4.40) 649 4.48 (4.15 to 4.85) 0.80 (0.63 to 1.00) 0.052
Stroke 168 6.33 (5.44 t0 7.36) 698 4.80 (4.46 t0 5.18) 1.30 (1.11 to 1.52) 0.001
Hypertension 92 3.49 (2.84 to 4.28) 639 4.37 (4.04 t0 4.72) 0.79 (0.63 to 1.00) 0.038
Gastrointestinal 417 15.80 (14.36 to 17.39) 1,330 9.21 (8.7310 9.72) 1.69 (1.51 to 1.90) <0.001
complications
Falls 517 19.59 (17.97 to 21.35) 1,206 8.35 (7.89 to 8.83) 2.33(2.10to 2.59) <0.001
Fractures 316 11.94 (10.69 to 13.33) 734 5.02 (4.67 t0 5.41) 2.34 (2.03t0 2.69) <0.001
Infections 444 16.82 (15.33 to 18.46) 1,623 11.23 (10.70 to 11.79) 1.50 (1.34 t0 1.67) <0.001
Other cardiovascular 212 8.00(6.99 to 9.15) 1,052 7.23 (6.81 to 7.69) 1.08 (0.93 to 1.26) 0.323
causes
Cancer 250 9.47 (8.37 to 10.72) 1406 9.69 (9.20 to 10.21) 0.97 (0.851t0 1.11) 0.665
Postural hypotension 229 8.68 (7.62 to 9.88) 341 2.34 (2.10 to 2.60) 3.60 (3.05 to 4.26) <0.001
Electrolyte imbalance 79 2.99 (2.40to 3.73) 295 2.04 (1.82to0 2.29) 1.48 (1.15to 1.90) 0.003
Parkinson’s disease 177 6.71 (5.79t0 7.77) NA NA NA NA
Surgical causes 273 10.31 (9.15 to 11.61) 1,107 7.66 (7.22 10 8.12) 1.30 (1.13to0 1.49) <0.001
Not identified 82 3,327

PD-Parkinson’s disease. NA-not applicable *Mutually adjusted for age, gender, calendar year, social deprivation and smoking
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Rate of hospital admissions following PD diagnosis/index date

300
|

250
|

150
|

100
|

1 2 3 4 5 6 7 8
Years since PD diagnosis/index date

Rate of hospital admissions per 1000 person-years
200
1

—@—— Non-PD cohort —@—— PD cohort

Figure Caption
Fig. 1. Association between disease duration and incidence rate of hospital

admissions for people with Parkinson’s disease and the non-Parkinson’s disease
control cohort.
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Admission rates by age group with 95% Cls
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Fig. 2. Association between age group and incidence rate of hospital admissions for
people with Parkinson’s disease and the non-Parkinson’s disease control cohort.
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Supplemental materials:

Supplemental Table 1. Cohort characteristics based on number of
admissions among the PD population

Characteristics PD people with 1 record PD people with >1
of admission record of admission

Number of PD people admitted 1,526 (39.56) 2,331 (60.43)

n (%)

Gender n (%)
Men
Women

Age group n (%)
50 to 59 years
60 to 69 years
70 to 79 years
80 to 89 years
90 years and over

Townsend score n (%)
1(least deprived)

2

3

4

5(most deprived)

No records

Urbanicity n (%)
Urban

Town

Rural

No records

UK Countries n (%)
England

Northern Ireland
Wales

Scotland

Smoking status n (%)
Non-smoker
Ex-smoker

Current smoker
Missing

948 (40.46)
578 (38.18)

126 (45.32)
345 (39.20)
626 (37.09)
389 (41.43)
40 (55.56)

426 (39.12)
378 (40.91)
271 (38.60)
215 (40.41)
144 (42.35)
92 (34.07)

852 (37.55)
187 (44.95)
109 (43.78)
378 (40.95)

1,037 (37.90)
80 (32.26)
229 (48.62)
180 (44.78)

808 (38.44)
488 (40.53)
116 (40.14)
114 (43.51)

1,395 (59.54)
936 (61.82)

152 (54.68)
535 (60.80)
1,062 (62.91)
550 (58.57)
32 (44.44)

663 (60.88)
546 (59.09)
431 (61.40)
317 (59.59)
196 (57.65)
178 (65.93)

1,417 (62.45)
229 (55.05)
140 (56.22)
545 (59.05)

1,699 (62.10)
168 (67.74)
242 (51.38)
222 (55.22)

1,294 (61.56)
716 (59.47)
173 (59.47)
148 (56.49)

PD-Parkinson’s disease
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Supplemental Table 2: Crude incidence rates of hospital admissions among people with PD and Non-PD control cohort

Parkinson’s disease cohort

Non-Parkinson’s disease control cohort

Variables Events Person-Years  Incidence rate (95% CI) Events Person-Years Incidence rate (95% ClI)
(1000) (1000)

Overall 3,857 26.39 146.15 (141.61 to 150.84) 15,741 144.43 108.98 (107.29 to 110.70)

Age group

50 to 59 183 1.70 107.35 (92.87 to 124.09) 574 9.49 60.51 (55.76 to 65.67)

60 to 69 692 5.95 116.38 (108.02 to 125.38) 2546 32.30 78.82 (75.82 to 81.94)

70to 79 1570 11.03 142.35 (135.48 to 149.57) 6195 59.39 104.32 (101.75 to 106.95)

80 t0 89 1273 7.02 181.45 (171.75 to 191.70) 5680 39.22 144.83 (141.12 to 148.65)

>90 139 0.69 202.08 (171.13 to 238.63) 746 4.04 184.49 (171.71 to 198.21)

Gender

Male 2343 15.89 147.48 (141.63 to 153.58) 9533 86.54 110.16 (107.97 to 112.39)

Female 1514 10.50 137.06 (137.06 to 151.58) 6208 57.89 107.23 (104.60 to 109.93)

Year

2006 80 0.44 180.08 (144.64 to 224.20) 313 2.22 140.98 (126.20 to 157.50)

2007 211 1.20 175.76 (153.58 to 201.15) 752 5.91 127.32 (118.54 to 136.75)

2008 317 1.86 170.25 (152.50 to 190.06) 1196 8.74 136.81 (129.27 to 144.78)

2009 390 2.38 164.09 (148.59 to 181.21) 1459 11.03 132.26 (125.64 to 139.22)

2010 412 2.72 151.44 (137.50 to 166.79) 1571 12.97 121.12 (115.28 to 127.26)

2011 461 2.98 154.53 (141.05 to 169.30) 1706 15.24 111.94 (106.75 to 117.38)

2012 458 3.18 143.90 (131.30 to 157.70) 1973 17.35 113.74 (108.83 to 118.87)

2013 421 3.24 129.96 (118.12 to 142.99) 1914 18.66 102.56 (98.07 to 107.26)

2014 453 3.21 141.15 (128.73 to 154.76) 1923 19.47 98.76 (94.45 to 103.28)

2015 409 2.81 145.68 (132.22 to 160.50) 1606 17.59 91.33 (86.97 to 95.90)

2016 245 2.36 103.65 (91.45 to 117.47) 1328 15.26 87.03 (82.47 t0 91.84)

Townsend quintile

1 (least deprived) 1089 7.57 143.84 (135.55 to 152.65) 3938 37.03 106.34 (103.07 to 109.72)

2 924 6.16 150.0 (140.63 to 159.99) 3471 32.03 105.42 (101.97 to 108.99)

3 702 4.87 144.25 (133.96 to 155.32) 3066 28.13 109.0 (105.21 to 112.93)

4 532 3.73 142.74 (131.11 to 155.40) 2511 21.67 115.87 (111.43 to 120.49)

5 (most deprived) 340 2.18 156.04 (140.30 to 173.54) 1547 14.24 108.67 (103.39 to 114.22)

No records 270 1208

Urban-rural 1

1 = Urban >10k-Sparce 4 0.02 197.17 (74.0 to 525.33) 4 0.19 21.35(8.01 to 56.88)

2 = Town & Fringe-Sparce 29 0.24 120.48 (83.73 to 173.38) 96 1.16 82.61 (67.63 to 100.90)

3 = Village, Hamlet, & Isolated dwellings - 19 0.18 105.66 (67.40 to 165.65) 79 0.92 85.72 (68.76 to 106.87)

Sparce

4 = Urban > 10k — Less sparse 2265 14.84 152.66 (146.50 to 159.07) 9308 81.19 114.65 (112.34 to 117.0)

5 = Town & Fringe — Less sparse. 387 2.49 155.70 (140.94 to 172.01) 1545 13.51 114.39 (108.83 to 120.24)
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6 = Village, Hamlet & Isolated dwellings —
Less sparse.

No records
Urban-rural 2
Urban

Town

Rural

No records

UK Countries
England
Northern Ireland
Wales

Scotland

UK Regions
East Midlands
East of England
London

North East

North West
Northern Ireland
Scotland

South Central
South East Coast
South West
Wales

West Midlands
Yorkshire and Humber

230

923

2269
416
249
923

2736
248
471
402

46

254
359
64

367
248
471
454
457
369
402
292
74

151

14.86
2.73
1.69

17.73
1.25
4.48
291

0.44
151
2.44
0.59
2.33
1.25
4.48
2.86
3.09
2.13
2.92
1.97
0.37

152.07 (133.64 to 173.05)

152.72 (146.56 to 159.13)
152.59 (138.61 to 167.99)
147.14 (129.95 to 166.60)

154.28 (148.61 to 160.17)
197.99 (174.82 to 224.23)
105.02 (95.96 to 114.95)

137.71 (124.89 to 151.86)

103.57 (77.57 to 138.27)

168.37 (148.89 to 190.40)
147.22 (132.75 to 163.27)
107.86 (84.42 to 137.80)

157.49 (142.17 to 174.45)
197.99 (174.82 to 224.23)
105.02 (95.96 to 114.95)

158.58 (144.65 to 173.86)
147.88 (134.93 to 162.08)
173.54 (156.71 to 192.18)
137.71 (124.89 to 151.86)
148.48 (132.39 to 166.53)
198.38 (157.96 to 249.15)

869
3840

9312
1641
948

3840

11,276
988
1893
1584

189
986
1507
280
1573
988
1893
1925
1898
1431
1584
1212
275

13.50

7.46

81.38
14.67
8.38

97.17
7.76

24.19
15.32

2.12
8.10
13.59
3.08
13.24
7.76
24.19
15.35
16.90
11.80
15.32
10.74
2.25

116.48 (108.99 to 124.49)

114.43 (112.13 to 116.78)
111.86 (106.59 to 117.42)
113.10 (106.13 to 120.54)

116.04 (113.92 to 118.21)
127.38 (119.68 to 135.58)
78.26 (74.82 to 81.87)
103.39 (98.42 to 108.61)

89.01 (77.19 to 102.65)
121.72 (114.35 to 129.56)
110.92 (105.46 to 116.66)
90.94 (80.89 to 102.25)
118.78 (113.06 to 124.80)
127.38 (119.68 to 135.58)
78.26 (74.82 to 81.87)
125.39 (119.91 to 131.12)
112.34 (107.40 to 117.51)
121.22 (115.10 to 127.67)
103.39 (98.42 to 108.61)
112.84 (106.67 to 119.38)
122.45 (108.80 to 137.81)

30



Supplemental Table 3: Adjusted hospitalization rates (adjusted for age, gender, calendar year, social deprivation and smoking)

following PD diagnosis/index date for non-PD cohort

Variables PD cohort Non-PD cohort
Events Person *Adjusted hospitalization p- Events Person- *Adjusted hospitalization p- Incidence rate **p- **Ep-
-Years rate (95% CI) value Years rate (95% ClI) value ratio value value
(1000) (1000)
Years following diagnosis/index date
First year 1220 8.75 132.94 (124.74t0 141.14) <0.001 5312 46.49 109.91 (105.64 to 114.16) <0.001 1.21(1.14t01.29) <0.001 0.001
Second year 849 6.28  132.63 (122.96 to 142.30) 3424 32.70 104.05 (99.20 to 108.90) 1.27(1.19t0 1.37) <0.001
Third year 615 436  142.58 (129.97 to 155.19) 2436 23.09 107.48 (101.82 to 113.13) 1.32(1.21to 1.45) <0.001
Fourth year 455 2.89 163.81 (146.50to 181.12) 1613 15.90 105.43 (98.62 to 112.24) 155(1.40t0 1.72) <0.001
Fifth year 319 1.83 187.78 (166.50 to 209.07) 1183 10.69 117.03 (108.50 to 125.57) 1.60(1.42t0 1.81) <0.001
Sixth year 193 1.20 195.84 (167.35t0 224.32) 741 6.88 116.06 (105.52 to 126.60) 1.69 (1.45t01.97) <0.001
Seventhyear 104 0.62 193.04 (154.28 to 231.80) 501 4.22 131.08 (116.72 to 145.44) 1.47(1.19t01.82) <0.001
Eighth year 102 0.54  226.55 (183.02 to 270.07) 531 4.46 135.79 (121.58 to 150.00) 1.67 (1.35t02.06) <0.001

PD-Parkinson’s disease
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Supplementary Table 4: Crude incidence rates of hospital admissions among male and female people with PD

Male Parkinson’s disease cohort

Female Parkinson’s disease cohort

Variables Events Person- Incidence rate (95% CI) Events Person- Incidence rate (95% CI)
Years (1000) Years (1000)

Overall 2,343 15.89 147.48 (141.63 to 153.58) 1,514 10.50 144.14 (137.06 to 151.58)

Age group

50 to 59 116 1.08 107.14 (89.31 to 128.52) 67 0.62 107.71 (84.78 to 136.86)

60 to 69 446 3.82 116.79 (106.44 to 128.15) 246 2.13 115.65 (102.06 to 131.04)

70to 79 951 6.61 143.98 (135.11 to 153.42) 619 4.42 139.91 (129.31 to 151.38)

80 t0 89 753 4.04 186.12 (173.29 to 199.90) 520 2.97 175.09 (160.67 to 190.80)

>90 77 0.33 230.57 (184.41 to 288.27) 62 0.35 175.20 (136.59 to 224.71)

Townsend quintile

1 (least deprived) 707 4.74 149.31 (138.70 to 160.73) 382 2.84 134.73 (121.87 to 148.94)

2 562 3.83 146.84 (135.19 to 159.50) 362 2.33 155.18 (139.99 to 172.02)

3 420 2.93 143.32 (130.25 to 157.70) 282 1.94 145.66 (129.61 to 163.69)

4 294 2.07 142.10 (126.76 to 159.31) 238 1.66 143.54 (126.41 to 162.99)

5 (most deprived) 204 1.22 167.11 (145.68 to 191.69) 136 0.96 141.93 (119.97 to 167.90)

No records 156 114

Urban-rural 2

Urban 1,365 8.80 155.13 (147.11 to 163.58) 904 6.06 149.22 (139.80 to 159.27)

Town 259 1.72 150.22 (132.99 to 169.67) 157 1.01 156.68 (134.00 to 183.21)

Rural 157 1.69 149.49 (127.84 to 174.80) 92 8.38 143.29 (116.81 to 175.78)

No records 562 361

UK Countries

England 1,649 10.54 156.40 (149.03 to 164.14) 1,087 7.19 151.17 (142.44 to 118.21)

Northern Ireland 148 0.79 187.00 (159.16 to 219.68) 100 0.46 216.88 (178.28 t0 263.84)

Wales 285 2.68 106.41 (94.75 to 119.51) 186 1.81 102.97 (89.18 to 118.88)

Scotland 261 1.87 139.31 (123.40 to 157.28) 141 1.05 134.85 (114.33 to 159.05)
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Supplemental Table 5: Adjusted incidence rates and ratios of hospitalization by age group, gender, social deprivation, urban-rural,

UK countries.

Variables PD group Non-PD control group
Events Person *Adjusted Incidence rate p- Events Person *Adjusted Incidence rate p- Incidence rate ratio  **p- *rkp-
-Years (95% CI) value -Years (95% CI) value value value
(1000) (1000)
Age group
50 to 59 183 1.70 108.95 (92.39 to 125.50) <0.001 574 9.49 60.28 (54.70 to 65.86) <0.001 1.79(1.52t02.11) <0.001 <0.001
60 to 69 692 5.95 117.82 (108.22 t0 127.42) 2546 32.30  79.03 (74.93 to 83.14) 149 (1.37to1.61) <0.001
70to 79 1570 11.03  144.10 (135.99 to 152.22) 6195 59.39  104.91 (100.63 to 109.20) 1.37(1.30to 1.44)  <0.001
80 to 89 1273 7.02 184.76 (173.64 to 195.87) 5680 39.22  147.86 (141.63 to 154.09) 1.25(1.17t01.32) <0.001
>90 139 0.69 204.09 (171.07 to 237.11) 746 4.04 192.59 (175.60 to 209.57) 1.06 (0.89t0 1.26) 0.492
Gender
Male 2343 15.89  150.21 (142.78 to 157.64) 0.3706 9533 86.54  112.39(108.15t0 116.63) 0.0457 1.34(1.29t01.40) <0.001 0.938
Female 1514 10.50 147.21 (138.70 to 155.72) 6208 57.89  108.31 (103.82 to 112.80) 1.35(1.28t01.42)  <0.001
Townsend
quintile
1(least 1089 7.57 144.33 (133.44 to 155.22) 0.6200 3938 37.03 107.16 (101.72to 112.61) 0.0110 1.35(1.27to1.44) <0.001 0.076
deprived)
2 924 6.16 154. 59 (143.78 to 165.40) 3471 32.03  107.33 (102.17 to 112.49) 143 (1.33t01.54) <0.001
3 702 4.87 148.03 (136.43 to 159.63) 3066 28.13  110.90 (105.13t0 116.67) 1.34(1.24t01.45) <0.001
4 532 3.73 146.06 (133.32 to 158.79) 2511 21.67 117.0(110.97 to 123.02) 1.25(1.14t01.36)  <0.001
5(most 340 2.18 156.18 (139.42 to 172.94) 1547 14.24 110.62 (103.55to 117.69) 1.41 (1.27 to 1.57) <0.001
deprived)
No records 270 1208
Urban-
rural
Urban 2269 14.86  149.45 (137.57 to 161.33) <0.001 9312 81.38 111.31(105.31t0 117.31) 0.8632 1.34(1.28t01.41) <0.001 0.952
Town 416 2.73 149.31 (131.76 to 166.87) 1641 14.67  110.11 (101.05to0 119.18) 1.36 (1.24t01.49)  <0.001
Rural 249 1.69 147.45 (126.79 to 168.10) 948 8.38 114.42 (104.22 to 124.61) 1.31(1.16t01.48) <0.001
No records 923 3840
UK
Countries
England 2736 17.73  155.22 (144.46 to 165.98) <0.001 11,276 97.17 115.90(110.50t0 121.31) <0.001 1.33(1.28t01.39) <0.001 0.141
Northern 248 1.25 211.0 (159.79 to 262.20) 988 7.76 140.92 (117.53 to 164.30) 1.55(1.37 t0 1.74) <0.001
Ireland
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Wales 471 4.48 107.23 (81.70 to 132.75) 1893 24.19  81.69 (67.14 to 96.23) 1.34(1.23t0 1.45) <0.001
Scotland 402 2.92 142.06 (127.0 to 157.13) 1584 15.32  106.04 (97.16 to 114.92) 1.33 (1.22t0 1.45)  <0.001 |

PD Parkinson’s disease. *Mutually adjusted for age, gender, calendar year, social deprivation, urban-rural, UK countries and smoking. **Wald test for
categorical variables. ***Wald test for interaction terms.
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Supplemental Table 6: Adjusted incidence rates and ratios of hospitalization among the PD cohort stratified by gender (adjusted

for age group, calendar year, social deprivation, urban-rural, UK countries and smoking).

Variables PD Male group PD Female group
Events Person *Adjusted Incidence rate p- Events Person *Adjusted Incidence rate p- Incidence rate ratio  **p- *rkp-
-Years (95% CI) value -Years (95% CI) value value value
(1000) (1000)
Overall 2,343 15.89  150.01 (142.49 to 157.53) <0.001 1,514 10.50 145.62 (137.16to 154.07) <0.001 1.03(0.72t01.14) 0.372 0.984
Age group
50 to 59 116 1.08 107.51 (86.79 to 128.23) <0.001 67 0.62 107.51 (86.79 to 128.23) <0.001 1.00(0.02t01.11) 0.060 0.702
60 to 69 446 3.82 117.40 (105.67 to 129.13) 246 2.13 115.91 (101.06 to 130.76) 1.01 (0.68to 1.44)  0.960
70to 79 951 6.61 144.09 (134.28 to 153.92) 619 4.42 142.69 (130.83 to 154.56) 1.00 (0.71to 1.40)  0.970
80 to 89 753 4.04 186.80 (173.40 to 200.20) 520 2.97 179.97 (163.84 to 196.08) 1.04 (0.68t01.37) 0.847
>90 77 0.33 228.43 (178.40 to 278.45) 62 0.35 175.92 (134.26 to 217.59) 1.29(0.49t01.38) 0.263
Townsend quintile
1(least 707 4.74 145.21 (133.65 to 156.77)  0.6200 382 2.84 140.96 (129.35 to 152.57) 0.0110 1.05(1.07to1.14) 0.078  0.422
deprived)
2 562 3.83 155. 57 (144.21 to 166.93) 362 2.33 151.02 (138.77 to 163.28) 1.16 (0.99t0 1.38)  0.068
3 420 2.93 149.45 (131.94 to 158.21) 282 1.94 145.08 (131.94 to 158.21) 1.10(0.92t0 1.31) 0.300
4 294 2.07 147.31 (134.02 to 160.59) 238 1.66 143.00 (129.33 to 156.67) 1.13(0.76 to 1.25)  0.246
5(most 204 1.22 157.63 (140.13 to 175.13) 136 0.96 153.02 (135.96 to 170.08) 1.01(0.76 to 1.55)  0.825
deprived)
No records 156 114
Urban-rural
Urban 1,365 8.80 150.53 (138.01 to 163.05) <0.001 904 6.06 146.13 (133.59 to 158.66) 0.8632 1.03(0.83t01.13) 0.728  0.957
Town 259 1.72 149.94 (132.02 to 167.86) 157 1.01 145.55 (127.84 to 163.26) 1.02(0.81t01.30) 0.844
Rural 157 1.69 148.26 (127.44 to 169.07) 92 8.38 143.92 (123.01 to 164.83) 1.03(0.72t0 1.27)  0.790
No records 562 361
UK Countries
England 1,649 10.54 156.48 (145.24to 167.71) <0.001 1,087 7.19 151.90 (139.88 t0 163.90) <0.001 1.03(0.83t01.14) 0.234 0.644
Northern 148 0.79 212.17 (160.13 to 264.20) 100 0.46 205.95 (155.44 to 256.47) 1.22(0.89to 1.65) 0.215
Ireland
Wales 285 2.68 108.75 (80.24 to 130.90) 186 1.81 105.57 (80.24 to 130.90) 1.03(0.80t0 1.19)  0.837
Scotland 261 1.87 143.70 (128.03 to 159.36) 141 1.05 139.49 (123.48 to 155.50) 1.03(0.81t01.21) 0.905

PD-Parkinson’s disease. *Mutually adjusted for age, calendar year, social deprivation, urban-rural, UK countries and smoking. **Wald test for categorical
variables. ***Wald test for interaction terms.
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Supplemental Table 7: Reasons for hospitalization among the admitted cohort who are in the younger age group (50 to 59 and 60
to 69 years).

PD cohort Non-PD control cohort

Reasons for hospital Number Rate admitted for the Number Rate admitted for the Incidence rate ratio *p-value
admission admitted reason per 1,000 person- admitted reason per 1,000 person-

years years

(95% Confidence Interval) (95% Confidence Interval) (95% Confidence Interval)
Neuropsychiatric 45 4.61 (3.44t06.18) 12 0.23 (0.13t0 0.40) 19.46 (10.65 to 35.56) <0.001
complications (psychosis
and hallucinations)
Dementia 102 10.45 (8.61 to 12.69) 48 0.92 (0.69 to 1.22) 11.41 (7.96 to 16.35) <0.001
Myocardial 30 3.07 (2.15to0 4.40) 157 3.00 (2.56 to 3.50) 0.96 (0.65 to 1.43) 0.851
infarction/Ischaemic heart
disease
Congestive heart failure 19 1.95 (1.24 to 3.05) 102 1.95 (1.60 to 2.36) 1.00 (0.60 to 1.65) 0.986
Stroke 31 3.18 (2.23t0 4.52) 132 2.50 (2.10to0 2.97) 1.28 (0.84 to 1.93) 0.245
Hypertension 42 4.30 (3.18 t0 5.83) 226 4.31 (3.79to 4.91) 0.94 (0.68to 1.32) 0.733
Gastrointestinal 140 14.35 (12.16 to 16.93) 285 5.44 (4.84 10 6.11) 2.57 (2.07 to 3.21) <0.001
complications (dysphagia,
constipation, nausea and
vomiting)
Falls 109 11.17 (9.26 to 13.48) 174 3.32 (2.86 to 3.85) 3.28 (2.54 t0 4.24) <0.001
Fractures 89 9.02 (7.32t0 11.12) 139 2.60 (2.19 to0 3.07) 3.32 (2.52 10 4.37) <0.001
Infections 125 12.81 (10.75 to 15.27) 386 7.35 (6.65 10 8.12) 1.74 (1.41t0 2.13) <0.001
Recorded as 56 5.74 (4.42 to 7.46) 273 5.21 (4.63 to 5.87) 1.06 (0.78 to 1.43) 0.711
cardiovascular causes
Cancer 78 7.99 (6.40 to 9.98) 369 7.04 (6.36 to 7.80) 1.10 (0.86 to 1.41) 0.449
Postural hypotension 67 6.87 (5.41 10 8.73) 56 1.05 (0.81 to 1.37) 6.32 (4.36 to 9.15) <0.001
Electrolyte imbalance 21 2.15(1.40to 3.30) 49 0.94 (0.71to 1.24) 2.31(1.39t0 3.84) 0.001
Parkinson’s disease 44 4.00 (2.92t0 5.47) NA NA NA NA
Surgical causes 85 8.71(7.04 to 10.78) 320 6.11 (5.48 t0 6.82) 1.37 (1.05to0 1.78) 0.018
Not identified 75 1,368

PD-Parkinson’s disease. *Mutually adjusted for age, gender, calendar year, social deprivation and smoking.
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Supplemental Table 8: Reasons for hospitalization among the admitted cohort who are in the older age group (70 years and

more).

Parkinson’s disease cohort

Non-Parkinson’s disease control cohort

Reasons for hospital Number Rate admitted for the Number Rate admitted for the reason Incidence rate ratio *p-value
admission admitted reason per 1,000 person- admitted per 1,000 person-years

years (95% Confidence Interval)

(95% Confidence Interval) (95% Confidence Interval)
Neuropsychiatric 93 5.59 (4.56 to 6.85) 85 0.92 (0.75t0 1.14) 5.91 (4.37 t0 8.01) <0.001
complications (psychosis
and hallucinations)
Dementia 180 18.82 (16.84 to 21.02) 620 6.54 (6.04 to 7.08) 2.83 (2.45 10 3.28) <0.001
Myocardial 56 3.37 (2.59 10 4.37) 412 4.41 (4.00 to 4.86) 0.74 (0.56 to 1.00) 0.036
infarction/Ischaemic heart
disease
Congestive heart failure 76 4.57 (3.6510 5.72) 547 5.93 (5.45 to 6.45) 0.76 (0.59 to 1.00) 0.038
Stroke 137 8.18 (6.91 to 9.67) 566 6.12 (5.63 t0 6.64) 1.31(1.10to 1.57) 0.003
Hypertension 50 3.01 (2.28 to 3.97) 413 4.40 (4.00 to 4.85) 0.68 (0.50 to 0.93) 0.015
Gastrointestinal 277 16.65 (14.80 to 18.73) 1,045 11.35 (10.68 to 12.06) 1.45 (1.27 to 1.66) <0.001
complications (dysphagia,
constipation, nausea and
vomiting)
Falls 408 24.53 (22.26 to 27.03) 1,032 11.21 (10.55 to 11.92) 2.17 (1.94 t0 2.44) <0.001
Fractures 227 13.65 (11.98 to 15.54) 595 6.41 (5.91 t0 6.95) 2.11 (1.79 to 2.48) <0.001
Infections 319 19.18 (17.18 to 21.40) 1,237 13.44 (12.71 to 14.21) 1.42 (1.26t0 1.61) <0.001
Recorded as cardiovascular 156 9.32 (7.96 to 10.91) 779 8.39 (7.82 t0 9.00) 1.09 (0.91 to 1.30) 0.338
causes
Cancer 172 10.34 (8.90 to 12.01) 1,037 11.20 (10.54 to 11.90) 0.92 (0.78 to 1.08) 0.312
Postural hypotension 162 9.74 (8.35t0 11.36) 285 3.07 (2.74 to 3.45) 3.08 (2.54 t0 3.73) <0.001
Electrolyte imbalance 58 3.49 (2.70 to 4.51) 246 2.67 (2.36 to 3.03) 1.31 (0.97 to 1.76) 0.078
Parkinson’s disease 133 8.30 (7.02 to 9.80) NA NA NA NA
Surgical causes 188 11.24 (9.74 t0 12.97) 787 8.54 (7.96 to 9.16) 1.27 (1.09 to 1.49) 0.003
Not identified 7 1,959

PD-Parkinson’s disease. *Mutually adjusted for age, gender, calendar year, social deprivation and smoking.
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Supplemental Table 9: Reasons for hospitalization among the admitted PD cohort stratified by gender

Male PD cohort

Female PD control cohort

Reasons for hospital Number Rate admitted for the reason Number Rate admitted for the reason Incidence rate ratio *p-value
admission admitted within per 1,000 person-years admitted per 1,000 person-years (95% Confidence Interval)

the PD cohort (95% Confidence Interval) (95% Confidence Interval)
Neuropsychiatric 138 83 5.22 (4.21 t0 6.48) 55 5.24 (4.02 to 6.82) 1.04 (0.73 t0 1.48) 0.814
complications (psychosis
and hallucinations)
Myocardial 86 65 4.09 (3.21t0 5.22) 21 2.08 (1.27 to 3.40) 2.08 (1.27 to 3.40) 0.003
infarction/Ischaemic heart
disease
Congestive heart failure 95 61 3.84 (2.99 t0 4.94) 34 3.24 (2.31t0 4.53) 1.30 (0.83 to 2.05) 0.255
Stroke 168 94 5.92 (4.83t0 7.24) 74 6.95 (5.53 10 8.74) 0.92 (0.69 to 1.23) 0.578
Hypertension 92 59 3.71 (2.88't0 4.79) 33 3.14 (2.23t0 4.42) 1.21 (0.75to 1.95) 0.428
Gastrointestinal 417 251 15.80 (13.96 to 17.88) 166 15.80 (13.57 to 18.40) 1.02 (0.82to 1.24) 0.883
complications
Falls 517 328 20.65 (18.53 t0 23.01) 189 18.00 (15.60 to 20.75) 1.20 (1.01 to 1.44) 0.040
Fractures 316 151 9.44 (8.05 to 11.08) 165 15.02 (13.49 to 18.30) 0.62 (0.50 to 0.78) <0.001
Infections 444 284 17.88 (15.91 to 20.08) 160 15.23 (13.05 t0 17.79) 1.22 (1.01 to 1.48) 0.036
Other cardiovascular 212 132 8.31(7.01 t0 9.85) 80 7.52 (6.03 t0 9.38) 1.16 (0.86to 1.52 0.304
causes
Cancer 250 156 9.82 (8.39t0 11.49) 94 8.95 (7.31 to 10.95) 1.11 (0.85 to 1.45) 0.447
Postural hypotension 229 153 9.63 (8.23 t0 11.28) 76 7.24 (5.78 to 9.06) 1.40 (1.07 to 1.84) 0.015
Electrolyte imbalance 79 39 2.45 (1.79 to 3.36) 40 3.81 (2.79t0 5.19) 0.67 (0.42 to 1.05) 0.078
Parkinson’s disease 177 110 6.92 (5.74 to 8.35) 67 6.38 (5.02 to 8.10) 1.13 (0.82 to 1.55) 0.442
Surgical causes 273 160 10.00 (8.57 to 11.69) 113 10.76 (8.95 to 12.94) 0.93 (0.74 t0 1.18) 0.559
Not identified 217 147

PD-Parkinson’s disease. *Mutually adjusted for age, gender, calendar year, social deprivation and smoking.
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Supplemental Table 10: Reasons for hospitalization among the admitted cohort (Unadjusted IRRS)

Parkinson’s disease cohort

Non-Parkinson’s disease control cohort

Reasons for hospital Number % Rate admitted for the Number % Rate admitted for the Incidence rate ratio *p-
admission admitted reason per 1,000 person- admitted reason per 1,000 person- value
years years
(95% Confidence Interval) (95% Confidence Interval) (95% Confidence Interval)
Neuropsychiatric 138 3.58 5.23 (4.43 10 6.18) 97 0.62 0.67 (0.55to 0.82) 7.79 (6.01 to 10.10) <0.001
complications
(psychosis and
hallucinations)
Dementia 282 4.15 15.73 (14.28 t0 17.31) 688 1.18 4.50 (4.17 to 4.86) 3.49 (3.06 to 3.99) <0.001
Myocardial
infarction/Ischaemic
heart disease 86 2.23 3.26 (2.64 to 4.03) 569 3.61 3.90 (3.59 to 4.23) 0.84 (0.67 to 1.04) 0.112
Congestive heart 95 2.46 3.60 (2.94 to 4.40) 649 4.12 3.60 (2.94 to 4.40) 0.80 (0.64 to 1.01) 0.056
failure
Stroke 168 4.36 6.33 (5.44 to 7.36) 698 4.43 4.80 (4.46 t0 5.18) 1.32 (1.12to 1.54) 0.001
Hypertension 92 2.39 3.49 (2.84 t0 4.28) 639 4.06 4.37 (4.04 t0 4.72) 0.80 (0.64 to 1.0) 0.051
Gastrointestinal 417 10.81 15.80 (14.36 to 17.39) 1,330 8.45 9.21 (8.7310 9.72) 1.72 (1.53t0 1.92) <0.001
complications
Falls 517 13.40 19.59 (17.97 to 21.35) 1,206 7.66 8.35 (7.89 t0 8.83) 2.35(2.12 to 2.60) <0.001
Fractures 316 8.19 11.94 (10.69 to 13.33) 734 4.66 5.02 (4.67 to 5.41) 2.37 (2.07 t0 2.72) <0.001
Infections 444 11.51 16.82 (15.33 to 18.46) 1,623 10.31 11.23 (10.70 to 11.79) 1.50 (1.351t0 1.67) <0.001
Recorded as 212 5.50 8.0 (6.99 t0 9.15) 1,052 6.68 7.23 (6.81to0 7.69) 1.10 (0.95 to 1.28) 0.193
cardiovascular
causes
Cancer 250 6.48 9.47 (8.37 t0 10.72) 1406 8.93 9.69 (9.20t0 10.21) 0.98 (0.8510 1.12) 0.738
Postural hypotension 229 2.29 8.68 (7.62 t0 9.88) 341 0.61 2.34 (2.10to0 2.60) 3.70 (3.14 to 4.37) <0.001
Electrolyte imbalance 79 0.79 2.99 (2.40t0 3.73) 295 0.53 2.04 (1.82t0 2.29) 1.47 (1.14 to0 1.88) 0.003
Parkinson’s disease 177 4.59 NA NA NA NA NA
Surgical causes 273 2.73 10.31 (9.15t0 11.61) 1,107 1.99 7.66 (7.22 t0 8.12) 1.35(1.17 to 1.54) <0.001

Not identified

*unadjusted
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