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Abstract

Background

Disturbed cognitive function is associated with several causes of mortality; however, the
association between cognitive function and the risk of cancer death has not been exten-
sively investigated yet. We aimed to evaluate the association of cognitive function with the
risk of cancer death and all-cause mortality in the PROspective Study of Pravastatin in the
Elderly at Risk (PROSPER) and Leiden 85-plus Study. Additionally, a systematic review
and meta-analysis of longitudinal studies were conducted to evaluate the association of cog-
nitive function and risk of cancer death.

Methods

Risk of cancer death and all-cause mortality were reported using hazard ratios (HRs) with
95% confidence interval (Cl) in tertiles of cognitive function of PROSPER and Leiden85-
Plus Study. Additionally, PubMed, Embase, Web of Science, Cochrane, PsycINFO, Aca-
demic Search Premier, CINHAL, and Emcare were searched up to November 1%, 2020 to
perform a systematic review and meta-analysis. The relative risks (RRs) with 95%CI of can-
cer death per each standard deviation lower performance in cognitive measurements were
calculated.

Results

Participants of PROSPER had 1.65-fold (95%CI 1.11-2.47) greater risk of cancer death (P
for trend = 0.016) and 1.85-fold (95%CI 1.46—2.34) higher risk of all-cause mortality (P for

PLOS ONE | https://doi.org/10.1371/journal.pone.0261826  January 7, 2022

1/15


https://orcid.org/0000-0001-5006-0528
https://doi.org/10.1371/journal.pone.0261826
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261826&domain=pdf&date_stamp=2022-01-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261826&domain=pdf&date_stamp=2022-01-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261826&domain=pdf&date_stamp=2022-01-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261826&domain=pdf&date_stamp=2022-01-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261826&domain=pdf&date_stamp=2022-01-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0261826&domain=pdf&date_stamp=2022-01-07
https://doi.org/10.1371/journal.pone.0261826
https://doi.org/10.1371/journal.pone.0261826
http://creativecommons.org/licenses/by/4.0/
mailto:naveed.sattar@glasgow.ac.uk
mailto:naveed.sattar@glasgow.ac.uk

PLOS ONE

Cognitive function associates with higher risk of cancer death and all-cause mortality

also be requested from the co-author J.W. Jukema
(P1) via j.w.jukema@lumec.nl.

Funding: The original PROSPER clinical trial was
funded by an investigator-initiated grant from
Bristol-Myers Squibb, USA. However, the company
was not involved in the formulation of hypotheses,
analysis of the data, or in any aspect of the
preparation of this manuscript. Leiden 85-plus
study was funded in part by an unrestricted grant
from the Dutch Ministry of Health, Welfare, and
Sports. The funders of PROSPER and Leiden 85-
plus Study had no role in study design, data
collection, and analysis, decision to publish, or
preparation of the manuscript.

Competing interests: The authors have declared
that no competing interests exist.

trend<0.001), in multivariable models. Results of the Leiden-85 Plus Study showed that sub-
jects with MMSE score below 24 had a lower chance of cancer death (HR 0.79, 95%Cl
0.36-1.70, P for trend = 0.820) but had 2.18-fold (95%CI 1.57-3.02) higher risk of all-cause
mortality compared to the reference group (P for trend<0.001). Besides, the results of sys-
tematic review and meta-analysis showed that per each standard deviation lower perfor-
mance in cognitive function, individuals were at a 10% higher chance of cancer death (RR
1.10, 95%CI 1.00-1.20, P-value = 0.044).

Conclusions

Lower cognitive function performance is associated with a marginally increased risk of can-
cer death, in line with a significantly greater risk of all-cause mortality.

Introduction

Research indicated that older individuals with covert or overt vascular injuries might be at
increased risk of cancer development and mortality because of shared risk factors and com-
mon pathogenesis [1]. A growing body of evidence suggests that cancer death and cardiovas-
cular mortality have shared risk factors, including smoking, excess body weight, poor diet,
diabetes, hypertension, and hyperlipidemia [2-6]. A distinct number of studies have presented
that adherence to cancer prevention guidelines for controlling tobacco smoking, body weight,
diet, physical activity, and alcohol consumption is associated with a significantly lower risk of
cancer death as well as cardiovascular and all-cause mortality [7, 8].

Next to that, longitudinal studies have stated that impaired cognitive function and different
types of dementia are associated with higher risk of cardiovascular and all-cause mortality in
older subjects, independent of confounders including socioeconomic status, history of vascular
disease, and cardiovascular risk factors [9-12]. Accordingly, we previously evaluated the asso-
ciation of various cognitive domains with the incidence of cardiovascular events as well as all-
cause and cause-specific mortality in different older populations [13-15].

Although the link between lower cognitive function with cardiovascular and all-cause mor-
tality has been studied previously [16-18], only a few longitudinal studies have investigated
whether cognitive function measured before cancer diagnosis might also be associated with
the risk of death due to cancer, particularly among middle-aged and older individuals [17-21].
However, the populations of interest, methodological approaches, findings, and subsequent
interpretation of outcomes were not consistent across all the studies.

In this study, we aimed to evaluate the association of cognitive function with the risk of can-
cer death and all-cause mortality in the Prospective Study of Pravastatin in the Elderly at Risk
(PROSPER) and the Leiden 85-plus Study. Additionally, we conducted a systematic review
and meta-analysis of published studies combined with these two studies to obtain the precise
and constant magnitude of the association between cognitive function and death risk due to
cancer.

Methods
PROSPER study

Study population. From December 1997 to May 1999, 5,804 older adults (men and
women aged 70-82 years) at cardiovascular risk from Scotland, Ireland, and the Netherlands
were invited to participate in the Prospective Study of Pravastatin in the Elderly at Risk

PLOS ONE | https://doi.org/10.1371/journal.pone.0261826  January 7, 2022

2/15


https://doi.org/10.1371/journal.pone.0261826
mailto:j.w.jukema@lumc.nl

PLOS ONE

Cognitive function associates with higher risk of cancer death and all-cause mortality

(PROSPER). The institutional ethics review boards of all centres approved the protocol, and
all participants gave written informed consent. The protocol was consistent with the Declara-
tion of Helsinki. The study design and inclusion procedure of the PROSPER have been
described in detail elsewhere [22, 23]. Briefly, PROSPER was a prospective randomized, dou-
ble-blind placebo-controlled trial, which intended to evaluate whether pravastatin treatment
decreases the risk of cardiovascular events in older individuals with either pre-existing vascular
diseases (coronary, cerebral, or peripheral) or at increased risk of such diseases due to hyper-
tension, diabetes mellitus or smoking. Participants with impaired cognitive function (Mini-
Mental State Examination (MMSE) score of less than 24 out of 30) were excluded from the
study at the time of enrolment. Moreover, subjects who were diagnosed with any cancer, five
years before the initiation of the trial, were excluded from the study. In this study, we included
5,683 individuals with at least one cognitive test result at baseline.

Cognitive function assessment. Four cognitive tests were applied to evaluate four major
domains of cognitive function. To measure selective attention, the Stroop Colour-Word test
was applied in three stages. First, participants were asked to read or name black printed
patches. At the next stage, subjects were asked to name coloured patches synchronized with
the name of colours. At the last stage, participants should name the colour of the patches,
which were printed in different colours from the name of the patches. To measure processing
speed, a paper-based Letter Digit Substitution Test was applied. In this test, subjects were
asked to write digits near letters based on the pattern provided at the top of the test sheet in 60
seconds. Lastly, immediate and delayed memory domains were tested by applying Picture
Learning Test. Fifteen pictures were presented three times, two seconds each. Participants had
to recall as many as possible, and the average of the recalled picture was reported as immediate.
After 20 minutes, participants had to recall the pictures that indicated delayed memory. Scores
of each test were converted to Z-score to standardize the results of cognitive tests, and for each
participant, a composite cognitive score was created by averaging the Z-scores of four tests.
The composite cognitive score was applied as a continuous variable in the PROSPER and the
results were reported in tertiles (low, middle, and high) of the composite cognitive scores.

Outcomes. All endpoints of the PROSPER trial were assessed by the Endpoints Commit-
tee and were blinded to study medication. The main endpoint of the original PROSPER study
was a combination of coronary and cerebrovascular events. Cancer death was assessed by End-
point Committee in the PROSPER as a tertiary outcome. Dates of death were obtained from
the Dutch municipal registry, and specific causes of death were obtained from the Central
Bureau of Statistics of The Netherlands. All endpoints were adjudicated by the independent
local clinical events committee of PROSPER. The underlying cause of death from a death cer-
tificate was coded according to the International Classification of Diseases and Related Disor-
ders, 10™ revision, 1992. In this study, we considered cancer death and all-cause mortality as
our main outcomes. The mean follow-up was 3.2 years.

Covariates. Age, sex, educational attainment, and country of origin as demographic and
socioeconomic characteristics of participants along with smoking habits were recorded. Alco-
hol intake was measured as units of drink per week in the past month (one unit is equal to 60
millilitres distilled spirits, 170 millilitres wine, or 300 millilitres beer). Systolic and diastolic
blood pressures were measured using sphygmomanometers, and the use of hypertensive medi-
cation was recorded at baseline. Fasting venous blood samples for biochemical and hemato-
logic factors checks were collected. Body mass index was calculated as weight (in kilograms)
divided by standing height (in meters squared). Apolipoprotein phenotypes were determined
in plasma samples by Western blotting. The concentration of total serum cholesterol (milli-
mole per litter) was measured at baseline in blood. History of diabetes mellitus, which was
either known or identified by fasting blood glucose more than seven millimoles per litter, was
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recorded. History of all vascular diseases (coronary, cerebral, peripheral) was documented at
the time of recruitment.

Statistical analyses. Baseline characteristics of subjects were reported as mean with stan-
dard deviation (SD) or median with interquartile range (if the data was skewed) for continuous
variables and frequency with a percentage for categorical variables in the total population. The
risk for cancer death and all-cause mortality per tertile of cognitive function was estimated
with Cox regression and reported by hazard ratio (HR) with 95% confidence interval (CI) in
three models. In the first step, results were reported without adjustment (crude model). In the
second model, analyses were adjusted for age, sex, educational attainment, and country of ori-
gin (adjusted model 1). In the last step, analyses were further adjusted for current smoking,
alcohol intake, body mass index, presence of apolipoprotein E4 phenotype, total serum choles-
terol, systolic blood pressure, history of antihypertensive medication, history of diabetes melli-
tus, and history of vascular diseases (adjusted model 2). P for trend was calculated as a
continuous variable in the regression model. All analyses were conducted using SPSS statistical
software (SPSS for Windows, version 20, SPSS Inc., Chicago, IL).

Leiden 85-plus study

Study population. Leiden 85-plus Study was a prospective population-based study of
inhabitants of Leiden district, the Netherlands. The study design and characteristics of the
cohort have previously been described in detail [24, 25]. In brief, between September 1%, 1997,
and September 1%, 1999, 705 people from the 1912-1914 birth cohorts living in the city of Lei-
den who reached the age of 85 years were eligible to participate. There were no selection crite-
ria based on health and demographic characteristics, and no exclusion criteria were used. Oral
and written information about the study was provided, and informed consent was obtained
from all subjects. Overall, 92 individuals refused to contribute, and 14 died before enrolment,
and therefore, 599 subjects (response rate of 85%) participated in the study. Within a month
after their 85 birthday, a physician or a research nurse contacted individuals by phone to
request their participation. The medical ethical committee of the Leiden University Medical
Centre approved the study.

Cognitive function assessment. The MMSE test, which is a commonly used cognitive test
as a diagnostic tool for detecting cognitive impairment and dementia, according to the defini-
tion in the Diagnostic and Statistical Manual of Mental Disorders [26], was administered to all
participants [27]. The MMSE is a paper-based test with a maximum score of 30. The lower
scores indicate higher cognitive disturbance [26]. In this study, the results were reported in
three groups of the MMSE based on clinical cut-off points: MMSE score equal to or above 27
points was considered as preserved cognitive function; MMSE score between 26 to 24 was
indicative of mild cognitive impairment and resulted equal to or below 23 was indicated severe
cognitive impairment.

Outcomes. In this study, we measured cancer death and all-cause mortality as our out-
comes. Subjects were followed for cancer death and all-cause mortality for five years after the
time of recruitment. Cause of death was classified as the International Classification of Dis-
eases and Related Disorders, 10 revision, 1992, and the date of death was found in the civic
registries, and the cause of the death was obtained from CBS (the Netherlands Centraal Bureau
voor de Statistiek).

Covariates. Demographic status data and the medical history of all participants were
recorded at baseline.

Education was dichotomized as either low education and unskilled profession or high edu-
cation and skilled profession. Body mass index and blood pressure were measured by trained
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personnel. All participants were interviewed for the history of smoking. Diabetes mellitus was
considered present when included in the records of the primary care physician, when non-fast-
ing glucose concentrations were more than 11.0 millimoles per litter, or when a participant was
using anti-diabetic medication according to their pharmacy records. Hypertension was defined
as the history of hypertension, or the use of antihypertensive medication at baseline. History of
cardiovascular diseases, including atrial fibrillation, myocardial infarction, and cerebral acci-
dents was obtained from general practitioners or nursing home physicians at baseline.

Statistical analyses. Baseline characteristics of subjects were reported as mean with SD
for continuous variables and frequency with the percentage for categorical variables. The risk
for cancer death and all-cause mortality were calculated by Cox regression and reported by
HR with 95%CI in three stages. Firstly, we calculated hazard ratios for the association between
cognitive function and outcomes (crude model). In the second model, analyses were adjusted
for sex and education (adjusted model 1). Finally, analyses were further adjusted for current
smoking, body mass index, total cholesterol, systolic blood pressure, history of antihyperten-
sive medication, history of diabetes mellitus, history of atrial fibrillation, and history of cardio-
vascular diseases (adjusted model 2). P for trend was calculated as a continuous variable in the
regression model. All analyses were conducted using SPSS statistical software (SPSS for Win-
dows, version 20, SPSS Inc., Chicago, IL).

Systematic review and meta-analysis

We used the preferred reporting items for systematic reviews and meta-analyses (PRISMA)
statement as a guideline for this study [28].

Literature search strategy. We electronically searched several databases, including
PubMed, Embase, Web of Science, Cochrane, PsycINFO, Academic Search Premier, CINHAL,
and Emcare, up to November 1%, 2020, to include cohort studies considering the association
between cognitive performance prior cancer mortality in adult populations. Search terms pro-
vided in S1 File (contains all the supporting tables).

Eligibility criteria and study selection. Inclusion and exclusion criteria are presented in
S1 File (contains all the supporting tables). We set no search restrictions for follow-up time
and study size. Additionally, we applied no language restriction on our search strategy; how-
ever, in the end, we only included English language cohort studies. Two members of the study
team independently evaluated all titles and abstracts to identify eligible studies (S.R. and K.A.
M). We obtained the full text if at least one of the reviewers arbitrated a study to be appropri-
ated to our selective criteria. We reviewed reference lists of included studies to identify other
relative studies. Disagreements on inclusion were resolved by consensus.

Data extraction. The following information was extracted from the included articles:
author name, year of publication, number of participants, follow-up time, number of death
due to cancer, overall mortality, sexual set percentage, age at the baseline of the study, exclu-
sion of dementia at the baseline and cognitive tests. In each eligible study, data on the associa-
tion between cognitive function and cancer death was estimated with hazard ratios and
confidence intervals.

Quality assessment. The methodological quality of included studies was assessed by
using previously explained criteria [29, 30]. The items of the tool assessed study quality within
the domains of the study population, study attrition, data collection, and data analysis (S1 File,
contains all the supporting tables). In total, 11 criteria were considered, and each quality crite-
rion was rated as zero or one. Therefore, the maximum possible score was 11.

Data analysis. To make effect estimates comparable between studies, we reported the
effect as relative risk (RR) per SD lower performance in cognitive scores for all included
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studies. We used the method reported by Viechtbauer [31] to calculate the estimation of RR
per SD of the underlying normal distribution, assuming a log-linear relation on the underlying
normal distribution scale between the cognitive test and the risk of death due to cancer. To
apply the method, the numbers of cases per category were needed, which were given in the
articles. After the calculation of RR for each study, a meta-analysis was performed using a ran-
dom-effects model. The random-effects model was applied because it takes into account the
variability between studies. All statistical analyses were performed using R version 3.6.2. We
calculated the quantity I” to describe the degree of heterogeneity [32].

Results
PROSPER study

Table 1 shows the baseline demographic status and clinical characteristics of participants. In
this study, we included 5,683 individuals with at least one cognitive test result at baseline.
Among those, 5,056 (89.0%) participants had completed profile of cognitive tests. The mean
age was 75.3 years, and 2,937 (51.7%) of them were female.

Table 2 shows the number and percentage of cancer death and all-cause mortality depen-
dent on the level of composite cognitive score. During the follow-up time, 202 (3.6%) cases of
cancer death and 589 (10.4%) cases of all-cause mortality were reported. In the fully adjusted
analysis of the total population, subjects had 27% (HR 1.27, 95%CI 1.04-1.54) higher chance
of death due to cancer (P = 0.018) and 35% (HR 1.35, 95%CI 1.22-1.52) all-cause mortality
(P<0.001) per one SD lower performance in the continuous composite cognitive score. When
tertiles of performance in cognitive function came to consideration, individuals in the middle
tertile of the composite cognitive score had around 46% (HR 1.46, 95%CI 0.98-2.18) higher
risk, and participants in the lowest tertile of the composite cognitive score had about 65% (HR
1.65, 95%CI 1.11-2.47) greater risk of cancer death (P for trend = 0.016). Moreover, our results
showed that individuals in the middle tertile of the composite cognitive score had about 52%
(HR 1.52, 95%CI 1.19-1.93) elevated risk, and participants in the lowest tertile of the

Table 1. Characteristics of PROSPER participants.

Characteristics Values (n = 5,683)
Age, years, mean (SD) 75.32 (3.35)
Female, n (%) 2937 (51.68)
Age left school, mean (SD) 15.14 (2.04)
Current smoking, n (%) 1533 (26.98)
Alcohol intake, u/m, median (IQR) 1(0-7)

Body mass index, kg/m2, mean (SD) 26.85 (4.20)
Total cholesterol, mmol/L, mean (SD) 5.68 (0.91)
Systolic blood pressure, nmHg, mean (SD) 154.61 (21.89)
Diastolic blood pressure, nmHg, mean (SD) 83.74 (11.45)
APOE4, n (%) 1243 (21.87)
Antihypertensive treatment, n (%) 3518 (61.90)
History of diabetes mellitus, n (%) 611 (10.75)
History of vascular diseases, n (%) 2504 (44.06)

Abbreviations: n: number; SD: Standard Deviation; u/m: unite per month; IQR: Interquartile Range; kg/m2:
kilogram-meter squared; mmHg: millimeters of mercury; mmol/L: millimoles per liter; APOE e4: apolipoprotein E4
(APOE4).

https://doi.org/10.1371/journal.pone.0261826.t001
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Table 2. Risk of cancer death and all-cause mortality in relation to tertiles of composite cognitive score of PROSPER.

Continuous composite Tertiles of composite cognitive score (n = 5,683)
cognitive score (n = 5,683)

Continuous P-value Highest tertile (n = 1894) Middle tertile (n = 1895) Lowest tertile (n = 1894)

Cancer Death

Number (%) 202 (3.55) - 47 (2.48) 66 (3.48) 89 (4.70)
Crude model, HR (95%CI) 1.37 (1.15-1.61) | <0.001 1.00 (ref.) 1.43 (0.98-2.08) 2.01 (1.41-2.86)
Model 1, HR (95%CI) 1.33 (1.12-1.61) 0.001 1.00 (ref) 1.40 (0.93-1.98) 1.91 (1.32-2.75)
Model 2, HR (95%CI) 1.27 (1.04-1.54) 0.018 1.00 (ref) 1.46 (0.98-2.18) 1.65 (1.11-2.47)
All-cause Mortality

Number (%) 589 (10.36) - 121 (6.39) 194 (10.24) 274 (14.47)
Crude model, HR (95%CI) 1.56 (1.43-1.72) <0.001 1:00 (ref.) 1.64 (1.31-2.06) 2.42 (1.94-2.99)
Model 1, HR (95%CI) 1.45 (1.32-1.61) <0.001 1:00 (ref.) 1.50 (1.19-1.89) 2.06 (1.65-2.57)
Model 2, HR (95%CI) 1.35(1.22-1.52) <0.001 1:00 (ref.) 1.52 (1.19-1.93) 1.85 (1.46-2.34)

Abbreviations: n: number; HR: Hazard Ratio; CI: Confidence Interval

P for trend

<0.001
<0.001
0.016

<0.001
<0.001
<0.001

Model 1: adjusted for age, sex, education and country. Model 2: model 1 further adjusted for body mass index, smoking, alcohol intake, total cholesterol, apolipoprotein

E4, systolic blood pressure, antihypertensive treatment, statin treatment, history of diabetes mellitus, history of vascular diseases.

https://doi.org/10.1371/journal.pone.0261826.t1002

composite cognitive score had around about 85% (HR 1.85, 95%CI 1.46-2.34) increased risk

of all-cause mortality (P for trend<0.001).

Leiden 85-plus study

Table 3 shows the baseline demographic status and clinical characteristics of participants. All

participants were 85 years old, and 396 (66.1%) subjects were female.

Table 4 shows the number and percentage of cancer death and all-cause mortality depen-
dent on the level of MMSE score. During the follow-up time, 55 (9.8%) cases of cancer death
and 281 (50.3%) cases of all-cause mortality were reported. In the multivariable model of the
total population, no association between performance with MMSE scores and cancer death
was found (HR 0.99, 95%CI 0.92-1.05; P = 0.650). In contradiction, each point lower score of
MMSE performance was associated with higher risk of all-cause mortality (HR 1.09, 95%CI

Table 3. Characteristics of study population of Leiden 85-plus study.

Characteristics Values (n = 599)
Male, n (%) 396 (66.11)
Low education or unskilled profession, n (%) 386 (64.44)
Current Smoking, n (%) 96 (16.03)
Body mass index, kg/m2, mean (SD) 27.20 (4.47)
Total cholesterol, mmol/L, mean (SD) 5.71(1.13)
Systolic blood pressure, nmHg, mean (SD) 155.13 (18.66)
Diastolic blood pressure, nmHg, mean (SD) 76.70 (9.53)
Antihypertensive treatment, n (%) 260 (43.41)
History of diabetes mellitus, n (%) 92 (15.36)
Arterial fibrillation, n (%) 56 (9.35)
History of cardiovascular events, n (%) 402 (67.11)

Abbreviations: n: number; kg/m2: kilogram per meter squared; SD: Standard Deviation; mmol/L: millimoles per

litter; mmHg: millimetres of mercury.

https://doi.org/10.1371/journal.pone.0261826.t003
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Table 4. Risk of cancer death and all-cause mortality depending on MMSE scores of Leiden 85-plus study.

Continuous MMSE score (n = 599)

Group of MMSE scores based on clinical cut-off points (n = 599)

Continuous (n = 559) P-value MMSE >27 (n = 265) MMSE: 24-26 (n = 146) MMSE <23 (n = 184) P for trend
Cancer Death
Number (%) 55 (9.84) 32 (11.90) 9 (6.16) 14 (7.61) -
Crude model, HR (95%CI) 1.01 (0.91-1.06) 0.810 1.00 (ref.) 0.54 (0.26-1.13) 0.85 (0.46-1.59) 0.419
Model 1, HR (95%CI) 0.98 (0.93-1.04) 0.537 1.00 (ref.) 0.59 (0.27-1.25) 1.07 (0.55-2.09) 0.895
Model 2, HR (95%CI) 0.99 (0.92-1.05) 0.650 1.00 (ref.) 0.51 (0.23-1.13) 0.79 (0.36-1.70) 0.820
All-cause Mortality
Number (%) 281 (50.26) - 96 (35.69) 63 (43.15) 122 (66.30) -
Crude model, HR (95%CI) 1.08 (1.06-1.10) <0.001 1:00 (ref.) 1.28 (0.93-1.76) 2.53 (1.93-3.31) <0.001
Model 1, HR (95%CI) 1.09 (1.06-1.10) <0.001 1:00 (ref.) 1.30 (0.94-1.79) 2.60 (1.94-3.47) <0.001
Model 2, HR (95%CI) 1.09 (1.06-1.11) <0.001 1:00 (ref)) 1.23 (0.87-1.74) 2.18 (1.57-3.02) <0.001

Abbreviations: n: number; HR: Hazard Ratio; CI: Confidence Interval
Model 1: adjusted for sex and education. Model 2: model 1 further adjusted for body mass index, current smoking, total cholesterol, systolic blood pressure, arterial

fibrillation, antihypertensive treatment, history of diabetes mellitus and history of cardiovascular diseases.

https://doi.org/10.1371/journal.pone.0261826.1004

1.06-1.11; P<0.001). When we considered clinical cut-off points of MMSE, participants in the
middle-performance group had around 49% (HR 0.51, 95%CI 0.23-1.13) lower risk, and par-
ticipants with the lowest performance in the MMSE test had about 21% (HR 0.79, 95%CI
0.36-1.70) lesser risk of cancer death (P for trend = 0.820). Individuals with middle perfor-
mance in MMSE had around 23% (HR 1.23, 95%CI 0.87-1.74) increased risk, and participants
with the lowest performance in the MMSE test had more than two-fold (HR 2.18, 95%CI 1.57-
3.02) greater risk of all-cause mortality (P for trend<0.001).

Systematic review and meta-analysis

Literature search. The literature search yielded in various databases resulted in 7,341
studies in which 3,784 of them were unique. After performing title and abstract screening,
studies were identified by the first (S.R.) and second (K.A.M.) reviewers. After removing dupli-
cates and full-text screening, five articles met the entry criteria, and results of the PROSPER
and Leiden 85-plus Study were considered to complete the systematic review. A flow diagram
of the search strategy is provided in Fig 1.

Study characteristics. The characteristics of the included studies are presented in Table 5.
In total, 1,545 cancer deaths were reported among 25,493 participants from seven longitudinal
studies. Follow-up times ranged from 3.2 to 25 years. Only two studies (Katsoulis et al. [20] and
PROSPER) had follow-up time shorter than five years. Three studies excluded subjects with
dementia at the time of recruitment (Perna et al. [17], Yaffe et al. [21], and PROSPER). Only
one study included middle age and older people together (Betty et al. [19]), and all others con-
sidered individuals over 60 years old or older. Two studies used a composite score of several
cognitive tests (Betty et al. [19] and PROSPER), and the rest used a single cognitive measure-
ment. Among those five studies, one study applied cognitive telephone screening instruments
(Perna et al. [17]), and the four remaining studies used MMSE to assess cognitive performance.

From a total of 11 points, the overall quality assessment scores ranged from seven to eleven
points, and the average was about nine, which indicates that included studies have high quality
(Table 5).

Study results. Findings from studies are provided in Fig 2. Results of 25,493 subjects of
seven studies pooled, and the risk of cancer death was evaluated per each SD lower
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7,341 Articles identified in search

2,348 PubMed

1,995 Embase

1,317 Web of Science

940 Emcare

330 PsycINFO

199 Academic Search Premier
130 Cochrane

82 CINHAL

v

3,784 Unique articles remained after removing duplicates

v

66 Articles detected by first reviewer
40 Articles detected by second reviewer

v

77 Potentially relevant articles identified for future review
2 Study of PROSPER and Leiden 85+

Excluded because of:
46 Irrelevant outcome/determinants
6 Conference or letter

17 Review/biological mechanisms
1 Non-English
1 Overlapping population

A 4

1 Very short time of follow-up

v

7 Articles included in the systematic review and meta-analysis

Fig 1. The literature search for the systematic review.

https://doi.org/10.1371/journal.pone.0261826.9001

performance in cognitive function. Three studies showed a significant association between
lower performance in cognitive function and increased mortality risk due to cancer (Katsoulis
etal. [20], Betty et al. [19], and PROSPER). After pooling the estimates from individual studies,
the results indicated that each SD lower performance in a cognitive test was poorly associated
with a 10 percent higher risk of cancer death (RR 1.10, 95%CI 1.00-1.20; P-value 0.044); how-
ever, heterogeneity testing revealed moderate heterogeneity (P for heterogeneity = 0.11; I* =
39.9%). The funnel plot was asymmetrical, which confirmed a possibility for publication bias.

Discussion

In this study, we show that participants of the Prospective Study of Pravastatin in the Elderly at
Risk (PROSPER) who had either pre-existing vascular diseases or were at increased risk of
such diseases had higher risk of all-cause mortality and cancer death and if they were at the
lowest composite cognitive score compared to those who were at the highest tertile.
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Table 5. Characteristics of studies included in systematic review and meta-analysis.

Author/ Country Follow-up | Number of | Number of |Number of all-| Female | Ageat Baseline | Cognitive tests Quality

Year time participants | cancer death cause sex (%) | baseline | dementia Assessment
(Year) (%) mortality (%) excluded (out of 11)

Katsoulis Greece 4 733 17 (2.3) 86 (11.1) 63.8 60.0+ NO MMSE 7

etal. 2014

(20]

Takata et al. Japan 10 205 17 (8.3) 120 (58.5) 57.1 85.0 NO MMSE 7

2014 [18]

Batty et al. England 9 9,204 509 (5.5) 1,488 (16.2) 54.1 50-100 NO WLT, WFT, 9

2014 [19] LCT

Perna et al. Germany 6.1 1,622 82 (5.1) 231 (14.2) 59.6 73.9 (SD YES COGTEL 11

2015 [17] 2.8)

Yaffe et al. United States 25 7,447 663 (8.9) 4,451 (59.8) 100 65.0+ YES MMSE 11

2016 [21]

PROSPER Scotland, 32 5,683 202 (3.6) 589 (10.4) 51.7 75.3 (SD YES Stroop, Letter- 10

2020 Ireland, and the 3.4) Digit, IPWLT,

Netherlands DPWLT
Leiden 85 The Netherlands 5 599 55(9.2) 281 (50.3) 66.1 85.0 NO MMSE 10
+ 2020

Abbreviations: SD: Standard Deviation; MMSE: Mini-Mental State Examination; WLT: Word-List Learning Test; WFT: Word Finding Task; LCT: Letter Cancellation
Test; COGTEL: Cognitive Telephone Screening Instrument; IPWLT: Immediate Picture-Word Learning Test; DPWLT: Delayed Picture-Word Learning Test.

https://doi.org/10.1371/journal.pone.0261826.t005

Consequently, lower performance in MMSE tests was associated with the higher risk of all-
cause mortality in the participants of the Leiden 85-plus Study, but there was no association
between performance in cognitive function and cancer death.

To our knowledge, this is the first systematic review and meta-analysis to investigate the
association between cognitive performance and risk of cancer death. Combined with the find-
ings of the PROSPER and Leiden 85-plus Study, we observed a marginal relation in lower per-
formance of cognitive function with a greater risk of cancer death.

Our findings are in line with other research revealing the importance of cognitive perfor-
mance and several causes of mortality in older subjects [9-12]. During decades of studies,
much attention has been given to the association between dementia and other health out-
comes. However, investigations during recent years show that poor cognitive function, even in
the absence of dementia, is independently associated with the different causes of mortality [14,
33, 34]. An inverse association between cognitive function with the risk of all-cause and cause-
specific mortality has been indicated earlier from various studies. Research has shown that
impairment in different domains of cognitive function is associated with overall mortality,
including vascular and non-vascular causes [14-16]. The consistency of the findings suggests
that cognitive dysfunction associated with various causes of mortality is a reflection of the
underlying diseases [35]. Though we showed that lower performance in cognitive function
associates with cancer death in the PROSPER, we failed to present this association in the Lei-
den 85-plus population. Since the prevalence of mortality in the Leiden 85-plus Study popula-
tion is high due to cardiovascular and non-cardiovascular causes [14], the risk of mortality
attributable to cancer is precluded by death due to other causes. Therefore, in the competing
risks setting, the event of interest might be hampered by a competing event or censoring [36].
Moreover, the Leiden 85-plus Study included all subjects who reached the age of 85 years.
There were no selection criteria based on health and demographic characteristics, and no
exclusion criteria were used for the initiation of the study. However, in the PROSPER, there
was an exclusion criterion that subjects should not be diagnosed with cancer five years prior to
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Author(s) and Year Risk Ratio [95% CI]  Weight (%)
Katsoulis et al. (2014) k—-—i 1.68 [1.04, 2.70] 3:3
Takata et al. (2014) —— 1.10 [0.63, 1.91] 2.5
Batty et al. (2014) 3 1.13 [1.02, 1.26] 26.9
Perna et al. (2015) .—-—. 1.08 [0.86, 1.36] 112
Yaffe et al. (2016) - 0.99 [0.91, 1.08] 31.1
PROSPER '—H 1.20[1.03, 1.39] 19.6
Leiden 85+ —— 0.97 [0.68, 1.40] 5.4
Overall (I =39.9%, p=0.11) igq 1.10 [1.00, 1.20]
| N B R |
0.25 0.5 1 15 2 4
Relative Risk

Fig 2. The relative risk of cancer death per standard deviation lower performance in cognitive tests.

https://doi.org/10.1371/journal.pone.0261826.9002

the initiation of the trial. This difference between the inclusion and exclusion criteria of these

studies might be interfering with the health outcomes and could be considered as an explana-

tion of the failure of presenting the association between cognitive function and cancer mortal-
ity in the Leiden 85-plus Study.

Cancer and vascular injuries establish an inordinate burden on public health and share sev-
eral crucial modifiable risk factors, including tobacco smoking, obesity, poor lifestyle choices,
diabetes, hypertension, and hyperlipidemia [2-6]. Common mechanisms underlying cardio-
vascular diseases and cancer elucidate the role of vascular health on the development of them
[37].

On the contrary, in more recent longitudinal studies, the association of cognitive dysfunc-
tion and dementia with a higher risk of cardiovascular diseases and mortality has been exten-
sively investigated. Thus, evaluation of cognitive function can be considered as a risk
assessment for cardiovascular events and mortality in older subjects [9-12]. Therefore, an
impaired cognitive function might be a sign of disruption of neural plasticity and cerebral
integrity [38] as well as an early manifestation of covert vascular pathologies, putting subjects
at a greater risk of cardiovascular events and mortality [13-15].

The association and mechanisms underlying cognitive function with the increased risk of
cancer death and all-cause mortality have not been fully understood yet. Therefore, seeking
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possible explanations that could explicate this association is crucial. Behavioral and modifiable
risk factors, including tobacco smoking, obesity, lack of physical activity, diabetes, heavy alco-
hol consumption, hypertension, and hyperlipidemia, are the first and foremost possible mech-
anisms underlying those conditions [2-6]. Besides, living in a low socioeconomic status
community and unhealthy life choices are associated with greater cognitive impairment and a
higher risk of death due to cancer and all-cause mortality [39-41]. Health literacy is the other
prominent possible mechanism underlying cognitive function and cancer death [42, 43].
Health literacy defines as the ability and capacity of an individual for finding health informa-
tion and medical services, communicating needs and preferences, understanding the choices
and framework of information and services, and making a relevant decision to choose the best
options based on the needs. People with poor health literacy are less likely to seek preventive
strategies before the onset of diseases and have less ability to recognize the symptom of the dis-
ease, and have less tendency to stick to the treatment procedure [44, 45]. The other possible
explanation for the observed association is poor adherence to medication and treatment due
to cognitive deficits, which leads to decline in cognitive function as well as increases the risk of
cancer death [46, 47]. Finally, system integrity might elucidate this association in which sug-
gests that higher cognitive performance could be considered for a better constitution. That
means the better cognitive function is a reflection of well-wired physiology, leading to better
response to environmental stimuli [48].

This study has several strengths and limitations. As a strength, firstly, we reported data
from two original studies and combined the results with findings of previously published
research. Secondly, we included a relatively large number of participants from Europe, the
United States, and South-Eastern Asia, the regions where aging and age-related disorders,
such as cognitive dysfunction and cancer, are the leading public health concerns. As a limita-
tion, the measurement of cognitive function was different for each study, which brings difficul-
ties to compare findings. Another limitation of this systematic review and meta-analysis was
the probability of publication bias due to the absence of unpublished data.

In conclusion, our results state that lower performance in cognitive function is associated
with a higher risk of cancer death in the PROSPER participants and all-cause mortality in both
PROSPER and Leiden 85-plus study population. Outcomes from our meta-analysis suggest
that impaired cognitive performance is marginally associated with a higher risk of cancer
death. These findings and previous research demonstrate that poor cognitive function in old
age is a risk indicator for various causes of mortality, of which cancer death is one of them, as
shown in the present study.
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