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AbstrACt
Objectives A nationwide cohort study on the risk of 
dementia onset after first diagnosis of Parkinson’s disease 
(PD) is lacking. This study aims to assess 11 years of 
incidence and the HRs for developing dementia in patients 
with PD compared with matched controls.
Design A population-based cohort study.
setting National Health Insurance database in Taiwan.
Participants A total of 5932 patients with PD were 
identified, and 29 645 age-matched, sex-matched and 
index year-matched PD-free individuals were randomly 
selected.
Outcome measures All subjects were linked to the 
claim data to identify the first diagnosis of dementia. The 
Poisson assumption was used to estimate the incidence 
rate. Cause-specific hazards models with a partitioning of 
time at 1 year to account for proportionality were used to 
estimate the risk of dementia onset.
results The median duration from the first diagnosis of 
PD to the development of dementia was 9.02 years. In 
the first partition (≦ 1 year), the incidence of dementia in 
the PD and control groups was 114.49 and 9.76 per 1000 
person-years, respectively, with an adjusted HR of 6.43 
(95% CI 5.46 to 7.57). In the second partition (>1 year), the 
incidence of dementia in the PD and control groups was 
30.99 and 10.83 per 1000 person-years, with an adjusted 
HR of 2.42 (95% CI 2.23 to 2.61). Notably, in the second 
partition, both men and women aged <70 years had the 
highest HR (3.82, 95% CI 2.79 to 5.22 and 4.27, 95% CI 
3.25 to 5.63, respectively).
Conclusions This study noted an increased risk of 
dementia after a diagnosis of PD. The magnitude of effect 
estimation was higher in men in the first partition but was 
similar in both genders in the second partition. PD patients 
aged <70 years have the highest risk of dementia in any 
given partition time.

IntrODuCtIOn  
Dementia, a symptom of cognitive distur-
bances, can be potentially disabling and can 
also be related to increased mortality rates 
and costs.1 2 Thus, information about which 
patients will eventually develop dementia is 
an important issue in public health and clin-
ical practice.3 

Parkinson’s disease (PD) has been asso-
ciated with the development of cognitive 
impairment.4 However, most previous studies 
on the association between PD and dementia 
risk have been conducted in western coun-
tries,5–19 and information for Asian PD popu-
lations is lacking. Moreover, to identify robust 
HRs of dementia in PD requires a large 
sample size cohort and a sufficiently long 
follow-up time to observe the development 
of symptoms of dementia in incident cases of 
PD.

To the best of our knowledge, there has 
been no whole population-based nationwide 
cohort study on this topic,5–23 and only few 
cohort studies have involved incident cases of 
PD to investigate the frequency of dementia 
with a follow-up period of more than 10 years. 
The Sydney Multicentre Study of PD followed 
136 newly diagnosed patients with PD more 
than 20 years and reported that 83% of the 30 
survivors developed dementia. However, only 
PD cases who received low-dose levodopa or 
low-dose bromocriptine were included in this 
study, which may not represent PD within the 

strengths and limitations of this study

 ► The study strengths include the fact that it is a na-
tionwide, retrospective cohort design for 11 years 
with more accurate estimates of the incidence rates 
of dementia by using the first diagnosed PD cases 
rather than the prevalent cases as study subjects.

 ► A multivariate Cox proportional hazard regression 
with a competing risk analysis was used to control 
the confounding bias and account for the competing 
risk of death.

 ► We were unable to consider a comprehensive list of 
potential confounders, such as smoking, educational 
level, physical function and genes in the analysis be-
cause of the limited information available from the 
claims data.

 ► Another limitation is the lack of clinical symptoms 
and subtypes of dementia.
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population as a whole.19 The CamPaIGN study followed 
121 newly diagnosed PD cases for 10 years, of which 41 PD 
cases developed dementia. This study estimated dementia 
incidence in PD subjects was 54.7 per 1000 person-years 
(95% CI 35.4 to 74.1), which was 2.6-fold higher than that 
in an age-matched and geographically matched popula-
tion. However, this study also only included only a few 
newly diagnosed PD cases (n=121).9

Moreover, many studies have included prevalent 
PD cases at varying disease stages to investigate the 
risk of dementia, which may have caused survival 
bias.6–8 10 12–15 17 18 20 22 23 For example, the Rotterdam study 
recruited 72 prevalent and 67 incident PD cases with only 
an overall mean follow-up time of 6.9 years and found 
a positive association between PD and dementia inci-
dence.14 In Taiwan, the only population-based study with 
a case–control design also showed a positive association 
between PD and the risk of dementia.22 However, poten-
tial survival bias resulting from recruitment of prevalent 
PD cases at various disease stages may have been present 
in these studies.

Some studies have reported that older age5–10 13 15 20 23 
and male gender5 are related to increased dementia risk 
in PD; however, information regarding the age-stratified 
and sex-stratified dementia incidence rate in PD is scant. 
In addition, many patients with PD may have medical 
comorbidities such as stroke, hypertension, diabetes 
mellitus, hyperlipidaemia and coronary heart disease, 
which may have modification effects on the relation-
ship between dementia and PD.7 16 17 22 However, little 
research has examined medical comorbidities as a poten-
tial confounding factor that should be controlled for.7 22 23 
Moreover, because of the increased age and comorbid-
ities in a long-term follow-up study, competing risk of 
death should be considered. However, none of studies on 
this topic have considered death as a competing risk,6–21 23 
which may induce potential attrition bias and tend to 
distort the study results.

Given the above-mentioned methodological prob-
lems and limited information on this topic, the associa-
tion between PD and the risk of dementia needs to be 
further explored. Therefore, in this study, a nationwide 
population-based cohort study was conducted to estimate 
11 years of incidence and the HRs for development of 
dementia in patients with first-diagnosed PD by age and 
sex and by comorbidities (ie, hypertension, diabetes, 
coronary artery disease [CAD], stroke, hyperlipidaemia 
and chronic obstructive pulmonary disease [COPD]), 
after accounting for the competing risk of death.

MethODs
Data source
The dataset was drawn from ambulatory care claims, 
inpatient claims and the updated registry for beneficia-
ries retrieved from Taiwan’s National Health Insurance 
Research Database (NHIRD), as provided by the National 
Health Insurance Administration (NHIA), Ministry of 

Health and Welfare, Taiwan. A universal National Health 
Insurance (NHI) programme has been implemented in 
Taiwan since 1995, and more than 99% of Taiwan resi-
dents enrolled in the NHI programme after 2000. The 
NHIA has contracts with 92.5% of the hospitals and 
clinics in Taiwan.24 The NHIA performs quarterly expert 
reviews on a random sample of every 50–100 ambulatory 
and inpatient claims in each hospital and clinic to ensure 
the accuracy of the claims data.24 Therefore, information 
obtained from the NHIRD is considered to be complete 
and accurate. The NHI datasets have been used in 
many published epidemiological studies on PD25 26 and 
dementia.27

Patient and public involvement
We conducted this study by using the NHIRD. No patients 
or members of the public were involved in the develop-
ment of the research question and outcome measures. 
Also, no patients or members of the public were involved 
in setting out the design of this study, nor were they 
involved in the recruitment of and conducting of the 
study. The study results were not disseminated to the 
study subjects.

study design, cohorts and covariates
This was a retrospective cohort study from 2002 to 2012. 
We selected 5932 eligible patients with PD between 2002 
and 2003 from a previous study for which sample selec-
tion details were discussed previously.28 In brief, the PD 
cohort in this study included all cases with at least three 
medical claims (either outpatient or inpatient care) with 
a diagnostic code of PD (International Classification of 
Diseases, 9th Revision, Clinical Modification [ICD-9-CM] 
code 332.0) who are receiving at least three times of 
prescriptions of anti-Parkinsonism medications, including 
L-dopa or dopamine agonist prescriptions after a first-
time diagnosis between 2002 and 2003. Moreover, the 
first and last outpatient or inpatient visits and anti-Parkin-
sonism medication records were separated by at least 90 
days to avoid accidental inclusion of miscoded patients.

To ensure that the PD diagnosis was reliable and consis-
tent, cases were excluded if: (1) an age on the index date 
of less than 40 years who are more likely to have a genetic 
aetiology; (2) a diagnostic code of secondary Parkin-
sonism (ICD-9-CM code: 332.1) during the study period; 
(3) receipt of any neuroleptic medication 180 days prior 
to the index date; and (4) three or more medical claims 
(either ambulatory or inpatient care) with diagnostic 
codes of dementia prior to the index date. The first date 
of initial diagnosis of PD in the period of 2002 to 2003 was 
set as the index date.

We previously conducted a pilot study to validate the 
accuracy of the ICD-9 coding in patients with PD.28 In 
this study, medical records including symptoms/signs, 
diagnostic procedures, use of antiparkinsonism medica-
tion, as well as response to medication of 290 randomly 
selected patients with ICD-9-CM coded 332.0 were exam-
ined in detail by three experienced neurologists from 
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January to October 2012. Among these 290 cases, 245 
were confirmed as PD patients based on the aforemen-
tioned clinical information. The sensitivity, specificity, 
positive predictive value and negative predictive value 
were 97.6%, 92.3%, 98.8% and 85.7%, respectively. The 
accuracy of our method for identifying PD cases was 
96.9%. Moreover, cases in this study were ascertained 
using the ICD code and required having been prescribed 
at least three times of antiparkinsonism medication 
including L-dopa or a dopamine agonist to minimise the 
possibility of miscoding.

The control subjects were selected from those who had 
not been diagnosed with PD or treated with any anti-PD 
medications during the entire study period and met the 
same exclusion criteria as those set for the patients with 
PD. These control subjects were matched by age (each 
5 year span), sex and year of index date for patients with 
PD at a 5:1 ratio. As a result, 29 645 control subjects were 
identified. For the control groups, the index date was 
either 1 January 2002 or 1 January 2003.

Baseline comorbidities that may be associated with an 
increased risk of dementia were identified for the PD and 
control groups. These included hypertension, diabetes, 
CAD, stroke, hyperlipidaemia and COPD observed 
before the index date. The comorbidity score observed 
before the index date was calculated using the Charlson 
comorbidity index, which is a weighted summery 
measure of common comorbid conditions adopted for 
use with ICD-9-CM-coded administrative databases.29–31 
Information on the geographic area, urbanisation level, 
occupational status and salary-based insurance premium 
at the index date was also obtained from the registry for 
beneficiaries. The number of medical visits within 1 year 
after the index date was adjusted to decrease the poten-
tial presence of surveillance bias because subjects with 
PD visit clinics more frequently and thus may have more 
opportunities to be diagnosed as having dementia.

end point and statistical analysis
The main outcome variable was the initial occurrence of 
dementia (ICD-9-CM code: 290, 294.1, 331.0 and 331.82). 
A study in Taiwan has previously reported that the 
diagnostic accuracy of dementia is approximately 90% 
when relying on diagnosis codes (ICD-9-CM) to identify 
dementia.27 To increase the validity of dementia identi-
fication, only dementia cases diagnosed with ≧3 ambu-
latory visits or ≧1 hospitalisation were included in this 
study. We did not distinguish the subtypes of dementia 
because of data limitations due to a lack of information 
regarding symptoms/signs, lab data and image findings, 
and further outcome analyses with dementia subtype clas-
sifications, such as dementia with Lewy bodies (DLB), 
Alzheimer’s dementia, frontotemporal dementia and 
just Parkinson’s disease dementia (PDD), were not 
performed. However, according to the criteria set forth 
by the consensus report of the Lewy Body Consortium,32 
clinicians and researchers use the ‘one year rule’ to help 
verify the diagnoses of DLB and PDD. Thus, we analysed 

the dementia incidence within and after 1 year of PD 
diagnosis, respectively.

We followed the study subjects from the index date 
to the first diagnosis of dementia, withdrawal from the 
NHI or 31 December 2012, whichever came first. The 
incidence density of dementia was calculated using an 
age-specific and sex-specific and comorbidity-specific 
stratified analysis based on the Poisson assumption. The 
cumulative events and rates of dementia according to the 
PD status over the study period were calculated using a 
Kaplan-Meier analysis, and the log-rank test was used to 
test the between-group differences.

Since death is the competing risk of dementia occur-
rence in this long-term follow-up study, analytical 
approaches used in competing risk settings must be 
used to assess the association between PD and the risk 
of dementia. Cause-specific hazards models, one of the 
most common analytical methods used in competing 
risk settings, are better suited for studying the aetiology 
of diseases.33 The cause-specific hazard is the instanta-
neous risk of dying from a particular cause k given that 
the subject is still alive at time t.34 Thus, in this study, a 
Cox proportional hazard regression with competing risk 
models, according to cause-specific hazards models, was 
performed to assess the HR of dementia in relation to PD.

In addition, we performed a sex-stratified and age-strat-
ified analysis and a comorbidity-stratified analysis to 
examine the potential effect modifications by age, sex 
and comorbidity on the association between PD and the 
risk of dementia. Plots of log (−log (survival function)) vs 
log (time) were drawn to test for violations of the propor-
tional hazards assumption. Therefore, separate time-par-
titioned models were created, and the hazards within 
each partition were assessed. Proportionality was held 
for the new models partitioned at 1 year. If we modelled 
the hazards for ≤1 year (ie, the first time partition), the 
censoring day for subsequent events was 1 year. If we 
modelled the hazards for >1 year (ie, the second time 
partition), subjects with earlier events were included and 
considered to be censors (because the exclusion of these 
subjects may lead to a survival bias). A p<0.05 was consid-
ered significant.

results
The distributions of age and gender were no signif-
icant difference in both groups. The percentages of 
patients with PD who lived in urban (54.7% vs 51.8%) 
and suburban (35.6% vs 33.2%) areas and in northern 
(45.6% vs 44.8%) and central (25.5% vs 24.9%) Taiwan 
were higher than those of the controls. The prevalence 
rates of the risk factors for dementia were high in patients 
with PD. The PD cohort had fewer white-collar workers 
(25.0% vs 31.2%, p<0.0001), a lower insurance premium 
(percentage with none or a lower than median insur-
ance premium: 69.5 vs 60.0, p<0.0001), a higher Charl-
son’s score (percentage with score of 1 to ≧2: 52.1% vs 
25.4%, p<0.0001) and a higher frequency of medical visits 



4 Liu C-C, et al. BMJ Open 2019;9:e025274. doi:10.1136/bmjopen-2018-025274

Open access 

(39.6 vs 21.9 per year, p<0.0001), than the control group 
(table 1).

Figure 1 shows the cumulative incidence of dementia 
in patients with and without PD. The cumulative inci-
dence of dementia for PD was significantly higher than 
the corresponding data observed in the non-PD group 
(log-rank test, p<0.0001).

Among the total of 5932 first diagnosed PD cases, only 
492 of these cases (8.3%) were derived from inpatient 
records. The adjusted HRs of dementia either in the 
overall PD cases or in the PD cases only enrolled in an 
outpatient group were significantly higher than those in 
the control group without PD. The median duration from 
the overall first diagnosis of PD to the development of 
dementia was 9.02 years.

During the 11 years of follow-up, a total of 
1836 patients with PD developed dementia, and 1226 
patients with PD died without developing dementia. In 
the same period, a total of 3159 control subjects devel-
oped dementia, and 5223 control subjects died without 
developing dementia. In the period within 1 year after 
the index date (ie, the first time partition), a total of 
5932 PD subjects encountered 624 medical episodes due 
to first diagnosed dementia in the 5450.09 person-years 
observed, representing incidence densities of dementia of 
114.49 per 1000 person-years. In the same period, a total 
of 29 645 PD subjects encountered 285 medical episodes 
due to first diagnosed dementia in 29 208.39 person-years 
observed, representing incidence densities of dementia 
of 9.76 per 1000 person-years. Noticeably, the incidence 
density of dementia increased with age irrespective of PD 
status and sex, and the highest incidence was observed in 
those aged ≧80 years. The adjusted HR of dementia in 
relation to PD was significantly increased at 6.43 (95% CI 
5.46 to 7.57) and was higher in men than in women (HR: 
7.18, 95% CI 5.73 to 9.01 vs 5.54, 95% CI 4.39 to 6.99). In 
addition, there was a significant interaction of PD with 
age on the risk of dementia for both men (p=0.02) and 
women (p<0.0001) (table 2).

In the years following the PD diagnosis (ie, the second 
time partition), the overall incidence density of dementia 
was much lower (table 2). The change in incidence 
density between the first and the second partition was 
more pronounced in the PD group (from 114.49 to 30.99 
per 1000 person-years) than in the control group (from 
9.76 to 10.83 per 1000 person-years). The age-specific and 
sex-specific incidence densities had a similar pattern in 
terms of change. However, no significant difference in 
the sex-specific HRs of dementia was observed (p=0.23). 
There was a significant interaction of PD status with age 
(p<0.0001) in both sexes. Further analyses of age-specific 
and sex-specific HRs showed the highest HR was observed 
in women with PD aged <70 years (HR: 4.27; 95% CI 3.25 
to 5.63).

Impact of PD on the risk of dementia by comorbidity 
is shown in table 3. Irrespective of the various time 
partitions, the incidence of dementia increased with 
the number of comorbidities in both groups. The PD 

group had the highest risk of dementia across various 
medical comorbidity stratifications or Charlson’s scores 
after adjusting for baseline characteristics. In the first 
time partition, the interaction of PD with hypertension 
(p=0.01), CAD (p=0.02), stroke (p<0.0001) and COPD 
(p=0.04) on the risk of dementia also was statistically 
significant, indicating that subjects without hyperten-
sion, CAD, stroke and COPD had a higher adjusted HR 
for dementia. However, although the adjusted HR for 
dementia was also higher in subjects without diabetes 
and hyperlipidaemia than in those with medical comor-
bidities, there was no statistically significant modification 
effect by diabetes and hyperlipidaemia on the association 
between PD and the risk of dementia. In terms of the 
Charlson’s scores, subjects with scores of 0 had a higher 
adjusted HR for dementia than those with scores of 1 and 
≧2. The interactions were significant for PD with Charl-
son’s score (p=0.01) on the risk of dementia.

In the second time partition, effect modification by 
hypertension (p<0.0001), CAD (p=0.01) and stroke 
(p<0.0001) was statistically significant for dementia, indi-
cating that subjects without those medical comorbidities 
had a higher adjusted HR for dementia. Among patients 
with diabetes, hyperlipidaemia or COPD, adjusted HR 
for dementia also showed a statistically significant high 
risk from 2.02 (95% CI 1.68 to 2.43) to 2.21 (95% CI 
1.89 to 2.59), but no significant modification effect was 
found for those with medical comorbidities on the asso-
ciation between PD and the risk of dementia. In terms 
of the Charlson’s scores, subjects with scores of 0 had a 
higher adjusted HR for dementia than those with scores 
of 1 and ≧2. Also, a significant modification effect of 
Charlson’s scores on the association between PD and 
the risk of dementia (p=0.01) was found. Regardless of 
whether medical comorbidities existed or not, the HRs 
for dementia were greater in the first time partition but 
were smaller in the second time partition.

DIsCussIOn
To the best of our knowledge, this is the first nation-
wide population-based cohort study to demonstrate that 
patients with the first diagnosis of PD are associated 
with increased risk of dementia compared with non-PD 
patients. However, our study showed a sharply increased 
hazard of dementia within 1 year after the first diagnosis 
of PD, which is clinically and biologically questionable, 
probably because a large proportion of patients with 
dementia remain undiagnosed before the index date of 
their first clinical visit for PD.

In other words, many patients with pre-existing cogni-
tive impairment and PD were classed as new PD cases 
because their condition had deteriorated and had only 
been recognised because they had been referred for an 
expert opinion. This is also supported by the decline in 
the number of PD patients with dementia in the subse-
quent period of observation. In this study, we found 
that the overall risk of dementia onset increased nearly 
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Table 1 Characteristics of the study subjects

Variables*

PD group Control group

P valuen % n %

Age (years)

  <70 1852 31.2 4220 31.2 1.00†

  70–74 1314 21.2 6570 21.2

  75–79 1460 24.6 7300 24.6

  ≧80 1306 22.0 6515 22.0

Mean (±SD) 72.5±9.4 70.8±12.7

  Sex 1.00†

  Male 3116 52.6 15 580 52.6

  Female 2813 47.4 14 065 47.4

Insurance premium (NTD) <0.0001†

  Dependent 2333 39.9 9721 33.8

  <Median (19,200) 1734 29.6 7753 26.2

  ≧Median 1787 30.5 12 171 41.0

  Mean (±SD)§ 7102.6±11 122.9 10194.0±13 197.8

Urbanisation status 0.01†

  Urban 3203 54.7 15 197 51.8

  Suburban 2085 35.6 9741 33.2

  Rural 566 9.8 4424 15.0

Geographic area <0.0001†

  Northern 2670 45.6 13 130 44.8

  Central 1491 25.5 7288 24.9

  Southern 1519 25.9 7957 27.1

  Eastern 174 3.0 931 3.2

Occupational status <0.0001†

  White collar 1482 25.0 9242 31.2

  Blue collar 2075 35.0 11 846 40.0

  Others 2375 40.0 8557 28.8

History of comorbidity

  Without comorbidities 1151 19.4 16 393 55.3 <0.0001†

  Hypertension 3578 60.3 11 431 38.6 <0.0001†

  Diabetes 1430 24.1 4112 13.9 <0.0001†

  CAD 1955 33.0 4890 16.5 <0.0001†

  Stroke 1977 33.3 2924 9.9 <0.0001†

  Hyperlipidaemia 1089 18.4 3013 10.2 <0.0001†

  COPD 1719 29.0 5624 19.0 <0.0001†

Charlson’s score <0.0001†

  0 2841 47.9 22 123 74.6

  1 1707 28.8 4640 15.7

  ≧2 1384 23.3 2282 9.7

Mean number of medical visits (±SD) 39.6 (±26.5) 21.9 (±19.7) <0.0001‡

Total 5932 100.0 29 645 100.0

*Inconsistency between the total population and the population summed for individual variables was due to missing information.
†Based on χ2 test.
‡Based on a Student’s t-test.
§The dependent insurers were not included.
CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; NTD, New Taiwan dollars. 
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twofold in up to 11 years (adjusted HR: 2.42, 95% CI 2.23 
to 2.61) among those who survived at least 1 year and had 
an initial PD diagnosis thereafter. The magnitude of this 
association varied according to different age and sex strat-
ifications. In general, the increased risk of dementia was 
higher in men in the first partition but was similar in both 
genders in the second partition. In addition, younger 
patients with PD have the highest risk of dementia in 
any given partition time. The study results can provide 
physicians and patients with valuable information and 
also demonstrate the need for guidelines for detection of 
dementia risk after the initial diagnosis of PD.

Our study shows that a reasonably increased hazard 
of dementia more than 1 year after diagnosis of PD is 
more likely to be real and may suggest evidence of the 
mechanisms supported by the Braak pathology staging 
hypothesis.35 36 Our findings were similar to another 
population-based case control study in Taiwan,22 which 
showed the risk of developing dementia in prevalent 
Parkinsonism was highest in the first 6 months (adjusted 
OR (AOR): 11.98, 95% CI 8.51 to 16.68) and then became 
lower in the following months to years after diagnosis.

Age is known to be a risk factor for dementia in the 
general population37 38 and in the PD patient popu-
lation.5–10 13 15 20 23 This may be caused by ageing of 
non-dopaminergic structures (ie, the locus ceruleus and 
pedunculopontine nucleus).39 However, a modifying 
effect of age on the risk of dementia after PD may be 
present in our study. For example, we found that patients 
with PD had a significantly higher overall risk of dementia 
than those in the control group, particularly in subjects 
aged <70 years. This result is similar to the findings of 
some prior studies.13 18

Male sometimes is identified as a risk factor for 
dementia in PD5; however, there is no clear explanation 
for this finding. In our study, we found that the risk of 
dementia was similar in both men and women who had 
first-diagnosed PD 1 year later (HR: 2.44, 95% CI 2.19 
to 2.73 and HR: 2.41, 95% CI 2.15 to 2.69, respectively). 
Accordingly, patients with PD, especially younger patients 
in both sexes, could be selected in future studies as a 

target population to evaluate whether interventions are 
effective in decreasing the risk of dementia after diag-
nosis of PD.

Our study also shows that the overall risk of dementia 
was more than double (adjusted HR 2.42) among subjects 
with first-diagnosed PD 1 year later for up to 11 years. 
After accounting for the competing risk of death and 
adjustment for the number of medical visits, the find-
ings were similar to those of Perez et al,11 who reported 
a higher HR of incident dementia (2.47, 95% CI 1.55 
to 3.95) in patients with PD as compared with non-PD 
subjects. However, other cohort studies have shown a HR 
ranging from 1.7 (95% CI 1.1 to 2.7) to 5.9 (95% CI 3.9 
to 9.1) for incident dementia in PD groups compared 
with the general population,9 10 12–15 18 which is different 
from our findings. Noticeably, most previous studies 
were limited by a relatively small sample size,6–17 19–21 23 
shorter follow-up time,6–8 10 12–18 20 the lack of a matched 
control,6–8 16 17 19–21 23 failure to account for the competing 
risk of death6–21 23 or a lack of adjustment for the number 
of medical visits to control for surveillance bias,9–15 18 
rendering the risk that the estimates were more likely to 
be imprecise and biased.

We found the incidence of dementia increased with 
the number of comorbidities, including hyperten-
sion, diabetes mellitus, CAD, stroke, hyperlipidaemia 
and COPD, irrespective of PD status. However, in our 
study, the adjusted HR for dementia was higher in PD 
alone than in those with medical comorbidities. The 
effect modification by hypertension, CAD and stroke was 
statistically significant for the association between PD 
and dementia in any given partition time. Prior studies 
regarding the relationship between patients with PD and 
these comorbidities remain controversial.7 16 17 22 For 
example, although a study in Taiwan demonstrated that 
patients with PD with cerebrovascular or cardiovascular 
comorbidities had a lower risk of dementia onset than 
patients with PD alone,22 which is similar to our findings, 
other studies have failed to find this relationship.16 17 
In addition, some previous studies have shown that PD 
with cardiovascular dysautonomia (such as hyperten-
sion, diabetes mellitus and CAD) and COPD might cause 
substantial cerebral hypoperfusion and hypoxia, respec-
tively.40–42 Hypoxia and hypotension in the brain might 
cause neuronal damage and increase accumulation of 
pathological proteins such as β-amyloid, which result in 
increased risk of dementia onset.40 41 Therefore, future 
perspective studies focusing on the causal relationship 
between such comorbidities and the risk of dementia in 
PD are warranted.

There were several strengths in our study. First, we 
obtained a large, nationwide number of participants by 
using NHIR datasets, which made it possible to reduce 
selection bias, to obtain higher statistical power, to 
obtain a highly representative study population, to have 
a lower rate of non-response or loss to follow-up and to 
facilitate the age-stratified, sex-stratified and comorbidi-
ties-stratified analyses with an ample simple size to satisfy 

Figure 1 Comparison of Kaplan-Meier failure estimates of 
dementia onset between the two groups. PD, Parkinson’s 
disease.
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requirements. To the best of our knowledge, this study 
is the first to report the age-specific and sex-specific 
incidence rates of dementia in a PD group. Second, we 
conducted a longitudinal and retrospective cohort study 
for 11 years, which is a longer time during which to observe 
the development of dementia than that in many other 
prior studies.6–8 10 12–18 20 Third, more accurate estimates 
for the incidence rates of dementia in the PD group are 
available in this study due to the usage of the first diag-
nosed PD cases rather than the prevalent PD cases, as this 
might reduce the variations in the incidence of dementia 
across various PD durations. Lastly, a multivariate Cox 
proportional hazard regression with a competing risk 
analysis was used to control for the confounding bias and 
to account for the competing risk of death.

Still, our study had some limitations. First, we solely 
selected our PD cases according to physician-recorded 
diagnosis and prescriptions reported in medical claims, 
which might have led to potential disease misclassifica-
tion. However, we used at least three PD-related diagnoses 
and prescriptions, with the first and last visits >90 days 
apart, which greatly decrease the likelihood of disease 
misclassification. Similarly, because we selected patients 
with dementia only by using NHIR datasets, potential 
disease misclassification may be present. To address this 
concern, we only included dementia cases diagnosed 
with ≧3 ambulatory visits or ≧1 hospitalisation in this 
study to increase the validity of dementia identification.

Second, because patients with PD may use the health-
care system more often than control groups, surveillance 
bias may be present. Thus, to address this concern, we 
calculated the number of medical visits for 1 year after the 
index date and adjusted for this in the multivariate regres-
sion model. Also, the severity of dementia is not available 
in the database, and we could not distinguish subtypes 
of dementia in our datasets. Therefore, it is essential for 
patients with PD, particularly in high-risk groups such as 
subjects aged <70 years, to have regular cognitive assess-
ments including combinations of neuropsychological 
markers throughout the early disease stages, which will 
provide benefits for identification of the subtypes in 
dementia and will decrease underestimation of risk for 
dementia in PD.

Third, due to the limited information available from 
the claims data, we were unable to consider a comprehen-
sive list of potential confounders such as smoking, educa-
tional level, physical function and genes in the analysis, 
which may have resulted in residual confounding bias. 
To reduce such bias, we used COPD and occupational 
status as surrogates for smoking and educational level, 
respectively. Finally, the disease symptoms of PD cases at 
different disease stages may play a role, to some extent, 
in the relationship between PD and the risk of dementia. 
However, because information on the disease symptoms 
is unavailable from the NHI data, we have left this area 
(such as non-motor symptoms) for further investigations.

In conclusion, it was found that PD confers a higher 
risk of dementia than the general population, especially 

in those aged <70 years in both sexes. Regular monitoring 
for the development of dementia in patients with PD 
longitudinally is recommended. Future research should 
include further evaluation of the underlying mechanism 
and subtypes for dementia development after diagnosis 
of PD.
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