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OBSERVATIONAL STUDY

Symptomatic Atherosclerotic Disease and Decreased Risk of
Cancer-Specific Mortality

A Prospective, Population-Based Study (NEDICES)
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Abstract: The few studies that have assessed the association between
symptomatic atherosclerotic disease and risk of cancer have had con-
flicting results. In addition, these studies ascertained participants either
from treatment settings (ie, service-based studies) or by using a records
linkage system (ie, medical records of patients evaluated at clinics or

Editor: Ahmet Aykan.

Received: March 27, 2015; revised: July 8, 2015; accepted: July 10, 2015.

From the Department of Neurology, University Hospital ““12 de Octubre’’

(JB-L, JGdIA, AM-S, FB-P); Department of Medicine, Faculty of

Medicine, Complutense University (JB-L, JGdIA, AM-S, FB-P); Centro

de Investigacion Biomédica en Red sobre Enfermedades Neurodegener-

ativas (CIBERNED), Madrid, Spain (JB-L, FB-P); Department of

Neurology, Yale School of Medicine (EDL); Department of Chronic

Disease Epidemiology, Yale School of Public Health (EDL, JHL); and

Center for Neuroepidemiology and Clinical Neurological Research, Yale

School of Medicine and Yale School of Public Health, New Haven, CT,

USA (EDL, JHL).

Correspondence: Julian Benito-Ledn, Department of Neurology, University
Hospital <“12 de Octubre’’, Avda. De la Constitucion 73, portal 3, 7°
Izquierda, E-28821 Coslada, Madrid, Spain (e-mail: jbenitol67@
gmail.com).

JB-L collaborated in the conception, organization, and execution of the
research project; the statistical analysis design; and the writing of the
manuscript first draft and the review and critique of the manuscript.
JGdIA collaborated in the conception, organization and execution of the
research project, and the review and critique of the manuscript. AM-S
collaborated in the conception, organization and execution of the
research project, and the review and critique of the manuscript. EDL
collaborated in the organization of the research project and the review
and critique of the manuscript.

JHL collaborated in the organization of the research project and the review
and critique of the manuscript. FB-P collaborated in the conception,
organization and execution of the research project, and the review and
critique of the manuscript.

Additional information about collaborators and detailed funding of the
NEDICES Study can be found on the web (http://www.ciberned.es/
estudio-nedices). The Spanish Health Research Agency and the Spanish
Office of Science and Technology supported NEDICES. JB-L is sup-
ported by the National Institutes of Health, Bethesda, MD, USA (NINDS
#R01 NS39422), the Commission of the European Union (grant ICT-
2011-287739, NeuroTREMOR), and the Spanish Health Research
Agency (grant FIS PI12/01602). EDL has received research support
from the National Institutes of Health: NINDS #R01 NS042859 (prin-
cipal investigator), NINDS #RO01 NS39422 (principal investigator),
NINDS #RO1 NS086736 (principal investigator), NINDS #RO01
NS073872 (principal investigator), NINDS #R01 NS085136 (principal
investigator). JHL is supported by the American Heart Association
#13GRNT16100017, NINDS #5US54NS081763-02, and NINDS #
U01 NS038384. FB-P is supported by NINDS #R01 NS39422 from
the National Institutes of Health, Bethesda, MD, USA and from the
Commission of the European Union (grant ICT-2011-287739, Neuro-
TREMOR).

The authors have no conflicts of interest to disclose.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the Creative Commons

Attribution License 4.0, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original work is properly cited.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000001287

Medicine ¢ Volume 94, Number 32, August 2015

hospitals) and, therefore, were prone to selection bias. Our purpose was
to estimate the risk of cancer mortality in a large population-based
sample of elderly people, comparing participants with symptomatic
atherosclerotic disease (atherosclerotic stroke and coronary disease) to
their counterparts without symptomatic atherosclerotic disease (ie,
controls) in the same population.

In this population-based, prospective study (Neurological Disorders
of Central Spain, NEDICES), 5262 elderly community-dwelling partici-
pants with and without symptomatic atherosclerotic disease were
identified and followed for a median of 12.1 years, after which the
death certificates of those who died were reviewed.

A total of 2701 (53.3%) of 5262 participants died, including 314
(68.6%) of 458 participants with symptomatic atherosclerotic disease
and 2387 (49.7%) of 4804 controls. Cancer mortality was reported
significantly less often in those with symptomatic atherosclerotic dis-
ease (15.6%) than in controls (25.6%) (P < 0.001). In an unadjusted Cox
model, risk of cancer-specific mortality was decreased in participants
with symptomatic atherosclerotic disease (HR = 0.74, 95% confidence
interval [CI], 0.55—0.98, P=0.04) vs. those without symptomatic
atherosclerotic disease (reference group). In an adjusted Cox model,
HR =0.58; 95% CI, 0.38—0.89; P=0.01.

This population-based, prospective study suggests that there is an
inverse association between symptomatic atherosclerotic disease and
risk of cancer mortality.

(Medicine 94(32):¢1287)

Abbreviations: 37-MMSE = 37-item version of the Mini-Mental
State Examination, NEDICES = Neurological Disorders of Central
Spain, TIA = transient ischemic accident.

INTRODUCTION

he worldwide burden of cancer and atherosclerotic disease

(ie, atherosclerotic stroke and coronary disease) is expanding
rapidly as a result of ageing and/or unhealthy lifestyle.' = The
International Agency for Research on Cancer estimated that in
2012, there were 14.1 million new cases of cancer and 8.2 million
deaths.! In 2010, there were approximately 11,569,000 incident
ischemic stroke events worldwide, while for coronary disease, in
2001, there were 7.3 million deaths and 58 million disability
adjusted life years lost worldwide.* Common risk factors, includ-
ing tobacco use, exposures to ionizing radiation, arsenic, and
various industrial combustion effluents containing polycyclic
aromatic hydrocarbons, sex hormones, unhealthy lifestyle, and
being overweight, might favor simultaneous occurrence of both
diseases.” In addition, a series of shared molecular pathways play
a significant role in the pathogenesis and progression of both
atherosclerosis and cancer; these include major molecular inflam-
matory pathways and angiogenesis, among many others.>® As a
result, the probability of co-occurrence in the same patient of 2 of
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the most common age-associated diseases worldwide is expected
to rise with increasing age.

Based on these considerations, several studies have
assessed the incidence of cerebrovascular or cardiovascular
disease among patients with active cancer.” "' Overall, these
studies point to an increased incidence of cerebrovascular
disease among patients with active cancer, mainly during the
first months after diagnosis of cancer and then slowly decreas-
ing overtime, which suggests that the association of active
cancer and subsequent stroke is mediated by cancer-related
mechanisms such as the hygercoagulability state, cancer itself,
or the effects of treatment.®'! On the contrary, fewer studies
have examined the incidence of cancer among those who suffer
from cerebrovascular or cardiovascular disease, and they have
reported conflicting results.'>™'® All studies enrolled subjects
from treatment settings (ie, service-based) or used a records
linkage system (ie, medical records of patients evaluated at
clinics or hospitals) and therefore, were prone to selection
bias.”"'® Further, most were not adjusted for smoking, an
important confounder, since this unhealthy habit increases
the risk of both atherosclerotic disease and cancer.”~'3!>-1¢
In addition, these studies did not differentiate between the main
causes of stroke (ie, atherosclerotic strokes vs cardioembolic
strokes).” 1® The absence of such differentiation could attenu-
ate the ability to detect a relationship between stroke (esp.,
atherosclerotic disease) and cancer.

To date, it remains unclear whether atherosclerotic disease
is associated with an increased risk of cancer. Population-based
studies are preferable for studying this relationship because they
minimize potential sources of bias and confounding in com-
parison to those based on hospital discharge registers, and are
also preferential when investigating risk factors associated with
disease incidence and mortality.'”"® Surprizingly, no study has
assessed long-term cancer-mortality risk in a population-based
cohort of subjects documented to have atherosclerotic cerebro-
vascular disease or coronary vascular disease.

There is considerable evidence from epidemiological and
clinical studies that shows a consistently lower than expected
occurrence of cancer in patients with Parkinson disease, Alzhei-
mer disease, multiple sclerosis, and Huntington disease.'® We
hypothesized that the cancer-mortality risk in participants with
symptomatic atherosclerotic disease would be lower than in
participants without atherosclerotic disease (ie, controls). To
address this question, we utilized data from the Neurological
Disorders in Central Spain (NEDICES) study, in which a popu-
lation-based sample of participants was prospectively evaluated,
thus permitting the minimization of selection bias.>°~** Our
analyses adjusted for numerous potential confounders. In
addition, we conducted secondary analyses stratified by smoking
status and differentiated between the main causes of stroke (ie,
atherosclerotic strokes vs cardioembolic strokes).

MATERIAL AND METHODS

Study Population

Data for these analyses were derived from the NEDICES
study, a longitudinal, population-based survey of the preva-
lence, incidence, and determinants of major conditions of the
elderly, including cerebrovascular disease (transient ischemic
accident [TIA] and stroke), dementia, Parkinson disease, and
essential tremor.?% >

Detailed accounts of the study population and sampling
methods have been published.?**? The survey area comprised
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3 communities: Margaritas (approximately 14,800 inhabitants),
which is a working-class neighborhood in Getafe (Greater
Madrid); Lista (approximately 150,000 inhabitants), a pro-
fessional-class neighborhood in the Salamanca district (Central
Madrid); and Arévalo (approximately 9000 inhabitants), the
agricultural zone of Arévalo County (125km northwest of
Madrid). Up-to-date lists of residents were generated from
population registers. In each community, survey eligibility
was restricted to residents aged 65 years or older who were
present on December 31, 1993, or during 6 or more months of
1993. Eligible persons who had moved away from the survey
area were not traced. In Margaritas and Arévalo, every eligible
subject was selected for screening. However, due to the large
number of elderly residents in Lista, proportionate stratified
random sampling was used to select a subsample of 2113
subjects for screening. The selected study population was
6395 people, but 481 people were ineligible (census issues,
address errors, or death), leaving 5914 eligible subjects, of
whom 5278 were enrolled. All procedures were approved by
the ethical standards committees on human experimentation at
the University Hospitals ‘12 de Octubre’’ (Madrid) and ‘‘La
Princesa’” (Madrid). Written (signed) informed consent was
obtained from all participants upon enrollment.

Study Evaluation

Face-to-face evaluations were performed at baseline
(1994—1995) and then at follow-up (1997—1998). Briefly, at
the time of their baseline assessment, 5278 elderly subjects were
interviewed face-to-face using a 500-item screening question-
naire during which data were collected on demographics,
current medical conditions, smoking (ever vs never), and
drinker (ever at least once per week vs never). As in prior
studies,'®* at baseline, subjects were asked to rate their current
health on a S-point scale using the question, ‘‘In general terms,
how would you describe your health: very good, good, fair,
poor, or very poor?”’ A small number of subjects were in several
categories (eg, there were only 149 who described their health
as very poor). Therefore, as suggested in several previous
studies,'®** we collapsed response options into 3 categories.
These 3 categories were very good/good, fair, and poor/very
poor.

A comorbidity index was calculated based on the presence
of the following conditions, consistent with a recently published
comorbidity score developed in ambulatory care settings:>*
atrial fibrillation, cancer, chronic obstructive pulmonary dis-
ease, dementia, diabetes, epilepsy (treated), heart failure, myo-
cardial infarction, depression, other psychiatric disorders
(psychosis, schizophrenia, or bipolar affective disorder), renal
disease, and stroke. The presence of some items resulted in the
assignment of more points than others. The score ranged from 0
(no conditions) to 28 (ie, all conditions present).

A 37-item version of the Mini-Mental State Examination
(37-MMSE) was also administered.'32%2%33-3% The 37-MMSE
was a Spanish adaptation of the standard MMSE. It included all
of the standard MMSE items as well as 3 additional items: an
attention task, that is, “‘say 1, 3, 5, 7, 9 backwards,’” a visual
order, that is, a man raising his arms, and a simple construction
task, that is, copying 2 overlapping circles.!82%:26:33:35

Waist circumference was measured using a flexible none-
lastic measuring tape. Individuals stood with feet together and
arms resting by their sides.>® The waist circumference was taken
as the narrowest point between the inferior rib border and the
iliac crest.*®

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Most important for this study, the questionnaire included
4 screening questions for stroke and TIA:*** Have you ever
been diagnosed by a physician as having suffered a stroke?
Have you ever had slurred speech or problems talking to
somebody? Have you ever felt mouth deviation? Have you
ever felt weakness in an arm or a leg?

Participants who screened positive for cerebrovascular
disease (N = 678) were examined by 1 of 8 senior neurologists
who met at the inception of the study to establish standardized
methods to perform and interpret the examination (JB-L, AM-
S, and FB-P, and see http://www.ciberned.es/estudio-nedices:
AB, JD-G, JO, JP, and JP-E).23 For 47 participants (6.9% of
678) who could not be examined, medical records
were obtained from their general practitioners, from in-
patient hospitalizations and from neurological specialists (if
they had visited 1). We applied the World Health Organization
clinical definition of a stroke: ‘‘rapidly developing clinical
signs of focal (or global) disturbance of cerebral function
lasting more than 24 hours (unless interrupted by surgery or
death) with no apparent cause other than a vascular ori-
gin.”’?*** TIA was defined as a focal neurological deficit of
sudden onset occurring in a cerebrovascular territory distri-
bution and recovering without sequelae in less than 24 hours,
with nonvascular causes excluded.”*?* Stroke and TIA classi-
fication and etiology was performed on the basis of medical
records, reports of brain imaging, and the judgment of the
NEDICES neurologists.”*** We restricted the current analyses
to those TIAs or strokes caused by symptomatic intracranial or
extracranial atherosclerosis (hereafter called atherosclerotic
stroke), including lacunar strokes. We included lacunar strokes
in this category, since emerging evidence suggests that both
large artery and small vessel disease should be considered
together.?’

With respect to coronary disease (ie, myocardial infarction
or angina), the screening questionnaire included queries adapted
and validated in Spanish from the Multinational MONItoring of
trends and determinants in CArdiovascular disease and the Rose
questionnaire on chest pain and dyspnea.*® The hospital records
from those participants who screened positive for coronary
disease were examined in order to confirm the cardiovascular
event.*® The diagnosis of myocardial infarction was confirmed
if data in the hospital record met standardized criteria of chest
pain or equivalent, there were diagnostic electrocardiographic
changes, and/or there were elevated cardiac enzyme levels.*®
Angina was confirmed by hospital records.*®

Participants were classified as having symptomatic ather-
osclerotic disease if they were diagnosed with noncardioem-
bolic TIA or stroke, or coronary disease (angina or myocardial
infarction).

Exclusions and Final Sample for Analyses

Beginning in January 1994, letters explaining the survey
and inviting participation were mailed to 6395 subjects. Of
these, 5914 subjects were deemed eligible for screening and
5278 subjects (89.2%) were screened. The 636 subjects who
were not screened either declined (292, 45.9%), could not be
located due to an address change (292, 45.9%), or had died (52,
8.2%) (Figure 1). Of the 5278 participants screened at the
baseline evaluation, 16 were excluded because they lacked data
on death status. Therefore, the final cohort consisted of
5262 participants.

Follow-up data on death were collected until May 1, 2007.
The date of death was obtained from the National Population

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Register of Spain (Instituto Nacional de Estadistica). In Spain, a
doctor completes a death certificate on all individuals at the time
of death. The certificate is then sent to the local authority in the
municipality where the person had been living, and the infor-
mation is collected in the National Register. The doctor complet-
ing the death certificate does so in accordance with the
recommendations of the World Health Organization. The assign-
ment of cause of death is based on the basic cause of death (http://
www.who.int/topics/mortality/en/), defined as the illness or
injury which started the chain of pathological events that directly
led to death (http://www.who.int/topics/mortality/en/). Using the
International Classification of Diseases (9th Revision for deaths
that occurred prior to 1999, [http://www.cdc.gov/nchs/icd/
icd9.htm] and 10th Revision [http://www.cdc.gov/nchs/icd/
icd10.htm] for deaths occurring from 1999 to 2007), the
NEDICES investigators classified the cause of death into 6 main
categories: dementia, cerebrovascular disorders, cardiovascular
disorders (pulmonary embolism, congestive heart failure, myo-
cardial infarction, heart or aortic rupture, and asystole), respir-
atory diseases, cancer, and other causes (infections, trauma,
genitourinary, or gastrointestinal disorders).

Statistical Analyses

Data analyses were performed in SPSS Version 21.0 (IBM
Corp., NY, USA). Age, waist circumference, 37-MMSE score,
number of medications, and comorbidity index were not nor-
mally distributed (all Kolmogorov—Smirnov test, P < 0.001),
even after log-transformation. Therefore, we used Mann—Whit-
ney U test to analyze these continuous variables. The Chi-
square test was used to analyze categorical variables.

We used Cox proportional hazards models to estimate the
relative risk of cancer-specific mortality; this generated hazard
ratios (HR) with 95% confidence intervals (CI). The time
variable was the years from the date of the baseline evaluation
(1994—1995) to either May 1, 2007 in living participants or the
date of death in participants who had died prior to May 1, 2007.

We considered several baseline variables as potential
confounders. These were age in years, gender, educational
level, geographical area (Lista, Arévalo, and Las Margaritas),
ever smoked (ex-smokers and current smokers), ever drank (ex-
drinkers and current drinkers), waist circumference in cm, 37-
MMSE total score, arterial hypertension, hypercholesterolemia,
number of medications, comorbidity index, and self-rated
health (good or very good, fair, and poor or very poor).

In Cox proportional hazards analyses, we estimated the risks
of cancer-specific mortality in participants with symptomatic
atherosclerotic disease compared with the reference group
(participants who did not have symptomatic atherosclerotic dis-
ease). Then, in adjusted models, we first considered variables that
were associated at the p <0.05 level with both symptomatic
atherosclerotic disease and cancer-specific mortality (‘‘Model 1’
[more restrictive criteria for confounding]) and then considered
baseline variables that were associated at the p < 0.05 level with
either symptomatic atherosclerotic disease or cancer-specific
mortality (‘“Model 2’ [less restrictive criteria for confounding]).
For completeness, we also adjusted for all the potential con-
founders, independent of their statistical significance (ie, even if
they were not associated with either the exposure or the outcome)
(““Model 3°°). In secondary analyses, participants with sympto-
matic atherosclerotic disease were stratified into 2 groups based
on their smoking status.

Kaplan—Meier survival curves for subjects with and with-
out symptomatic atherosclerotic disease were assessed; the log-
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Registered population

6,395

Eligible 5,914 |

Ineligible 481

Not screened 636
Deaths 52

Declined 292
Unreachable 292

h 4

A 4

Baseline evaluation

First evaluation

1994-95 5278
Participants without
data on death
status 16
A
Final cohort
5,262
y
Non-atherosclerotic Symptomatic
participants atherosclerotic participants
4,804
Thirteen-year >
mortality May 1, 2007

2,387 deaths
(49.7%)

Deaths by cancer
610 (25.6%)

FIGURE 1. Flow chart of the study.

rank test was used to compare the differences between the
curves.

RESULTS

The 5262 participants had a mean duration of follow-up of
9.5 years (median = 12.1 years; range =0.01—13.5 years). Of
the 5262 participants, 458 had suffered a symptomatic athero-
sclerotic disease event at baseline, including 201 TIA/stroke
cases (43.9%), 235 (51.3%) angina/myocardial infarction cases,
and 22 (4.8%) cases with both diseases.

A total of 2701 (53.5%) of 5262 participants died, with
deaths occurring at a median follow-up of 6.2 years (range
0.01-13.3 years), including 314 (68.6%) deaths among 458
participants with symptomatic atherosclerotic disease and 2387
(49.7%) deaths among 4804 participants without atherosclerotic
disease (Figure 1). There were significant differences in age,
gender, smoking status, waist circumference, and medical
comorbidities when participants with versus without sympto-
matic arteriosclerotic disease were compared (Table 1). In
addition, participants with symptomatic atherosclerotic disease
reported their health as poorer or much poorer when compared
with participants without symptomatic arteriosclerotic disease.

4 | www.md-journal.com

314 deaths
(68.6%)

Deaths by cancer
49 (15.6%)

Baseline characteristics of the participants who died of
cancer versus other causes are shown (Table 2). Those who died
of cancer were more likely to be men and were younger and more
educated. In addition, they were less likely to have hypertension
and had a lower comorbidity index. They scored more highly on
the 37-MMSE, and larger proportions were drinkers or smokers
(Table 3). Further, they self-rated their health more highly than
those who died of other causes (Table 3).

Cause of death noted on the death certificates differed
significantly by atherosclerotic disease status (Table 3). Cancer
and dementia were reported significantly less often in partici-
pants with symptomatic atherosclerotic disease. By contrast, as
expected, cerebrovascular and cardiovascular diseases were
reported significantly more often in participants with sympto-
matic atherosclerotic disease (Table 3).

Type of cancer listed on the death certificate was compared
in participants with versus without symptomatic atherosclerotic
disease; malignant neoplasms of digestive organs and perito-
neum were less frequent in participants with symptomatic
atherosclerotic disease (Table 4).

In an unadjusted Cox model, risk of cancer-specific
mortality was decreased in participants with symptomatic ather-
osclerotic disease (HR =0.74, 95% CI, 0.55-0.98, P=0.04)

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Baseline Demographic and Clinical Characteristics of Participants With Symptomatic Atherosclerotic Disease and
Participants Without Symptomatic Atherosclerotic Disease

Participants With

Symptomatic Atherosclerotic

Participants Without
Symptomatic Atherosclerotic

Disease (N =458) Disease (N =4804) P Value

Age in years 75.8 (75.00+7.3 74.2 (73.0)+ 6.9 <0.001"
Gender (women) 193 (43.1%) 2839 (59.1%) <0.0017
Educational level®

Illiterate 66 (14.5%) 642 (13.5%) 0.78"

Can read and write 184 (40.5%) 1904 (40.0%)

Primary studies 140 (30.8%) 1573 (33.0%)

Secondary and higher studies 64 (14.1%) 643 (13.5%)
Geographical area 021

Lista 120 (26.2%) 1444 (30.1%)

Arévalo 179 (39.1%) 1745 (36.3%)

Las Margaritas 159 (34.7%) 1615 (33.6%)
Ever smoker (ex-smoker -+ current smoker)* 188 (47.7%) 1404 (37.7%) <0.0017
Ever drinker (ex-drinker 4 current drinker)* 221 (55.9%) 1993 (53.6%) 0.38"
Waist circumference (cm)* 100.7 (98.0) £58.2 95.5 (96.0)£12.1 0.006"
37-MMSE total score’ 27.7 (29.0)+6.9 28.6 (30.0) £ 6.1 0.045"
Arterial hypertension* 321 (72.0%) 2242 (49.1%) <0.0017
Hypercholesterolemia 214 (50.6%) 2014 (47.7%) 0.25"
Number of medications* 3.7 (4.0)x£2.1 222.0)£1.8 <0.001"
Comorbidity index® 2.8 (2.0)+1.8 1.0 (0.0)+1.4 <0.001"
Self-rated health’ <0.001"

Good/very good
Fair
Poor/very poor

185 (42.1%)
160 (36.4%)
94 (21.4%)

2665 (59.1%)
1311 (29.1%)
536 (11.9%)

37-MMSE = 37-item version of the Minimental State Examination.
* .
Mann—Whitney U test.

"Chi-square test. Mean (median) + standard deviation and frequency (%) are reported.

“Data on some participants were missing.

§ Comorbidity included 13 conditions: atrial fibrillation, nonmetastatic cancer, metastatic cancer, chronic obstructive pulmonary disease,
depression, dementia, diabetes, epilepsy (treated), heart failure, myocardial infarction, psychiatric disorders, renal disease, and stroke.

versus those without symptomatic atherosclerotic disease (refer-
ence group). After adjustment for baseline age, gender, ever
smoker, 37-MMSE total score, arterial hypertension, number of
medications, comorbidity index, and self-rated health (ie, vari-
ables that were associated with both symptomatic atherosclerotic
disease and cancer-specific mortality), the risk of cancer-specific
mortality remained decreased in participants with symptomatic
atherosclerotic disease (HR=0.67; 95% CI, 0.48-0.96,
P=0.03, Model 1 in Table 5). The results did not change in a
Cox model that adjusted for variables that were associated with
either symptomatic atherosclerotic disease or cancer-specific
mortality (baseline age, gender, educational level, ever smoker,
ever drinker, waist circumference, 37-MMSE total score, arterial
hypertension, number of medications, comorbidity index, and
self-rated health) (Model 2 in Table 5). Further, the results did not
change in a Cox model that adjusted for all variables independent
of their association with the exposure or outcome variables
(Model 3 in Table 5).

In a secondary analysis, participants with symptomatic
atherosclerotic disease were stratified into 2 groups based on
their smoking status. In nonsmokers, the risk of cancer-specific
mortality was decreased in participants with atherosclerotic
disease (unadjusted HR=0.48; 95% CI, 0.25-0.94,
P=0.03). In adjusted analyses, for nonsmokers, the results
remained similar (HR =0.48; 95% CI, 0.24-0.97, P=0.04,

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Model 1; HR =0.33; 95% CI, 0.12-0.93, P =0.04, Model 2;
and HR =0.35; 95% CI, 0.12-0.98, P = 0.04, Model 3). In ever
smokers, the risk of cancer-specific mortality was similar in
participants with versus without symptomatic atherosclerotic
disease (unadjusted HR = 0.78; 95% CI, 0.54—1.13, P=0.19).

In an additional secondary analysis, participants with
symptomatic atherosclerotic disease were stratified by gender.
In men, the risk of cancer-specific mortality was decreased in
participants ~ with  atherosclerotic ~ disease  (unadjusted
HR =0.65; 95% CI, 0.47—-0.91, P=0.01). In adjusted analyses,
for men, the results remained similar (HR =0.64; 95% CI,
0.43-0.96, P=0.03, Model 1; HR=0.63; 95% CI, 0.39—
1.0, P=0.05, Model 2; and HR=0.62; 95% CI, 0.38-1.0,
P=0.05, Model 3). In women, the risk of cancer-specific
mortality was lower, but not to a significant degree, in partici-
pants with versus without symptomatic atherosclerotic disease
(unadjusted HR = 0.68; 95% CI, 0.38—1.22, P=0.20).

In a final analysis, we excluded gender-specific cancers
such as breast cancer (N = 25) and prostate cancer (N =54). In
an unadjusted Cox model, risk of cancer-specific mortality was
decreased in participants with symptomatic atherosclerotic
disease (HR =0.74, 95% CI, 0.55-0.98, P =0.04) versus those
without symptomatic atherosclerotic disease (reference group).
In adjusted analyses, the results remained similar (HR =0.72;
95% CI, 0.50—1.04, P=0.08, Model 1; HR =0.62; 95% CI,
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TABLE 2. Baseline (1994-1995) Demographic and Clinical Characteristics of Participants Who Died of Cancer Versus Other

Causes
Cancer (N =659) Other Causes (N =2042) P Value

Age in years 74.6 (74.0) £ 6.5 78.0 (78.0) £ 7.3 <0.001"
Gender (women) 238 (36.1%) 1121 (54.9%) <0.001"
Educational level*

Illiterate 77 (11.8%) 322 (16.0%) 0.0011

Can read and write 238 (36.6%) 824 (40.9%)

Primary studies 228 (35.0%) 615 (30.5%)

Secondary and higher studies 108 (16.6%) 255 (12.6%)
Geographical area 0.90"

Lista 208 (31.6%) 639 (31.3%)

Arévalo 246 (37.3%) 749 (36.7%)

Las Margaritas 205 (31.1%) 654 (32.0%)
Ever smoker (ex-smoker/current smoker)* 280 (56.7%) 605 (39.1%) <0.001"
Ever drinker (ex-drinker/current drinker)* 319 (64.8%) 830 (53.7%) <0.0017
Waist circumference? 97.2 (97.0)£11.9 96.3 (97.0) £ 12.3 0.29"
37-MMSE total score? 29.3 (30.0)£5.5 26.4 (27.0)0+7.1 <0.001"
Arterial hypertension? 281 (45.5%) 1116 (58.4%) <0.001"
Hypercholesterolemia* 244 (42.5%) 734 (41.6%) 0.69'
Number of medications* 22 (2.0)+1.8 2.8 (3.0)+2.1 <0.001"
Comorbidity index® 1.3 (0.0)£+ 1.6 1.6 (1.0)£1.7 <0.001"
Self-rated health? <0.001"

Good/very good 349 (57.2%) 896 (48.2%)

Fair 186 (30.5%) 611 (32.9%)

Poor/very poor

75 (12.3%)

351 (18.9%)

37-MMSE = 37-item version of the Minimental State Examination.

* Mann—Whitney U test.

Chi-square test. Mean (median) = standard deviation and frequency (%) are reported.

i‘Data on some participants were missing.

§Comorbidity included 13 conditions: atrial fibrillation, nonmetastatic cancer, metastatic cancer, chronic obstructive pulmonary disease,
depression, dementia, diabetes, epilepsy (treated), heart failure, myocardial infarction, psychiatric disorders, renal disease, and stroke.

0.40-0.98, P=0.04, Model 2; and HR = 0.63; 95% CI, 0.40—

0.99, P=0.04, Model 3).

The Kaplan—Meier curve for overall survival (Figure 2)
showed the atherosclerotic cohort to be at increased risk of

death (log-rank P < 0.001).

DISCUSSION

The current study suggests that people with symptomatic

atherosclerotic disease are at reduced risk of mortality from
malignant neoplasm. When compared to participants without

symptomatic atherosclerotic disease, the risk for neoplasm as
the underlying cause of death was approximately 30% to 40%
lower in participants who had symptomatic atherosclerotic
disease. Results from our prospective long-term follow-up
population-based study support earlier results from a clinico-
pathological study of an inverse correlation between athero-
sclerosis and cancer.*

A limited number of studies on the incidence of cancer
among those who suffered from cerebrovascular or cardiovas-
cular disease have been conducted, and the results are

TABLE 3. Cause of Death by Symptomatic Atherosclerotic Disease Status

Participants With

Symptomatic Atherosclerotic

Participants Without
Symptomatic Atherosclerotic

Disease (N =314) Disease (N =2387) P Value®

Dementia 12 (3.8%) 169 (7.1%) 0.03
Cerebrovascular disorders 37 (11.8%) 192 (8.0%) 0.025
Cardiovascular diseases 124 (39.5%) 633 (26.5%) <0.001
Respiratory diseases 42 (13.4%) 345 (14.5%) 0.61
Cancer 49 (15.6%) 610 (25.6%) <0.001
Other causes 50 (15.9%) 438 (18.3%) 0.29
Total 314 (100%) 2387 (100%) -

* Chi-square test.
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TABLE 4. Types of Cancers (N =659) Listed on the Death Certificate by Symptomatic Atherosclerotic Disease Status

Participants With Participants Without
Symptomatic Atherosclerotic Symptomatic Atherosclerotic

Disease (N =49) Disease (N =610) P Value”
Malignant neoplasm of digestive organs and peritoneum 9 (18.4%) 224 (36.7%) 0.01
Malignant neoplasm of respiratory and intrathoracic organs 12 (24.5%) 105 (17.2%) 0.20
Malignant neoplasm of lymphatic and hematopoietic tissue 6 (12.2%) 57 (9.3%) 0.52
Malignant neoplasm of genitourinary organs 12 (24.5%) 109 (17.9%) 0.25
Other types of cancers 10 (20.4%) 115 (18.9%) 0.79

Total

49 (100%) 610 (100%) -

* Chi-square test.

inconclusive.'?” !> In a retrospective cohort of nearly 70,000
patients discharged with extra-coronary manifestations of ath-
erosclerosis, from the Danish National Registry of Patients,
Dreyer and Olsen'? found no association between atherosclero-
sis and colorectal cancers or hormone-related cancers, except
for a decreased standardized incidence ratio of 0.7; 95% CI, 0.5
to 0.9 for endometrial cancer. Again, using the same cohort,
these authors found that the rates of colorectal cancer in acute
myocardial infarct patients were similar to those of the general
population, as were the rates for hormone-related cancers,
including endometrial and postmenopausal breast cancers.'?
However, they found a moderate increase in the risk for
tobacco-related cancers, which was strongest for patients with
early onset of acute myocardial infarct and for female
patien‘[s.12 In the same cohort, atherosclerotic women had a
significantly elevated HR for lung cancer (3.26; 95% CI, 1.95—
5.46).'* Finally, in the Danish nationwide cohort, patients with
acute myocardial infarction and stroke were at 85% and 42%

increased risk of being diagnosed with colorectal cancer,
respectively, within the first year of diagnosis.'> However,
no increased risk in the second and subsequent years was
found."> Our results extend prior knowledge for the overall
finding of lower risk of cancer-specific mortality in the setting
of symptomatic atherosclerotic disease. The fact that the risk of
cancer mortality was significantly lower in nonsmokers with
atherosclerotic disease, but not in ever-smokers with athero-
sclerotic disease, suggests that a genetic or epigenetic predis-
position may mediate this inverse association.

Although the current findings suggest that symptomatic
atherosclerotic disease is associated with decreased cancer-
specific mortality, the mechanisms underlying this association
remain unknown. One of the specific links between atheroscle-
rosis and cancer could be the sirtuin family of proteins (SIRT1—
7).%% Sirtuin functions are intrinsically linked to cellular metab-
olism, lifespan extension induced by caloric restriction, and
gene expression.*'**? It has been shown that SIRT1 is a critical

TABLE 5. Risks of Cancer-Specific Mortality in Participants With Symptomatic Atherosclerotic Disease Versus Those Without

Symptomatic Atherosclerotic Disease (Reference Group)

Unadjusted Model 1* Model 2 Model 3*
95% 95% 95% 95%
HR CI P Value HR CI P Value HR CI P Value HR CI P Value

Participants with 0.74 0.55-098 0.04 0.67 0.48-0.96 0.03 0.58 0.38-0.89 0.01 0.59 0.38-0.90 0.01

symptomatic

atherosclerotic

disease N=314
Participants without 1.00 _ 1.00 _ 1.00 _ 1.00 _

symptomatic

atherosclerotic

disease N =2387
(reference category)

CI = confidence interval, 37-MMSE = 37-item version of the Minimental State Examination.

* Adjusted for baseline age, gender, ever smoker (exsmoker/current smoker), 37-MMSE total score, arterial hypertension, number of medications,
comorbidity index, and self-rated health (good or very good, fair, and poor or very poor). In terms of overall model fit, for Model 2, Chi-square = 85.1,
P <0.001.

‘LAdjusted for baseline age, gender, educational level, ever smoker (exsmoker/current smoker), ever drinker (exdrinker/current drinker), waist
circumference, 37-MMSE total score, arterial hypertension, number of medications, comorbidity index, and self-rated health (good or very good, fair,
and poor or very poor). In terms of overall model fit, for Model 3, Chi-square = 69.1, P < 0.001.

¥ Adjusted for baseline age, gender, educational level, geographical area (Las Margaritas, Lista, Arévalo, and Las Margaritas), ever smoker
(exsmoker/current smoker), ever drinker (exdrinker/current drinker), waist circumference, 37-MMSE total score, arterial hypertension, hyperch-
olesterolemia, number of medications, comorbidity index, and self-rated health (good or very good, fair, and poor or very poor). In terms of overall
model fit, for Model 3, Chi-square =70.0, P < 0.001.
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FIGURE 2. Kaplan—Meier survival curves for subjects with and
without symptomatic atherosclerotic disease. The former had an
increased risk of death (log-rank P<0.001).

protective gene in the vasculature and that decreased SIRT1
expression may promote atherosclerosis and medial degener-
ation due to DNA damage, apoptosis, and accelerated cell
ageing.*'*** Alzheimer disease, as well as other neurodegen-
erative diseases, has been associated with a reduced risk of
cancer mortality,'” and down regulation of the sirtuin pathway
has been shown to ?lay a crucial role in the pathogenesis of
Alzheimer disease.*? Conversely, overexpression of SIRT1 is
frequently observed in various types of cancers.** Although it
remains a controversial issue, it seems likely that SIRT1 over-
expression confers survival advantages to cancerous or trans-
formed cells and accelerates carcinogenesis.**

Further, elevated levels of 3-catenin protein, a hallmark of
an activated canonical Wnt pathway, have been demonstrated in
common forms of human malignancies, creating a favorable
microenvironment for tumor growth and metastasis and contri-
buting to therapeutic resistance.*> Conversely, patients with
atherosclerotic vascular disease had significantly higher levels
of Dickkopf-1, a potent inhibitor of Wnt signaling.*® Other crucial
and evolutionarily conserved signaling pathways, such as p53,
p21, and pl6, are significantly upregulated in atherosclerotic
disease,*”*® while they are frequently inactivated in human
tumors.*’

Our study has limitations. First, we did not collect data on
comorbidity at death or data on who signed the death certificate
(general physician vs neurologist vs oncologist or geriatrician). It
is logical to assume that the level of expertise of the physician
who signed the death certificate would predict the level of
accuracy of that certificate. Second, we based the diagnoses of
cancer on death certificates. The quality of cancer death certifica-
tion in Spain is considered high.>® Third, NEDICES was a study
of the elderly; hence, we only included individuals aged 65 and
older. This means that our findings may not necessarily be
generalized to younger populations. However, the prevalence
and incidence of both cancer and symptomatic atherosclerotic
disease is highest in the age group we enrolled,' > with the disease
burden being of most importance in older age groups. Fourth, it is

8 | www.md-journal.com

possible that risk factors could have changed during the interim
follow-period. Fifth, residual confounding by unmeasured vari-
ables in Cox proportional hazards analyses is possible. Finally,
competing mortality is an issue to consider — indeed, there could
be a potential for survival bias, in that a small proportion of
individuals may have died of cancer at younger ages. However, as
we stated previously, both cancer and atherosclerotic disease are
ageing-related diseases. Therefore, we do not feel that competing
mortality could have biased our results.

This study also had several strengths. First, the design was
population-based, allowing us to assess people with sympto-
matic atherosclerotic disease not based solely on care-seeking
behavior and, therefore, the results may be generalizable to the
community. Second, the assessments were conducted prospec-
tively in a standardized manner, and the follow-up was of
considerable length. Third, we were able to adjust for the
potential confounding effects of a number of important factors.
Fourth, we had the ability to consider detailed analyses of
smoking status. Finally, we performed a detailed clinician
and chart based-assessment of symptomatic atherosclerosis.

Using a prospective, population-based design, we demon-
strated that symptomatic atherosclerotic disease was associated
with decreased risk of cancer-specific mortality. Of note was
that the risk of cancer mortality among those who had sympto-
matic atherosclerosis, but had ever smoked, was similar to the
general population. It is as if tobacco were a modulator of the
overall risk. This study provides evidence of an inverse associ-
ation between symptomatic atherosclerotic disease and cancer.
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