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Abstract
Objective  This investigation reports the cause and the 
quality of death certification in a community cohort of 
patients with Parkinson’s disease (PD) and controls at 18 
years.
Setting  Denbighshire North Wales, UK.
Participants  The community-based cohorts consisted of 
166 patients with PD and 102 matched controls.
Primary outcomes  All-cause mortality was ascertained 
at 18 years by review of hospitals’ primary care records 
and examination of death certificates obtained from 
the UK General Register Office. Mortality HRs were 
estimated using Cox proportional regression, controlling 
for covariates including age at study entry, age at death, 
gender, motor function, mood, health-related quality of life 
(HRQoL) and cognitive function.
Results  After 18 years, 158 (95%) of patients in the 
PD cohort and 34 (33%) in the control cohort had died. 
Compared with the general UK population, the PD cohort 
had a higher risk of mortality (standard mortality rate, 
1.82, 95% CI 1.55 to 2.13). As the primary or underlying 
cause of death, PD was not reported in 75/158 (47%) 
of the death certificates. In addition, although 144/158 
(91%) of the PD cohort had a diagnosis of dementia, 
this was reported in less than 10% of death certificates. 
The main cause of death reported in the PD cohort was 
pneumonia (53%), followed by cardiac-related deaths 
(21%). Compared with controls, patients with PD had 
a greater risk of pneumonia (2.03, 95% CI 1.34 to 3.6), 
poorer HRQoL and more likely to reside in institutional 
care at death (P<0.01).
Conclusion  This investigation found that PD was 
associated with an excess risk of mortality compared 
with the general population. However, PD as a primary or 
underlying cause of death recorded on certificates was 
found to be suboptimal. This suggests that the quality of 
mortality statistics drawn from death certificates alone is 
not a valid or reliable source of data.

Introduction
Data drawn from death certificates are 
often employed by epidemiological, public 
health and research scientists to capture 

the incidence, prevalence and mortality in 
populations. In addition, these statistics are 
often used in the evaluation of public health 
interventions, setting priorities for medical 
research and health services, planning of 
health services, and clinical assessment of 
the effectiveness of those services.1–3 The 
introduction of the revised International 
Classification of Diseases (ICD) system 
in 2001 aimed to improve the accuracy in 
the reported cause of death, where under-
lying conditions, mentioned in part 1 or 
2 of death certificates, take priority over 
others.4 5 The underlying principle for this 
is that reporting of multiple causes of death 
should provide a better description of a 
particular disease or condition, allowing for 
more effective and meaningful data capture. 
The reliability of statistical information 
extracted from death certificates remains 
uncertain, where for example rather than 
the underlying chronic condition being 

Strengths and limitations of this study

►► This study employs a community-based, longitudinal, 
follow-up cohort design.

►► All patients fulfilled the  diagnostic criteria for 
Parkinson’s disease and/or dementia.

►► Baseline and subsequent repeated  measure 
data capture allowed the  analysis for predictive 
outcomes.

►► The cohort included prevalent and new cases 
of Parkinson’s disease. Although the varying disease 
duration in  the Parkinson’s disease cohort is a 
possible source of bias, we found no differences in 
survival between the two groups.

►► The control cohort included subjects without 
known neurological conditions, and thus may have 
introduced  bias in the outcome comparisons with 
patients with Parkinson’s disease.
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reported, a secondary cause of death is often reported 
as the main cause of death.6–14 

The projected elderly population demographic 
changes worldwide, along with exponential rises in 
chronic conditions, will most likely place greater social 
and fiscal demands on existing clinical, health and social 
services.15 To ensure that mortality and survival rates are 
more precisely captured for these chronic conditions, 
the relative contributions that  different diseases have 
on survival and mortality need to be more accurately 
measured. The challenge is to ensure that vital  health 
statistics collected are valid and reliable enough to allow 
for more efficient planning for healthcare services and 
clinical interventions. Parkinson’s disease (PD) is a 
progressive neurodegenerative disease strongly associ-
ated with increased mortality and lower life expectancy 
compared with the general population.16 In addition to 
the motor symptoms of PD, many patients often live with 
a significant number of other non-motor conditions that 
contribute to the symptomatology of the disease.17–22 In 
particular, dementia occurs frequently in elderly patients 
with PD and has been shown to be a strong predictor of 
increased mortality.23–33 This most probably has impli-
cations for the quality of death certification, which in 
previous investigations has been found to be inconsistent, 
under-recorded or  an inaccurate record of the cause of 
death in patients.16 34–38 The methodological design of 
previous investigations, where cohorts have been drawn 
from clinical populations or pharmaceutical trials alone, 
may partially explain the variability between studies.39 40 
Only a small number of investigations have employed 
prospective community study methods to ascertain the 
utility of death certification in PD, and furthermore few 
have included a comparison control group.

This investigation is a report of the outcomes from 
a community cohort of patients with PD and controls 
(without neurological disease) who have been regularly 
followed over the past 18 years in the county of Denbigh-
shire in UK. It aims first to examine the reported cause 
and quality of death certification in these cohorts. Second, 
it will explore if PD and/or dementia are reported as a 
cause or underlying cause of death on certificates. Third, 
the demographic and  motor and non-motor symptoms 
of PD will be explored to establish if they are associated 
with, or predictive of, an increased risk of mortality.

Methods
Subjects
The patient and control recruitment methodology 
has been described in greater depth in previous 
reports.25 41 In brief, between December 1994 and January 
1997, employing multiple sources of ascertainment, we 
recruited patients with newly diagnosed PD and patients 
with an existing diagnosis of probable PD based on the 
United Kingdom Parkinson's Disease Society Brain Bank 
criteria (UKPDSBB).42 General practitioner (GP) records 
(n=74) in a defined area of North Wales (Denbighshire) 

were used to identify individuals in receipt of a defined 
group of antiparkinsonian drugs, which included 
levodopa, monoamine oxidase B inhibitors, dopamine 
agonists and antimuscarinic drugs. Additionally, hospital 
records were examined and patients who were not on 
active but known to medical services were also ascer-
tained. In total, 402 patients were identified, of whom 213 
fulfilled the criteria for clinically probable PD (n=213). 
Of the original PD cohort, 25 died before they could be 
consented into the investigation, 13 withdrew consent 
and the remaining patients (n=9) were lost to follow-up. 
This left at study entry 166 patients with probable PD for 
follow-up from December 1997 to January 2015.

The control cohort was randomly drawn from two 
GP practices within the same geographical area of 
the PD cohort and  within the same time frame. The 
controls were matched for sex and age to patients with 
PD (±3 years), were not known to have a diagnosis of 
clinically probable PD, parkinsonism, Alzheimer’s or 
other dementia, stroke, and neurological disorder, not 
in receipt of psychoactive drugs, and with  no known 
psychiatric, alcohol or substance abuse history. One 
hundred and sixty-four controls were invited to partici-
pate in the study, of whom 42 subsequently declined to 
participate and a further 6 withdrew consent at a later 
date. On initial baseline screening, eight were found 
to have previously suffered from a stroke, two had 
signs of parkinsonism, and four fulfilled the  criteria 
for dementia and were excluded from further analysis, 
leaving a cohort of 102 control subjects.

Clinical assessment
The demographic details of  PD and control cohorts 
were recorded, which included, age, gender, educational 
attainment, social class and smoking history. In addition 
to the demographic details, PD-specific variables were 
also recorded, which included age of diagnosis, dura-
tion of symptoms, Hoehn and Yahr staging, the Unified 
Parkinson's Disease Rating Scale (UPDRS) motor subsec-
tion, the 15-item Geriatric Depression Scale (GDS-15), 
the Cambridge Examination for Mental Disorders of 
the Elderly, section B, Cambridge Cognition Examina-
tion (CAMCOG), the Parkinson’s Disease Activities of 
Daily Living Scale  and the health-related quality of life 
(HRQoL) measure the EuroQol-5D (EQ-5D).43–47 These 
measures were reassessed at approximately 2 yearly inter-
vals from the midpoint of the recruitment phase of the 
cohorts. Diagnosis of PD based on the UKPDS Brain 
Bank criteria was reassessed (RJM) at review to ensure 
diagnostic accuracy was maintained. The control cohort 
screening was also carried out approximately every 2 years 
from study entry, which included review and updating 
of demographic variables, and reassessment using  the 
GDS-15, CAMCOG and EQ5-D. Analysis of the clin-
ical assessments was the most recent prior to a subject’s 
reported death. The diagnosis of dementia for PD and 
controls was based on neuropsychological assessment, 
and patient and carer/informant interviews, along with 
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the application of the Diagnostic and Statistical Manual 
of Mental Disorders 4th Edition criteria.48

Death certification collection and evaluation
Hospital and primary care records were reviewed 
to ascertain the number of individuals who were 
deceased. All of the death certificates in this inves-
tigation were obtained from the local births, deaths 
and marriages central record office for the PD and 
control cohorts. Primary and underlying causes of 
death, along with age of the subject and age of death, 
are recorded on all certificates in the UK. In addition, 
all certificates are  completed by a doctor within the 
UK and are coded using the ICD-10 system as follows:

►► I(a): disease or condition leading directly to death
►► I(b): other disease or condition, if any, leading to I(a)
►► I(c): other disease or condition, if any, leading to I(b)
►► II: other significant conditions contributing to death 

but not related to the disease or condition causing it.
From the information recorded on the death certif-

icates, we grouped primary and underlying causes of 
death into nine further categories, which were PD, sepsis, 
dementia, cerebrovascular, cardiac, cancer, pneumonia, 
chronic lung disease and other disorders.

Statistics
The age-specific and gender-specific standardised 
mortality ratios (SMR) were calculated by dividing the 
observed deaths in each cohort by the expected number 
of deaths. This is calculated by multiplying  the number 
of person-years for each 5-year age group, gender and 
year by the corresponding general population age group, 

gender and year drawn from the UK Office of National 
Statistics 2016 interim life tables.

Descriptive statistics (mean, SD, median) were used 
for continuous variables, whereas categorical variables 
were described as percentages of subjects in each group. 
Student’s t-tests, χ2 test and univariate log-rank statistics 
were employed to examine between-group differences 
and between observed and expected survival curves. 
The relative risk (RR) was calculated by dividing the 
probability of an event occurring for PD cohort by the 
probability of an event occurring for the control cohort. 
Survival time was calculated from the date of baseline 
examination for each subject. The Kaplan-Meier esti-
mates were used to calculate the observed survival curves. 
Cox proportional hazards (PH) analysis was used to inves-
tigate the effect of several variables on the time it takes 
for a specified event to happen. To satisfy the assump-
tions for PH modelling, visual inspections of the Kaplan-
Meier curves were made. The Cox PH modelling was also 
employed to calculate the HR and the 95% CIs of the 
differences between groups defined by demographic and 
clinical features at baseline. The PH model covariates act 
as factors multiplying the HR, which is the probability of 
experiencing the event, which in this study is death. The 
PH model covariates  included age at study entry, age at 
death, gender, motor function, mood, HRQoL and cogni-
tive function. The HR reported in this study provides an 
estimate of the RR.

All data were analysed using  the SPSS V.19  statistical 
package, and the RR and 95% CIs were calculated using 
the Altman formula and MedCalc software.49–51 The level 
of significance was set at P<0.05.

Results
From baseline to the study end date (30 January 2015), 
158/166 (96%) of the PD and 34/102 (33%) of the 
control cohorts were decedents. Table 1 shows the demo-
graphic and clinical outcomes of the PD and control 
cohorts. Figure  1 illustrates the Kaplan-Meier survival 
curves for all-cause mortality in the PD and control 
cohorts. The SMR for the whole PD cohort was 1.82 (95% 
CI 1.55 to 2.13). A subgroup analysis between new cases of 
PD (n=80) identified during the ascertainment phase of 
the investigation and existing cases of PD (n=78) revealed 
no excess mortality between the groups (P=0.186) despite 
the varying disease duration. By 18 years the cumulative 
survival in the PD cohort (figure  1) was approximately 
5% and in the control cohort  67%. The mortality risk 
controlled for age and gender showed significantly higher 
risk in the PD cohort (HR 7.89, P=0.0001). Older age at 
entry into the current study was predictive of an increased 
risk of mortality in both cohorts (PD: HR 1.06, P=0.0001; 
control: HR 1.09, P=0.009). There were no statistical 
differences found in age at death between the PD and 
control cohorts (PD cohort: 80.7 (7.1); control cohort: 
81.9 (6.3); P=0.552). The strongest predictor associated 
with mortality in the PD cohort after controlling for age 

Table 1  Demographic and clinical outcomes (mean, SD) of 
the PD and control cohorts

PD Control P<0.05

Gender (female, %) 44 41 NS

Age (entry into study) 74.2 (8.6) 74.8 (6.6) NS

Age at death 80.7 (7.1) 81.9 (6.3) NS

Institutional care (%) 52 30 0.003

Place of death (hospital) 
(%)

37 74 0.002

GDS-15 5.6 (2.2) 3.7 (1.1) 0.001

EQ-5D (weighted 
health)

0.58 (0.36) 0.79 (0.28) 0.001

EQ-5D (VAS, %) 55 (16.5) 77 (17.6) 0.001 

Onset of PD 67.3 (10.7) – – 

Duration of PD 13.2 (8.8) – – 

UPDRS (motor section) 27.9 (11.7) – – 

H&Y 2.9 (0.74) – – 

PADL 3.1 (1.1) – – 

EQ-5D, EuroQol-5D; GDS-15, 15-Item Geriatric Depression Scale; 
H&Y, Hoehn and Yahr staging; PD, Parkinson’s disease; UPDRS, 
Unified Parkinson's Disease Rating Scale; VAS, Visual Analogue 
Scale.
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and gender was worsening motor symptoms (HR 1.06, 
P<0.01).

As a primary cause of death (part 1(a)  on UK death 
certificates), PD was recorded in just over 4% of the 
cohort. In sections 1(b) and 1(c) (conditions substan-
tially contributing to death), PD was reported in 24% 
and 6% of cases, respectively. In section II of the death 
certificates (comorbid conditions substantially contrib-
uting to death), PD was reported in 19% of cases. Overall, 
PD as a contributing factor in the cause of death was not 
reported anywhere on 75/158 (47%) of the PD cohort’s 
certificates. The primary cause of death for the PD and 
control cohorts is shown  in table 2. The most common 
causes of death reported within the PD cohort were pneu-
monia (53%), followed by cardiac-related deaths (21%). 
The most frequently recorded causes of death within 
the control cohort were  cardiac disease (26%), cancer 
(24%) and pneumonia (18%). A comparison between 

the PD and control cohorts revealed that the PD cohort 
was nearly three times more likely to have pneumonia 
recorded as a primary cause of death (RR, 2.94, 95% CI 
1.40 to 6.19). Controlling for patients and controls with 
dementia still revealed a higher risk of mortality in the PD 
cohort for pneumonia (RR, 2.03, 95% CI 1.34 to 3.6). The 
controls compared with the PD cohort had over a three-
fold increased risk of having a cancer-related disorder 
recorded as a primary or underlying cause of death 
(RR, 3.72, 95% CI 1.58 to 8.72). Examining the smoking 
history between the two cohorts found no significant 
differences in terms of frequency of current or former 
smokers (P=0.39), nor were there differences in cancer 
risk observed between the PD and control cohorts who 
never smoked (P=0.75). However, significantly more of 
the controls who were smokers prior to their death had 
cancer recorded as a primary or secondary cause of death 
(P<0.025).

Disease progression within the PD cohort was signifi-
cantly associated with a worsening HRQoL at death 
(P<0.0001). When compared with the controls, HRQoL 
was significantly poorer for the PD cohort (P<0.001). At 
the time of death, 83/158 (52%) of the PD and 9/34 
(26%) of the control cohorts were living in institutional 
care (P<0.003). Overall, the PD cohort decedents had a 
threefold increased probability of  living in institutional 
care at death (RR 3.23, 95% CI 1.4 to 7.41). Controlling 
for age and duration of illness, patients in the PD cohort 
living in institutional  care were also more likely to be 
demented (RR 2.7, 95% CI 1.21 to 5.76). In contrast to 
the PD cohort, the control decedent’s place of death was 
more likely to be in the hospital (RR 1.97, 95% CI 1.48 
to 2.62).

As a primary or underlying cause of death, dementia 
was under-reported on the certificates of both the PD 
and control cohorts. Although 144/158 (91%) of the PD 
cohort had a diagnosis of dementia before their deaths, 
it was reported in only 14/144 of certificates. Similarly, 
only two of the control cohort had dementia recorded 
anywhere as a primary or underlying cause of death. On 
review, however, a further four at the time of death had a 
confirmed diagnosis of dementia.

Discussion
This investigation reports the cause of death recorded 
on the death certificates of PD and age-matched control 
cohorts in Denbighshire in UK. We have previously 
reported that the life expectancy and average age at 
death in this PD cohort are much lower than the general 
population.16 In the current study, the overall SMR for 
our PD cohort was 1.82, indicating an excess mortality. 
This is similar to previous investigations where SMR has 
been reported to range from 0.9 to 3.8.16 However, recent 
community-based incident cohort and incident clinical 
cohort investigations have reported lower SMRs of 1.29 
(95% CI 0.97 to 1.61) and 1.39 (95% CI 1.10  to 1.50), 
suggesting a moderately increased mortality compared 

Figure 1  Kaplan-Meier survival curves for all-cause 
mortality in the Parkinson’s disease (PD) and control cohorts.

Table 2  Primary cause of death (part 1a of death 
certificates) reported for the PD (n=158) and control (n=34) 
cohorts

PD Control

Pneumonia 84 (53.2%) 6 (17.6%)

Cardiac 33 (20.9%) 9 (26.5%)

Cancer 10 (6.3%) 8 (23.5%)

Cerebrovascular 12 (7.6%) 4 (11.8%)

PD 7 (4.4%) 0

Other* 12 7

*Other includes sepsis, dementia, immobility, chronic obstructive 
pulmonary disease, old age, fracture neck of femur, multiorgan 
failure and motor neuron disease.
PD, Parkinson’s disease.
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with the general population.16 52 The shorter duration 
of PD diagnosis, lower number of recorded deaths and 
shorter follow-up period compared with the current inves-
tigation may partially explain the differences between the 
current and previously reported UK investigations. In 
addition, other European investigations were limited by 
the retrospective analysis of a data set from 1978 to 1998 
and recruitment solely from a clinical population.

Overall death certification and clinical research data 
appear to provide disparate mortality data in PD. Although 
our PD cohort had confirmed UKPDSBB  criteria for 
probable PD, as a primary cause of death (part 1(a)), 
it was recorded in just over 4% of the cohort. A further 
30% had PD recorded in parts 1(b) and 1(c) of their 
death certificates, and on part II of certificates it was 
recorded in a further 19% of cases. Overall, PD was not 
cited anywhere on 47% of the death certificates, which 
falls approximately mid-way with previous certification 
studies of between 14% and 70%.16 34–38 The disparity 
reported between studies is most likely evidence of the 
differing methodologies employed, such as populations 
drawn from pharmaceutical trials alone, clinical samples, 
or retrospective case or chart record analysis.

Pneumonia was the most cited primary cause of death 
(52%) in the current study. This observation has also been 
frequently reported in other investigations.16 52  Patients 
with PD, particularly as they become frailer with the 
progression of their illness, are at greater risk for pulmo-
nary complications, due to obstructive ventilation dysfunc-
tion, upper airway dysfunction and weakened respiratory 
muscles.53–55 The most frequently reported other causes 
of death were cardiovascular disease (21%), cerebrovas-
cular disease (8%) and malignancy (6%).

This is the first study, to our knowledge, to describe 
under-reporting of dementia as a primary or underlying 
cause of death in a community-based PD cohort. We 
have previously reported in this cohort the high preva-
lence of dementia of around 90%.56    On review of the 
decedents’ death certificates, we found that less than 
10% had any mention of dementia as an immediate or 
underlying cause of death. Previous general population 
investigations have also shown that rates of certification 
mentioning dementia as a main or underlying cause of 
death have been consistently under-reported.57–61 This 
perhaps is because death certification tends to focus on 
the immediate cause of death and does not really capture 
the multiple factors that contribute to death, particularly 
with elderly individuals with multiple comorbidities.

This investigation found that the PD cohort was more 
likely than the controls to be living in a long-term care 
setting before death. This may be a reflection of the 
duration, nature and the type of burden PD places on 
relatives, especially those who have physical frailty them-
selves. Caring within the home setting may therefore 
become impracticable and thus possibly precipitate 
entry into institutional care. The proportion of deaths in 
long-term care among patients in the PD cohort was also 
significantly higher than in the control cohort. A recent 

study reported wide variations in the place of death of 
people with PD throughout the world, concluding that 
individual preference, social and socioeconomic circum-
stances, cultural organisation, and provision of health 
and palliative care all contribute, to some extent, to the 
place of death.62

In common with previous mortality investigations, 
we found fewer recorded cancer deaths within the PD 
cohort.63 We did not observe differences in the current 
or smoking history frequency between our cohorts. Simi-
larly, no differences were revealed between the cohorts 
and cancer risk in those who had never smoked. There 
were no differences seen on death certificates in terms of 
cancer type between smokers and non-smokers. However, 
in the group of current smokers, significantly more 
cancer-associated deaths were recorded in the control 
compared with the PD cohort. A possible explanation 
for this disparity may be that mutations of the PARK2 
(Parkin) gene found in 6%–8% of patients with PD may 
act in some cancers as a tumour suppressor proteins.64 
The absence or mutation of the Parkin gene is found in 
several tumour types, suggesting that the mechanisms of 
cell death in PD may play a role in the inhibition or forma-
tion of some cancers.64 65 The decreased risk of mortality 
from cancer has also been reported in other neurodegen-
erative diseases including Alzheimer’s and Huntington’s 
diseases, and in populations where mild to moderate 
cognitive impairment has also been observed.66–69 Further 
studies are needed to explore the associations, risks, 
possible genetic markers and underlying mechanisms of 
PD and other neurodegenerative conditions to improve 
and identify and understand the role of cell death and its 
decreased cancer risk.

We would caution the message often given to patients 
with PD that they die with, rather than die of, the condi-
tion. The non-motor features of PD such as dementia 
and autonomic dysfunction are frequently observed in 
all stages of the disease and most likely make a signif-
icant contribution to mortality.70 One recent inves-
tigation reported that autonomic dysfunction and 
dementia in PD were predictive of increased mortality 
particularly in patients with orthostatic hypotension 
(OH).71 Another meta-analysis that explored the asso-
ciation between  OH and mortality in general popula-
tions also concluded that OH may confer a greater risk 
of mortality (RR, 1.40).72 The association between the 
non-motor features of PD disease and mortality needs 
further research to understand and determine if these 
are causal or not.

The strengths of this study include its robust follow-up 
over an 18-year period of a community-based cohort, 
all of whom fulfilled the criteria for PD, and that diag-
nostic re-evaluation was reviewed regularly over this 
period to ensure diagnostic accuracy. The repeated 
measure design of the study also allowed us to control 
for demographics, and motor and non-motor symp-
tomatology. The limitations of the study are that the 
PD cohort had a mix of prevalent and incident cases, 
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thus possibly overestimating the possible causal asso-
ciations with mortality. However, controlling for prev-
alent and incident cases in our analysis did not reveal 
any between-group significant differences. Our control 
cohort was selected carefully in terms of age, gender 
and disease exposure, and may not be representative of 
the general population. We endeavoured to reduce this 
potential bias by randomly selecting controls from GP 
lists within defined catchment area as the PD cohort. 
However, excluding controls with known neurological, 
psychiatric illness and possibly better  general health 
may be a potential source of error. The ideal compar-
ison group in a cohort study would be the same as the 
cohort of interest, except that they would not have the 
condition under investigation. In older populations, 
the selection of any control group is often a compro-
mise in ensuring that the control group differs enough 
with respect to the condition of interest, yet are similar 
as possible to explore what other factors influence the 
outcome under investigation. We believe that our selec-
tion of controls without neurological or psychiatric 
disease allowed us to control for confounding factors in 
the analysis in both cohorts, which would not have been 
possible in the general population.

Conclusions
In light of our findings, we feel that the current methods 
of capturing the cause of death from certification alone 
significantly underestimate the true population burden 
of PD. The under-reporting of dementia as an under-
lying cause of death in this cohort in addition to PD 
also suggests that the interpretation of and quality 
of mortality data currently are not a valid or reliable 
source of data. Furthermore, we would admonish the 
use of mortality statistics alone to plan for future service 
provision in this patient population.
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