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Introduction: Disease interactions can alter functional decline near the end of life (EOL). Parkinson’s disease
(PD) is characterized by frequent occurrences of co-morbidities but data challenges have limited studies
investigating co-morbidities across a broad range of diseases. The goal of this study was to describe
disease associations with PD.
Methods: We conducted an analysis of death certificate data from 1998 to 2005 in Nova Scotia. All death
causes were utilized to select individuals dying of PD and compare with the general population and an
age–sex-matched sample without PD. We calculated the mean number of death causes and frequency of
disease co-occurrence. To account for the chance occurrence of co-morbidities and measure the
strength of association, observed to expected ratios were calculated.
Results: PD decedents had a higher mean number of death causes (3.37) than the general population (2.77)
and age–sex-matched sample (2.88). Cancer was the most common cause in the population and matched
sample but fifth for those with PD. Cancer was one of nine diseases that occurred less often than what would
be expected by chance while four were not correlated with PD. Dementia and pneumonia occurred with PD
2.53 ([CI] 2.21–2.85) and 1.83 (CI 1.58–2.08) times more often than expected. The strength of association for
both is reduced but remains statistically significant when controlling for age and sex.
Discussion: Those with PD have a higher number of co-morbidities even after controlling for age and sex.
Individuals dying with PD are more likely to have dementia and pneumonia, which has implications for the
provision of care at EOL.
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Introduction
Parkinson’s disease (PD) is a neurodegenerative
disease estimated to afflict 100 000 individuals in
Canada. Damaged or dying cells inhibit the pro-
duction of the neurotransmitter dopamine causing
various motor symptoms including tremor, bradykine-
sia, muscle rigidity, impaired balance, and reduced
facial expression.1 Health service requirements are
particularly acute as death approaches, as symptoms
become more difficult to control with medications,2

and persons often become bed ridden as a result of
fractured hips due to falls and pneumonia due to
aspiration.3 The health needs of persons with PD are
further complicated by the frequent occurrence of
co-morbidities.4–7 Persons with PD also have signifi-
cant associations with non-motor conditions including
anxiety and depression.8,9

Tracking the underlying cause of death from death
certificates is an important aspect of disease surveil-
lance. However, death is often due to multiple causes
resulting in difficulties when assigning a single cause.
There can be disagreements and coding process
problems, particularly for older adults.10,11

Furthermore, utilizing only the underlying cause can
underestimate disease populations including for those
with PD.3,12–14 Multiple causes of death can be used
to provide a more comprehensive disease profile and
thereby capture a more complete description of the
PD and other disease-specific populations that could
benefit from palliative care.

Understanding the strength of associations between
diseases can assist in planning for palliative care for
persons with PD. Research on co-morbidities among
persons with PD has been limited due, in part, to
data restrictions. Prospective studies have been proble-
matic as there is no definitive test for PD15,16 resulting
in a high rate of false positives.17 Disease registries are
a valuable resource in epidemiological studies;
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however, a PD registry does not currently exist in
Canada. As well, controlled trials often exclude older
individuals and those with multiple co-morbid-
ities.18,19 In terms of PD research, most previous
co-morbidity studies have focused on a single or
restricted number of conditions.4 Access to data on all
causes of death provides an opportunity to investigate
multiple disease associations at a population level. A
wide range of disease associations can be examined
while controlling for patient characteristics.
The overall objective of this study is to gain an

understanding of the health conditions near the end
of life (EOL) for those with PD. Specifically, we
analyze all causes of death information to identify
conditions that are associated with PD and provide a
measure of the strength of that association.

Methods
The study population included all residents of Nova
Scotia, Canada who died from 1 January 1998 to 31
December 2005 (N= 63 431) as identified from the
Nova Scotia Vital Statistics death certificate database.
Since the Statistics Act in Canada requires the regis-
tration of all deaths, Vital Statistics files are virtually
complete.20

Cause of death on the death certificate was used to
identify diseases present in the study population. Up
to 13 causes can be recorded. The International
Classification of Diseases tenth revision (ICD-10)
was used for 2000 forward, with previous years utiliz-
ing the ninth revision (ICD-9). The PD population
includes decedents with any mention of PD as a
cause of death defined using ICD-10 codes
G20–G21 and ICD-9 code 332 which include PD
and secondary Parkinsonism.
Those with PD were compared with all deaths in the

province to determine whether co-morbidity patterns
for the PD group differed from that of all the dece-
dents. This examination is useful for understanding
how persons with PD differ from all persons at EOL.
To adjust for age and sex differences between the PD

decedents and all deaths, each PD decedent was
matched to a non-PD decedent by sex and year of
age. The point estimate statistics were calculated
from this matched sample. Since there are a limited
number of decedents with PD, a bootstrap procedure
was used to measure statistical variation. Specifically,
the matching procedure was repeated 200 times and
the standard error was calculated as the standard devi-
ation of the bootstrapped point estimates. The mean of
the bootstrapped estimates is not used as a measure of
the point estimates as this is a biased estimate of the
parameter.21

Through focus groups, interviews, and literature,
Rosenwax et al.22 developed minimal, mid-range,
and maximal estimates of population groups who

could potentially benefit from palliative care based
on disease types. We selected 15 of the maximal
conditions plus a group of causes defined as ‘injuries,
poisonings and external cause of death’, as fractures
have been shown to be correlated with PD.23,24 (Due
to confidentiality restrictions on data access, we are
unable to separate injuries, poisonings, and other
external causes into individual categories.) The fre-
quency of occurrence of each condition was calculated
across three populations; those with PD, the general
population, and the age–sex-matched sample without
PD. Co-morbid disease frequencies were ranked from
highest to the lowest for all three groups.
Since multiple chronic diseases affect a large percen-

tage of the population, two or more conditions may
occur jointly simply due to the high prevalence
of the diseases. To control for the chance occurrence
of PD with other diseases, the ratio of observed
to expected deaths was calculated where PD is men-
tioned together with each of the 16 selected diseases
groups.10 The strength of association is calculated as

Observed
Expected

= Prob(PD andCo−morbidity)
Prob(PD)∗Prob(Co−morbidity)

This is the proportion with both conditions (i.e. the
observed) divided by the proportion with PD multi-
plied by the proportion with the co-morbidity.
As shown by the probability theory, the product of
the probabilities of two events occurring is equal to
the probability of both occurring together, if the
events are independent.
If the ratio of observed to expected is greater than 1,

the association is greater than expected, while a value
less than 1 indicates an association which is less than
expected. The association between diseases was con-
sidered independent if the 95% confidence interval
around the ratio included one. That is, the observed
number of decedents with both diseases on a death cer-
tificate is not significantly different from what is
expected by chance.
Ethics approval was granted from Capital Health

Research Ethics Board. All analyses were conducted
using SAS 9.2.

Results
Among the 63 431 decedents, 900 (1.4%) had PDmen-
tioned as a cause on the death certificate. Less than
half of the PD decedents, 418 (46.4%), had PD listed
as the underlying cause of death. Fig. 1 shows the
age distribution for those with PD mentioned com-
pared with all decedents. Over half of those with PD
(54.8%) were 80–89 years of age compared with
32.4% for all decedents. Those with PD had a mean
age of 82.0 compared to all decedents averaging 74.9
years. A higher percentage of those with PD
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mentioned were male (52.8%) compared with all dece-
dents (50.1%).
Fig. 2 shows a comparison of total causes men-

tioned among those with PD, all deaths and the
age–sex-matched sample without PD. About 71.5%
of those with PD had three or more causes listed
compared with 52.1% of all decedents. The sample
without PD but having the same age and sex structure
as those with PD showed a similar pattern to all deaths
with 53.1% having three or more causes. The overall
mean number of causes was 3.37 for those with PD,
2.77 for all deaths, and 2.88 for the matched sample.
Table 1 indicates the most frequently mentioned

causes for each of the three groups. Dementia and
pneumonia were mentioned most often as other
causes of death for those with PD at 26.2 and 22.3%,
respectively. These rates were significantly higher
than the corresponding rates of 10.4 and 12.2% for
all decedents. Among the age–sex-matched sample
without PD, 11.7 and 14.1% mentioned dementia
and pneumonia, respectively.
Cancer was the most common cause of death for all

decedents, occurring in 33.0% of all death certificates.
Considerably fewer, 11.1%, of those with PD had
cancer as a cause of death. For the age–sex-matched
sample without PD, 29.6% had cancer listed.

The observed/expected ratios are given in Table 2.
Dementia and PD appear together on the death certi-
ficate 2.53 times more often than expected. Similarly,
pneumonia appears with PD 1.83 times more often.
Nine diseases were significantly less than expected:
essential hypertension, diabetes, congestive heart
failure, chronic ischemic heart disease, peripheral vas-
cular disease, chronic obstructive pulmonary disease,
renal failure, acute myocardial infarction, and
cancer. The ratios for stroke, injuries, septicemia,
and skin cancer were not significant, indicating that
these diseases occur among persons with PD at the
same rates as observed in the general population.
There were no instances of PD and multiple sclerosis
occurring together on a death certificate.

Comparing the PD decedents to the age–sex-
matched sample revealed similar findings. Dementia
and pneumonia occurred together with PD more
often than expected. The same nine diseases occur
together with PD less frequently than expected while
stroke, injuries, and skin cancer again were not signifi-
cantly significant. The association with septicemia was
not significant when compared to the full population
but appeared less frequently than expected for the
PD decedents compared to the age–sex-matched
sample. Differences were observed in the magnitude
of the associations of the PD decedents with the
age–sex-matched sample and the total population.
The ratios for dementia and pneumonia are smaller
(1.38 and 1.23) when controlling for age and sex
while the nine conditions less likely to occur with PD
have ratios closer to one with the exception of essential
hypertension which is nearly identical.

Discussion
Consistent with previous research,25–27 results from
this study indicate that those dying with PD are
older and have a higher number of co-morbidities
compared with the population in general. Although
age and co-morbidities have been shown to be corre-
lated,28 our results show those with PD have a higher
number of causes of death cited even when compared
with those without PD who have the same age distri-
bution. Our findings that dementia and pneumonia
are mentioned more frequently with PD than expected
are consistent with previous research3,4,23,24,29,30 and
thereby provides construct validity for this EOL care
planning method. As well, our findings correspond
with previous studies which have shown that persons
with PD have a decreased risk of cancer.31–33 Genes
predisposed to PD may have a protective effect
against malignant tumor growth.34,35 Also, there is
evidence that smoking, a risk factor for cancer,
reduces the likelihood of PD36–39.

Aggregating all cancers into a single group may
mask any indication of association between PD and

Figure 2 Comparison of total number of causes on death
certificates.

Figure 1 Comparison of age distribution – thosewith PD as a
cause and all deaths.
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a particular cancer type. An increased risk of skin
cancer among persons with PD has been established
in the literature.32,40 However, the study findings did
not show a statistically significant association
between PD and skin cancer possibly because only a
relatively small number of individuals have skin
cancer listed as a cause of death, leading to the

potential for inadequate statistical power. Also, there
is research that suggests inaccuracies involving the
coding of skin cancer on death certificates are particu-
larly problematic.41,42

Since all causes of death were utilized, cancer rates
were higher than those measured using the underlying
cause only.43 Note as well, statistics have shown a
higher percentage of deaths due to diseases of the cir-
culatory system compared with cancer in Canada.43

In this study, the circulatory diseases grouping is
stratified into smaller categories so each will appear
less frequently.
An association between Parkinson’s and septicemia

was not observed, which is inconsistent with previous
studies that have shown a positive association.24,44

This may be due in part to the underreporting of
septicemia on death certificates.45 Fractures are a
common PD co-morbidity.6,23,24,30,46 However, as
noted, our study data did not allow fractures to be
separated from other external causes of death, limiting
the statistical precision of the specific association.
The inherent challenges in primary data collection

for EOL studies such as ethical issues and frailty of
study subjects necessitate the use of secondary data
sources, including death certificate information.
Utilizing all causes of death from death certificate
information enables an analysis across a broad range
of conditions. Death certificates have previously been
used to understand and plan for persons dying of
cancer47–49 and are well-suited to examine similar
issues for those with PD.
While difficulties in determining cause of death has

led to skepticism regarding the reliability of death cer-
tificate information,3 the validity of cancer as a cause

Table 1 Percentages and confidence intervals for co-morbidities mentioned on death certificate for persons dying of
Parkinson’s disease, all decedents, and an age–sex-matched sample, Nova Scotia, 1998–2005

Co-morbidity

Parkinson’s cases All decedents
Matched sample

without PD

Percentages*(%) Rank Percentages* Rank Percentages* Rank

Alzheimer’s disease/dementia 26.2 ** (23.3–29.2) 1 10.4 (10.1–10.6) 8 11.7 (9.6–13.8) 9
Pneumonia 22.3** (19.6–25.1) 2 12.2 (11.9–12.4) 3 14.1 (12.0–16.2) 4
Cerebrovascular disease (stroke) 14.2 (11.9–16.6) 3 12.1 (11.9–12.4) 4 13.4 (11.1–15.7) 5
Chronic ischemic heart disease 13.4** (11.2–15.7) 4 18.9 (18.6–19.2) 2 20.7 (18.0–23.4) 2
Malignant neoplasms (cancer) 11.1** (9.0–13.2) 5 33.0 (32.6–33.4) 1 29.6 (26.7–32.4) 1
Congestive heart failure 8.1** (6.3–10.0) 6 11.3 (11.0–11.5) 6 13.2 (11.1–15.4) 6
Diabetes 8.0** (6.2–9.8) 7 10.9 (10.7–11.1) 7 12.6 (10.5–14.6) 7
Injuries, poisonings and external cause of death 7.2 (5.5–9.0) 8 8.4 (8.1–8.6) 12 7.1 (5.6–8.6) 12
Essential hypertension 6.9** (5.2–8.6) 9 8.9 (8.6–9.1) 10 11.0 (9.0–13.0) 11
Chronic obstructive pulmonary disease 6.2** (4.6–7.9) 10 11.6 (11.4–11.9) 5 14.8 (12.7–16.9) 3
Renal failure 4.2** (2.9–5.6) 11 8.8 (8.6–9.1) 11 11.1 (9.2–13.0) 10
Acute myocardial infarction 4.2** (2.9–5.6) 12 10.2 (9.9–10.4) 9 12.2 (10.5–14.0) 8
Peripheral vascular disease 3.7** (2.4–5.0) 13 6.2 (6.0–6.4) 13 6.8 (5.1–8.4) 13
Septicemia 2.4 (1.4–3.5) 14 3.3 (3.1–3.4) 14 3.7 (2.5–4.9) 14
Skin Cancer 0.22 (0.0–0.6) 15 0.40 (0.4–0.5) 15 0.22 (0.0–0.54) 15
Multiple Sclerosis 0 (0.0–0.4) 16 0.25 (0.2–0.3) 16 0.0 16
Total decedents 900 63 431 1800

*95% Confidence interval in parentheses.
**PD percentage is statistically different from all decedents and the age–sex-matched sample.

Table 2 Causes of death associated with PD: comparison
with all decedents and an age–sex-matched sample

Co-occurring causes of death

Ratio of observed to
expected co-occurrence of

cause of death

All
decedents

Matched
sample

Alzheimer’s disease/dementia 2.53* 1.38*
Pneumonia 1.83* 1.23*
Cerebrovascular disease

(stroke)
1.17 1.03

Injuries, poisonings and external
cause of death

0.87 1.01

Essential hypertension 0.78* 0.77*
Septicemia 0.75 0.80*
Diabetes 0.73* 0.78*
Congestive heart failure 0.72* 0.76*
Chronic ischemic heart disease 0.71* 0.79*
Peripheral vascular disease 0.59* 0.70*
Skin cancer 0.56 1.00
Chronic obstructive pulmonary

disease
0.54* 0.59*

Renal failure 0.48* 0.55*
Acute myocardial infarction 0.41* 0.51*
Malignant neoplasms (cancer) 0.34* 0.55*
Multiple sclerosis – –

observations 63 431 1800

*Statistically significant at 95% if confidence interval does not
include 1.
Standard errors for matched sample calculated as the standard
deviation of 200 bootstrapped estimates.
Note: – indicates no cases with both diseases listed.
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of death has been demonstrated.50 Parallel validation
of PD as a cause of death can be carried out in the
future by comparing vital statistics diagnoses to hospi-
tal separation and physician claims data. Linkage of
multiple data sources including census data would
also allow for the inclusion of additional control vari-
ables and the investigation of the observation of
Pressley et al.13 that there are socio-economic differ-
ences as higher income PD patients are more likely
to have PD listed as a cause of death. Furthermore,
death certificate data can be used to generate Lunney
et al.51 trajectories of functional decline at the EOL
which have implications for optimal palliative care.
An important finding in this work is the higher than

expected occurrence of dementia as a cause of death.
In fact, it shows the strongest association with PD of
all the study conditions, yet research has indicated
that dementia is under-reported on death certificates.
Tinetti et al.,52 for example, show that a higher pro-
portion of deaths can be attributed to dementia than
what appears on death certificates. A prospective
study which followed nursing home residents with
end-stage dementia showed 37% of cases did not list
dementia anywhere on the death certificate.53 It has
been suggested that physicians sometimes may not
record dementia for various reasons such as a
perceived stigma attached with the condition, reimbur-
sement concerns, or that it is considered just a normal
part of aging.54 Among the general population, our
results show that dementia is the eighth most fre-
quently mentioned co-morbidity and ninth for the
matched sample without PD, yet for those with PD
it is ranked first. This may indicate that any resistance
to recording dementia may be diminished for those
where PD is also listed.
Death certificate data have also been shown to

underestimate the prevalence of PD.3,12,13,55

Therefore, all individuals with PD may not have
been captured in this study. This limitation is mitigated
by the utilization of all causes of death rather than
focusing on the underlying cause only.14 Also, the
large population-based sample across multiple years
helps to diminish the effects of variations in death cer-
tificate coding over time and across individuals.
Finally, the number of variables available to control
for confounding factors is limited with the use of
death certificate data in isolation of linkage to other
databases which could be incorporated in future
studies.
In conclusion, death certificates are a readily-avail-

able, cost-effective, population-based data source,
which enables analyses across a broad range of con-
ditions to aid in planning for care at EOL for
persons with chronic diseases. The death certificate
findings reported herein are consistent with the PD
literature. Future work should include linkages to

health services and palliative care data to further
validate findings and gain a greater understanding
into patterns of care near the EOL.

As the population ages, improving our understand-
ing of the care needs of persons with advanced PD will
become increasingly relevant to policy-makers and
health administrators. Co-morbid conditions associ-
ated with advanced PD add to the disease burden
and contribute to higher resource utilization.13

Monitoring and understanding disease associations
with PD can assist in planning for optimal health
resource allocation. The method used herein to
provide evidence to help plan EOL care for persons
with PD can be adapted to assist in the planning of
palliative care for other chronic diseases.

Acknowledgments
This study was funded by the Canadian Institutes of
Health Research, Interdisciplinary Capacity
Enhancement Grant – Reducing Health Disparities
and Promoting Equity for Vulnerable Populations
(FRN#80067).

Authors’ contribution
Grace and Lynn dedicate this paper to the memory of
their late colleague and co-author George Turnbull
without whose invaluable input this work could not
have been completed. Grace Johnston was responsible
for the conception and organization of the project as
well as the overall design and methods. Lynn
Lethbridge was responsible for methods and the
writing of the first draft. George Turnbull provided
clinical advice, background literature, and review and
critique.

References
1 Parkinson Society Canada. Parkinson information. 2009.
Available from: http://www.parkinsons-society.org/pdf/news/
progression.pdf [accessed 2010 Nov 1].

2 Truong DD, Bhidayasiri R, Wolters E. Management of
non-motor symptoms in advanced Parkinson disease. J.
Neurol. Sci 2008;266(1–2):216–28.

3 Beyer MK, Herlofson K, Arsland D, Larsen JP. Causes of death
in a community-based study of Parkinson’s disease. Acta Neurol
Scand 2001;103(1):7–11.

4 Nuyen J, Schellevis FG, Satariano WA, et al. Comorbidity was
associated with neurologic and psychiatric diseases: a general
practice-based controlled study. J Clin Epidemiol 2006;59(12):
1274–84.

5 Aarsland D, Brønnick K, Ehrt U, et al. Neuropsychiatric
symptoms in patients with Parkinson’s disease and dementia:
frequency, profile and associated care giver stress. J Neurol
Neurosurg Psychiatry 2007;78(1):36–42.

6 Martignoni E, Godi L, Citterio A, et al. Comorbid disorders and
hospitalisation in Parkinson’s disease: a prospective study.
Neurol Sci 2004;25(2):66–71.

7 Stallard E. Underlying and multiple cause mortality at advanced
ages: United States 1980–1998. N Am Actuarial J 2002;6(3):
64–87.

8 Nuti A, Ceravolo R, Piccinni A, et al. Psychiatric comorbidity in
a population of Parkinson’s disease patients. Eur J Neurol 2004;
11(5):315–20.

9 Shulman LM, Taback RL, Bean J, Weiner WJ. Comorbidity of
the nonmotor symptoms of Parkinson’s disease. Mov Disord
2001;16(3):507–10.

Lynn Lethbridge et al. Co-morbidities of persons dying of Parkinson’s disease

Progress in Palliative Care 2013 VOL. 21 NO. 3144

http://www.parkinsons-society.org/pdf/news/progression.pdf
http://www.parkinsons-society.org/pdf/news/progression.pdf
http://www.parkinsons-society.org/pdf/news/progression.pdf
http://www.parkinsons-society.org/pdf/news/progression.pdf
http://www.parkinsons-society.org/pdf/news/progression.pdf
http://www.parkinsons-society.org/pdf/news/progression.pdf
http://www.parkinsons-society.org/pdf/news/progression.pdf


10 Gorina Y, Lentzner H. Multiple causes of death in old age.
Aging Trends 2008;(9):1–9.

11 Sehdev AES, Hutchins GM. Problems with proper completion
and accuracy of the cause-of-death statement. Arch Intern Med
2001;161(2):277–84.

12 Haberfeld E, Louis E. Is Parkinson’s disease-related mortality
declining? Eur J Neurol 2009;16(9):964–5.

13 Pressley JC, Tang MX, Marder K, Cote LJ, Mayeux R.
Disparities in the recording of Parkinson’s disease on death
certificates. Mov Disord 2005;20(3):315–21.

14 Goldacre MJ, Duncan M, Griffith M, Turner MR. Trends in
death certification for multiple sclerosis, motor neuron disease,
Parkinson’s disease and epilepsy in English populations
1979–2006. J Neurol 2010;257(5):706–15.

15 Jankovic J. Parkinson’s disease: clinical features and diagnosis.
J Neurol Neurosurg Psychiatry 2008;79(4):368–76.

16 Hughes AJ, Daniel SE, Lees AJ. Improved accuracy of clinical
diagnosis of Lewy body Parkinson’s disease. Neurology 2001;
57(8):1497–9.

17 Bajaj NP, Gontu V, Birchall J, et al. Accuracy of clinical diagno-
sis in tremulous parkinsonian patients: a blinded video study.
J Neurol Neurosurg Psychiatry 2010;81(11):1223–8.

18 Tinetti ME, Bogardus ST, Agostini JV. Potential pitfalls of
disease-specific guidelines for patients with multiple conditions.
N Engl J Med 2004;351(27):2870–4.

19 Gross CP, Mallory R, Heiat A, Krumholz HM. Reporting the
recruitment process in clinical trials: who are these patients and
how did they get there? Ann of Intern Med 2002;137(1):10–6.

20 Statistics Canada. Vital statistics compendium, 1996 Cat No. 84-
214-XIE. 1999. Available from: http://www.statcan.gc.ca/pub/
84-214-x/84-214-x1996000-eng.pdf.

21 Mooney CZ, Duval RD, Duval R. Bootstrapping: a nonpara-
metric approach to statistical inference. Newbury Park, CA:
Sage Publications, Inc; 1993.

22 Rosenwax LK, McNamara B, Blackmore AM, Holman CDJ.
Estimating the size of a potential palliative care population.
Palliat Med 2005;19(7):556–62.

23 Leibson CL, Maraganore DM, Bower JH, et al. Comorbid con-
ditions associated with Parkinson’s disease: a population-based
study. Mov Disord 2006;21(4):446–55.

24 Guttman M, Slaughter PM, Theriault ME, DeBoer DP, Naylor
CD. Parkinsonism in Ontario: comorbidity associated with
hospitalization in a large cohort. Mov Disord 2004;19(1):49–53.

25 Saint-Hilaire M. Parkinson’s disease in the elderly. Med Health
Rhode Island 2008;91(5):136.

26 Leoni O, Martignoni E, Cosentino M, et al. Drug prescribing
patterns in Parkinson’s disease: a pharmacoepidemiological
survey in a cohort of ambulatory patients. Pharmacoepidemiol
Drug Saf 2002;11(2):149–57.

27 Pohar SL, Allyson Jones C. The burden of Parkinson disease
(PD) and concomitant comorbidities. Arch Gerontol Geriatr
2009;49(2):317–21.

28 Boyd CM, Darer J, Boult C, et al. Clinical practice guidelines
and quality of care for older patients with multiple comorbid
diseases. JAMA 2005;294(6):716–24.

29 Fernandez HH, Lapane KL. Predictors of mortality among
nursing home residents with a diagnosis of Parkinson’s disease.
Med Sci Monit 2002;8(4):241–6.

30 Pennington S, Snell K, Lee M, Walker R. The cause of death in
idiopathic Parkinson’s disease. Parkinsonism Rel Disord 2010;
16(7):434–7.

31 Driver JA, Kurth T, Buring JE, Gaziano JM, Logroscino G.
Parkinson disease and risk of mortality: a prospective comor-
bidity-matched cohort study. Neurology 2008;70(16 Part 2):
1423.

32 Zanetti R, Rosso S, Loria DI. Parkinson’s disease and cancer.
Cancer Epidemiol Biomarkers Prev 2007;16(6):1081.

33 Vanacore N, Spila-Alegiani S, Raschetti R, Meco G. Mortality
cancer risk in parkinsonian patients: a population-based study.
Neurology 1999;52(2):395–8.

34 West AB, Dawson VL, Dawson TM. To die or grow: Parkinson’s
disease and cancer. Trends Neurosci 2005;28(7):348–52.

35 Garber K. Parkinson’s disease and cancer: the unexplored
connection. J Natl Cancer Inst 2010;102(6):371–4.

36 Checkoway H, Powers K, Smith-Weller T, et al. Parkinson’s
disease risks associated with cigarette smoking, alcohol consump-
tion, and caffeine intake. Am J Epidemiol 2002;155(8):732–8.

37 Thacker EL, O’Reilly EJ, Weisskopf MG, et al. Temporal
relationship between cigarette smoking and risk of Parkinson
disease. Neurology 2007;68(10):764–8.

38 Hong D-P, Fink AL, Uversky VN. Smoking and Parkinson’s
disease: does nicotine affect [alpha]-synuclein fibrillation?.
Biochim Biophys Acta 2009;1794(2):282–90.

39 Morozova N, O’Reilly EJ, Ascherio A. Variations in gender
ratios support the connection between smoking and
Parkinson’s disease. Mov Disord 2008;23(10):1414–9.

40 Olsen JH, Friis S, Frederiksen K. Malignant melanoma
and other types of cancer preceding Parkinson disease.
Epidemiology 2006;17(5):582–7.

41 Lewis KG,WeinstockMA. Nonmelanoma skin cancer mortality
(1988–2000): the Rhode Island follow-back study. Arch
Dermatol 2004;140(7):837–42.

42 Weinstock MA, Bogaars HA, Ashley M, et al. Inaccuracies in
certification of nonmelanoma skin cancer deaths. Am J Public
Health 1992;82(2):278–81.

43 Canadian Cancer Society’s Steering Committee on Cancer
Statistics. Canadian cancer statistics 2011. Toronto, ON:
Canadian Cancer Society; 2011.

44 Woodford H, Walker R. Emergency hospital admissions in
idiopathic Parkinson’s disease. Mov Disord 2005;20(9):1104–8.

45 Powe NR, Jaar B, Furth SL, Hermann J, BriggsW. Septicemia in
dialysis patients: incidence, risk factors, and prognosis. Kidney
Int 1999;55(3):1081–90.

46 Kryzak TJ, Sperling JW, Schleck CD, Cofield RH.
Hemiarthroplasty for proximal humerus fractures in patients
with Parkinson’s disease. Clin Orthop Relat Res 2010;468(7):
1817–21.

47 Burge FI, Lawson BJ, Johnston GM, Grunfeld E. A population-
based study of age inequalities in access to palliative care among
cancer patients. Med Care 2008;46(12):1203–11.

48 Grunfeld E, Lethbridge L, Dewar R, et al. Towards using admin-
istrative databases to measure population-based indicators of
quality of end-of-life care: testing the methodology. Palliat
Med 2006;20(8):769–77.

49 O’BrienMB, Johnston GM, Gao J, Dewar R. End-of-life care for
nursing home residents dying from cancer in Nova Scotia,
Canada, 2000–2003. Support Care Cancer 2007;15(9):1015–21.

50 Johnston GM, Burge FI, Boyd CJ, MacIntyre M. End-of-life
population study methods. Can J Public Health 2001;92(5):
385–6.

51 Lunney JR, Lynn J, Foley DJ, Lipson S, Guralnik JM. Patterns
of functional decline at the end of life. JAMA 2003;289(18):
2387–92.

52 Tinetti ME, McAvay GJ, Murphy TE, et al. Contribution of
individual diseases to death in older adults with multiple
diseases. J Am Geriatr Soc 2012;60(8):1448–56.

53 Wachterman M, Kiely DK, Mitchell SL. Reporting dementia on
the death certificates of nursing home residents dying with
end-stage dementia. JAMA 2008;300(22):2608–10.

54 Fitzgerald S. Dementia often not reported on death certificates.
Neur Today 2009;9(2):1–8.

55 Phillips NJ, Reay J, Martyn CN. Validity of mortality data for
Parkinson’s disease. J Epidemiology Community Health 1999;
53(9):587–8.

Lynn Lethbridge et al. Co-morbidities of persons dying of Parkinson’s disease

Progress in Palliative Care 2013 VOL. 21 NO. 3 145

http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf
http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf
http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf
http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf
http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf
http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf
http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf
http://www.statcan.gc.ca/pub/84-214-x/84-214-x1996000-eng.pdf

