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Abstract
Background: To investigate and to compare the relation be-
tween dementia and cancer with the association between 
mild cognitive impairment (MCI) and cancer. Methods: A to-
tal of 13,207 persons from the Rotterdam Study were fol-
lowed between 1990 and 2013 for the onset of dementia and 
cancer (sample 1). Between 2002 and 2005, a subset of 5,181 
persons underwent extensive cognitive testing for MCI and 
subsequently were followed up for cancer until 2013 (sam-
ple 2). We used Cox proportional hazard models to deter-
mine the association between dementia and cancer, and 
MCI and cancer. Results: In sample 1, 1,404 patients were 
diagnosed with dementia, and 2,316 developed cancer (63 
among dementia cases). Dementia was associated with a de-
creased risk of cancer (hazard ratio [HR] 0.53; 95% CI 0.41–
0.68). In sample 2, 513 persons were diagnosed with MCI and 

670 persons developed cancer (81 among MCI cases). In con-
trast to individuals with dementia, those with MCI tended to 
have an increased risk of cancer (HR 1.25; 95% CI 0.99–1.58). 
Conclusions: We found that persons with MCI tended to 
have an increased risk of cancer, whereas those with demen-
tia have a decreased risk. These findings call into question a 
biological explanation for the inverse link between demen-
tia and cancer, thereby suggesting the presence of method-
ological bias. © 2018 The Author(s)

Published by S. Karger AG, Basel

Introduction

Dementia, including Alzheimer disease (AD), and 
cancer are global health priorities. Interestingly, several 
studies have consistently shown an inverse link between 
the 2 diseases. Patients with dementia have a decreased 
risk of cancer [1–7], while persons with a history of cancer 
are affected less often from subsequent dementia [1, 2, 4, 
5, 8]. 

This article is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License (CC BY-
NC-ND) (http://www.karger.com/Services/OpenAccessLicense). 
Usage and distribution for commercial purposes as well as any dis-
tribution of modified material requires written permission.
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Different biological mechanisms underlying this in-
verse association have been proposed, including path-
ways of cell proliferation and cell survival [9, 10]. Further-
more, epigenetic processes including DNA methylation 
have been considered contributing to this inverse asso-
ciation. Yet, patients with dementia are less likely to be 
screened for other diseases and have a limited life expec-
tancy, both potentially contributing to a decreased subse-
quent incidence of cancer. Therefore, methodological 
bias, such as surveillance bias and survival bias, possibly 
explaining the inverse link between dementia and cancer, 
has so far not been satisfactorily ruled out. 

If indeed a biological mechanism underlies the asso-
ciation between dementia and cancer, this would likely 
extend across the different preclinical stages of cognitive 
impairment. Mild cognitive impairment (MCI) is often 
considered the transitional stage between normal cogni-
tion and dementia, although not all cases of MCI ulti-
mately lead to dementia [11, 12]. As such, it is considered 
an early clinical manifestation of the same pathological 
processes that underlie dementia and AD. Accordingly, 
we hypothesized that if the inverse link between dementia 
and cancer is truly biologically determined, this should be 
also reflected in the association between MCI and cancer. 

We therefore investigated and compared the associa-
tion between dementia and cancer with the association 
between MCI and cancer. 

Materials and Methods

Setting 
This study is embedded in the Rotterdam Study, a population-

based prospective cohort that started in 1990 in the Netherlands. 
The initial cohort (RS-I) consisted of 7,983 participants (78% of 
invitees) aged 55 years or older residing in the district Ommoord 
in Rotterdam. The second cohort (RS-II) started in 2000 and was 
composed of 3,011 participants (67% of invitees) in the same dis-
trict who had turned 55 years or moved into this area. The third 
cohort (RS-III) was started in 2006, in which 3,392 participants 
(65% of invitees) were included. The design of the Rotterdam 
Study has been described in detail previously [13]. 

Standard Protocol Approvals, Registrations, 
and Patient Consents
The Rotterdam Study was approved by the Medical Ethics 

Committee of Erasmus Medical Center and by the board of The 
Netherlands Ministry of Health, Welfare, and Sports. A written 
informed consent was obtained from all participants. 

Study Population
For the current study, 2 partly overlapping samples from the 

Rotterdam Study were defined. First, in sample 1, we investigated 
the association between dementia and risk of cancer, using demen-

tia as a time-varying exposure. This analysis used the complete 
sample and follow-up of the Rotterdam Study. Of 14,926 study 
participants, we excluded patients with prevalent dementia (n = 
527), participants who were not sufficiently screened for dementia 
(n = 743), and participants with prevalent cancer (n = 449), leaving 
a total of 13,207 persons (Fig. 1a). 

Second, in sample 2, we investigated the association between 
MCI and risk of cancer, using MCI at a single assessment, since 
assessment of incident MCI is more difficult than incident 
dementia in a population-based setting due to limited information 
about the date of onset. This sample originated from the fourth 
follow-up round of RS-I, the second round of RS-II, and the first 
round of the RS-III. In total, 9,065 participants were assessed for 
MCI, of whom we excluded patients with prevalent dementia (n = 
124), persons not sufficiently screened for dementia (n = 283), not 
sufficiently screened for MCI (n = 326), or aged below 60 years (n = 
2,599). In addition, participants with prevalent cancer (n = 214) or 
incident cancer before MCI assessment (n = 338) were excluded, 
resulting in 5,181 participants for the MCI analysis (Fig. 1). To en-
hance comparability between the analyses for dementia and MCI, 
we additionally performed a comparative analysis between de-
mentia and cancer in sample 2 by using a single assessment of 
prevalent dementia (n = 124). Persons with MCI (n = 513) were 
excluded for this analysis (Fig. 1b). 

Ascertainment of Incident Dementia
Participants were screened for dementia at baseline and 

subsequent center visits with the Mini-Mental State Examina-
tion and the Geriatric Mental Schedule organic level [14]. Those 
with a Mini-Mental State Examination score < 26 or Geriatric 
Mental Schedule score > 0 underwent further investigation 
and informant interview, including the Cambridge Examination 
for Mental Disorders of the Elderly. During each center visit, 
all  participants also underwent routine cognitive assessment, 
including a verbal fluency test [Word Fluency Test (WFT), ani-
mal categories], 15-word learning test, letter-digit substitution 
task (LDST), Stroop test, and Purdue pegboard task. In addition, 
the entire  cohort was continuously under surveillance for de-
mentia  through electronic linkage of the study database with 
medical records from general practitioners and the regional in-
stitute for outpatient mental health care. Available information 
on clinical neuroimaging was used when required for diagnosis 
of dementia subtype. A consensus panel led by a consultant 
neurologist established the final diagnosis according to stan-
dard criteria for dementia (DSM-III-R, Diagnostic and Statistical 
Manual of Mental Disorders, Third Edition, Revised), AD 
(NINCDS-ADRDA, National Institute of Neurological and 
Communicative Disorders and Stroke and the Alzheimer’s Dis-
ease and Related Disorders Association), and vascular dementia 
(NINDS-AIREN, National Institute of Neurological Disorders 
and Stroke and the Association Internationale pour la Recherché 
et l’Enseignement en Neurosciences). Follow-up until January 1, 
2013 was virtually complete (92.4% of potential person-years).

Assessment of MCI
Extensive cognitive testing for MCI assessment was imple-

mented in the Rotterdam Study between 2002 and 2005, which 
encompasses the fourth examination round of RS-I, the second 
examination round of RS-II and the first examination round of 
RS-III. MCI was defined as the presence of self-perceived cogni-
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tive complaints (defined as at least one of 6 questions on memo-
ry and daily functioning) and cognitive impairment as assessed 
with neuropsychological tests in the absence of dementia, in per-
sons aged ≥60 years [15]. The neuropsychological tests measured 
memory function (15-word learning test immediate and de-
layed), information-processing speed (LDST, Stroop first and 
second subtask), and executive functioning (LDST, Stroop third 
subtask, and WFT). 

MCI was classified as amnestic (impaired scores on memory 
function irrespective of other domains) and non-amnestic MCI 
(normal memory function but impaired score on information-
processing speed or executive function). 

Assessment of Incident Cancer
The primary outcome of interest was the incidence of cancer. 

Two research physicians independently assessed the diagnosis of 
cancer based on medical records obtained through general practitio-
ners and hospital discharge letters. Additional information was col-
lected through linkage with the Dutch Hospital Data, National Can-

cer Registry, and Dutch pathology database (PALGA). Only cases 
confirmed by pathology were used. Cancer was classified according 
to the International Classification of Diseases tenth edition. In case 
of discrepancy, consensus was sought through consultation with a 
cancer epidemiologist. Follow-up of cancer registration was com-
pleted up to January 1, 2013. Non-melanoma skin cancers (NMSC) 
were not included in the definition of cancer for the analysis.

Other Assessments
Baseline was study entry for sample 1 and time of MCI assess-

ment for sample 2. Education level (primary: primary education, 
lower: lower general education, intermediate general education, 
or lower vocational education, intermediate: intermediate voca-
tional education or higher general education, or higher: higher 
vocational education or university), smoking status (current, for-
mer, never), alcohol use (yes, no), and psycholeptic drug use (yes, 
no) were assessed at baseline by interview. Body mass index 
(BMI; kg/m2) was computed from measurements of height and 
weight. 

Rotterdam Study participants at
study entry (n = 14,926)

Excluded (n = 1,719)
• Prevalent dementia (n = 527)
• Not sufficiently screened for
 dementia (n = 743)
• Prevalent cancer (n = 449)

Participants for analysis of risk of
cancer in dementia (n = 13,207)

Sample 1

Rotterdam Study participants at
time of MCI assessment (n = 9,065)

Participants for analysis of
risk of cancer in MCI
(n = 5,181)

Excluded (n = 124)
• Prevalent dementia (n = 124)

Excluded (n = 513)
• MCI (n = 513)

Participants with information about MCI and prevalent dementia,
without cancer (n = 5,305)

Excluded (n = 3,760)
• Not sufficiently screened for
 dementia (n = 283)
• Not sufficiently screened for
 MCI (n = 326)
• Aged below 60 years (n = 2,599)
• Prevalent cancer (n = 214)
• Incident cancer before MCI
 (n = 338)

Participants for analysis of
risk of cancer in prevalent
dementia (n = 4,792)

Sample 2

a b

Fig. 1. a, b Flowchart of participants in samples 1 and 2. The as-
sociation between incident dementia and cancer was studied in 
sample 1. For sample 1, all participants of the Rotterdam Study 
were included at study entry, that is, the first rounds of the first 
(RS-I), second (RS-II), and third cohort (RS-III). In total, sample 
1 consisted of 13,207 participants. Sample 2 originated from the 
fourth follow-up round of RS-I, the second round of RS-II, and the 

first round of RS-III. In this sample, the association between MCI 
and cancer was investigated after excluding participants with prev-
alent dementia, since the absence of dementia is part of the defini-
tion of MCI. In addition, a comparative analysis was performed in 
sample 2 investigating the risk of cancer in patients with prevalent 
dementia. For this comparative analysis, persons with MCI were 
excluded. MCI, mild cognitive impairment.
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Statistical Analysis 
Cox proportional hazard models were used to study the as-

sociation between incident dementia and cancer in sample 1. De-
mentia was used as time-varying variable. In sample 2, we used 
Cox proportional hazard models investigating the relation be-
tween MCI and cancer. All analyses were adjusted for age (con-
tinuous), sex, BMI (continuous), education level, smoking status, 
alcohol use, and psycholeptic drug use. Ethnicity was not used as 
a confounder since nearly all participants (98%) were of Euro-
pean descent. Follow-up time started from inclusion in the Rot-
terdam Study until the date of incident cancer, death, loss to fol-
low-up, or January 1, 2013, whichever came first. Censoring un-
exposed participants at date of death allowed us to compute 
cause-specific hazard ratios (HRs), taking into account compet-
ing risk of death. To minimize the potential impact of preexisting 
subclinical malignancy on cognition (i.e., reverse causation), we 
repeated analyses after excluding the first 2 and 5 years of follow-
up. This was performed in sample 1 by excluding the first 2 and 
5 years following study entry for persons free of dementia, and 
the first 2 and 5 years after dementia diagnosis for dementia pa-
tients [16, 17]. In sample 2, the first 2 and 5 years after baseline 
were excluded for both persons with and without MCI. Addition-
ally, we explored effect modification by stratifying for age, sex, 
and smoking status. In sensitivity analyses, we repeated the anal-
yses using age instead of follow-up time as time scale. The pro-
portional hazards assumption was checked by visual inspection 
of the Schoenfeld residuals.

To enhance comparability between the dementia and MCI 
analyses, we performed a Cox proportional hazard analysis in sam-
ple 2 to study the risk of cancer in patients with prevalent demen-
tia. In this sample, we additionally censored follow-up time at date 
of NMSC, stroke, or dementia diagnosis, limiting the effect of pos-
sible over- or underdiagnoses of cancer after these conditions. 

Finally, direct comparison of the risk of cancer between de-
mentia and MCI was performed by testing whether the HRs of 
cancer for dementia in sample 1 and 2 differed from the HR of 
cancer for MCI in sample 2 using a t test. 

Missing covariates were imputed using the mean of 5 imputa-
tions based on the investigated covariates and outcome. All analy-
ses were performed using IBM SPSS Statistics version 21.0 and the 
survival package in RStudio version 1.0.44.

Results

Table 1 shows the characteristics of the study popula-
tion. Persons who developed dementia during follow-up 
were at baseline older, were more often women, had a 
lower BMI, a primary or lower education level, and less 
often an intermediate or higher education level compared 
to those not diagnosed with dementia during follow-up. 
Additionally, persons who developed dementia were less 
frequently smokers and alcohol users, and used less often 
psycholeptic drugs. Participants with MCI were older, 
were more often men, had a lower education level, were 
less often alcohol users, and used less frequent psycholep-
tic drugs than participants without MCI.

Dementia and the Risk of Cancer
In sample 1, 1,404 (10.6%) participants were diag-

nosed with dementia and 2,316 (17.5%) individuals de-
veloped cancer, of whom 63 (4.5%) developed cancer 

Table 1. Characteristics of study population for dementia and MCI

Characteristic Sample 1 Sample 2

no dementia
(n = 11,803)

dementia
(n = 1,404)

no MCI
(n = 4,668)

MCI
(n = 513)

Age, years 61.8 (12.6) 73.2 (11.9) 69.5 (11.7) 72.0 (12.8)
Gender, females, n (%) 6,676 (56.6) 996 (70.9) 2,732 (58.5) 265 (51.7)
BMI, kg/m2 26.9 (4.0) 26.5 (3.6) 27.7 (4.1) 27.8 (4.0)
Education level, n (%)

Primary 1,869 (15.8) 430 (30.6) 488 (10.5) 97 (18.9)
Low 4,743 (40.2) 603 (42.9) 2,087 (44.7) 214 (41.7)
Intermediate 3,318 (28.1) 289 (20.6) 1,392 (29.8) 143 (27.9)
High 1,873 (15.9) 82 (5.8) 701 (15.0) 59 (11.5)

Smoking status, n (%)
Current 2,719 (23.0) 233 (16.6) 609 (13.0) 77 (15.0)
Former 5,395 (45.7) 556 (39.6) 2,644 (56.6) 293 (57.1)

No alcohol use 1,823 (15.4) 304 (21.7) 628 (13.5) 98 (19.1)
No psycholeptic drug use 10,410 (88.2) 1,142 (81.3) 4,065 (87.1) 416 (81.1)

Data are presented as n (%) after imputation.
Age value is median (IQR), BMI value is mean (SD).
MCI, mild cognitive impairment; n, number of persons; IQR, interquartile range; BMI, body mass index.
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after a diagnosis of dementia. Those who developed 
dementia had a median follow-up time of 13.2 years 
(interquartile range [IQR] 10.2 years), whereas the me-
dian follow-up time for persons who were not diag-
nosed with dementia was 8.4 years (IQR 7.7 years). The 
most frequently observed cancer sites were colorectal 
(15.7%), prostate (15.5%), breast (13.9%), and lung 
(11.9%). 

Dementia was associated with a decreased risk of can-
cer (HR 0.53; 95% CI 0.41–0.68; Fig. 2). The risks esti-
mates were similar for AD and vascular dementia. The 
risk was still reduced after excluding the first 2 and 5 years 
of follow-up time (HR 0.44; 95% CI 0.30–0.65 and HR 
0.48; 95% CI 0.26–0.90, respectively). Dementia-related 
cancer risks did not significantly differ by age, sex, and 
smoking.

Reduced risks were observed when using age as time 
scale in the Cox model; for instance, the HR for cancer 
among dementia patients was 0.61 (95% CI 0.47–0.78). 

MCI and the Risk of Cancer
In sample 2, 513 (9.9%) participants had MCI 

and  670 (12.9%) individuals developed cancer, of 
whom 81 (12.0%) had MCI. The median follow-up time 
for persons with MCI was 7.6 years (IQR 4.2 years), 
and 7.9 years (IQR 3.7 years) for those without MCI. A 

similar distribution of cancer sites was observed as in 
sample 1. 

Individuals with MCI had a borderline with a statisti-
cally and significantly increased risk of cancer (HR 1.25; 
95% CI 0.99–1.58; Fig. 3). This increased risk was par-
ticularly pronounced for amnestic MCI (HR 1.42; 95% CI 
1.02–1.98). This risk increase was consistent when ex-
cluding the first 2 and 5 years of follow-up time (HR 1.25; 
95% CI 0.95–1.66 and HR 1.73; 95% CI 1.19–2.51, respec-
tively). Risk estimates for younger participants tended to 
be stronger compared to those of older individuals, but a 
formal interaction term did not reach statistical signifi-
cance (p = 0.09). Results were comparable when using age 
as timescale.

The risk of cancer in patients with prevalent demen-
tia in sample 2 was comparable to the cancer risk af-
ter  incident dementia in sample 1 (HR 0.47; 95% CI 
0.21–1.06; Table 2). Risk estimates did not change ma-
terially after censoring for NMSC, stroke, or dementia 
(Table 2).

The abovementioned HR of cancer for MCI (1.25) was 
significantly different from the HR of cancer for dementia 
in sample 1 (0.53) and sample 2 (0.48), that is, persons 
with MCI had a significantly higher HR for cancer com-
pared to persons with dementia (p = 0.001 and p = 0.02, 
respectively).

Number of persons

No dementia
Dementia

Alzheimer disease
Vascular dementia

After exclusion of 2 years of follow-up
After exclusion of 5 years of follow-up

Age <65 years
Age ≥65–70 years
Age ≥70 years

Female
Male

Non-smoker
Current smoker
Former smoker

11,803
1,404
1,097
125

946
379

237
262
905

996
408

615
233
556

2,253
63
51
5

27
10

4
14
45

36
27

24
15
25

1.00
0.53 (0.41–0.68)
0.52 (0.39–0.69)
0.57 (0.24–1.37)

0.44 (0.30–0.65)
0.48 (0.26–0.90)

0.22 (0.08–0.58)
0.74 (0.43–1.28)
0.68 (0.50–0.92)

0.52 (0.37–0.74)
0.57 (0.38–0.83)

0.52 (0.34–0.80)
0.58 (0.34–1.00)
0.52 (0.35–0.78)

Number of events HR (95% CI)

3.02.52.01.51.00.50
HR

Fig. 2. Forest plot dementia and risk of cancer. HRs with 95% 
CIs for the risk of cancer among patients with dementia. HRs 
are adjusted for age, sex, body mass index, education level, 

smoking status, alcohol use, and psycholeptic drug use. Char-
acteristics are measured at time of study entry. HRs, hazard 
ratios.
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Discussion

In this population-based cohort study, we found op-
posite effects of MCI and dementia with respect to subse-
quent risk of cancer. While we confirmed that persons 
with dementia had a decreased risk of cancer, those with 
MCI did not have a decreased risk and even tended to 
have an increased risk of cancer. 

Strengths of our study are its prospective, population-
based design, the number of cancer diagnoses, and the 
standardized ascertainment of the determinants and out-
come. Moreover, by focusing on MCI we were able to re-
duce the effect of a possible surveillance bias and the de-
creased life expectancy in dementia patients. In addition, 
we excluded the first 2 and 5 years of follow-up time in 
order to limit reverse causality.

Number of persons

No MCI
MCI

Amnestic MCI
Non-amnestic MCI

After exclusion of 2 years of follow-up
After exclusion of 5 years of follow-up

Age <65 years
Age ≥65–70 years
Age ≥70 years

Female
Male

Non-smoker
Current smoker
Former smoker

4,668
513
198
315

471
363

111
105
297

265
248

143
77
293

1,135
81
37
44

57
33

21
17
43

35
46

18
17
46

1.00
1.25 (0.99–1.58)
1.42 (1.02–1.98)
1.11 (0.81–1.50)

1.25 (0.95–1.66)
1.73 (1.19–2.51)

2.10 (1.31–3.38)
1.23 (0.74–2.04)
1.04 (0.75–1.43)

1.40 (0.98–2.00)
1.16 (0.85–1.58)

1.27 (0.77–2.09)
1.65 (0.98–2.80)
1.15 (0.85–1.57)

Number of events HR (95% CI)

3.02.52.01.51.00.50
HR

Fig. 3. Forest plot MCI and risk of cancer. HRs with 95% CIs for 
the risk of cancer among patients with MCI. HRs are adjusted for 
age, sex, body mass index, education level, smoking status, alcohol 

use, and psycholeptic drug use. Characteristics are measured at the 
time of MCI assessment. MCI, mild cognitive impairment; HRs, 
hazard ratios.

Table 2. Risk of cancer in persons with MCI or prevalent dementia at the time of MCI assessment

Number of 
persons

Solid and hematological cancer Solid cancer

number of 
events

HR (95% CI) number of 
events

HR (95% CI)

No MCI 4,668 589 1.00 540 1.00
MCI 513 81 1.25 (0.99–1.58) 76 1.29 (1.02–1.65)

Censored for NMSC 483 74 1.28 (1.00–1.63) 69 1.30 (1.01–1.68)
Censored for stroke 454 73 1.36 (1.07–1.74) 69 1.42 (1.10–1.83)
Censored for dementia 513 73 1.22 (0.95–1.56) 68 1.24 (0.96–1.60)
Censored for stroke and dementia 454 65 1.32 (1.01–1.71) 61 1.36 (1.04–1.77)

No prevalent dementia 4,668 589 1.00 540 1.00
Prevalent dementia 124 6 0.47 (0.21–1.06) 5 0.43 (0.18–1.05)

Censored for NMSC 121 6 0.49 (0.22–1.09) 5 0.45 (0.18–1.09)
Censored for stroke 104 6 0.60 (0.27–1.35) 5 0.56 (0.23–1.35)

HRs are adjusted for age, sex, BMI, education level, smoking status, alcohol use, and psycholeptic drug use.
HR, hazard ratio; MCI, mild cognitive impairment; NMSC, non-melanoma skin cancer; BMI, body mass index.
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Our study has some limitations. First, the cognitive 
tests for assessing MCI were implemented in 2002–2005, 
precluding MCI assessment at baseline for RS-I and RS-II. 
To increase the comparability between the samples used 
for analyses of dementia and MCI, we investigated the 
risk of cancer in patients with prevalent dementia in the 
same sample as the MCI-analysis and we found similar 
results to the overall population. Second, we did not have 
baseline information about potential confounders such as 
depressive and anxiety disorders, which could have re-
sulted in an overestimation of the observed associations 
between dementia and cancer, and MCI and cancer. 
Third, the Rotterdam Study includes mostly white, mid-
dle class persons, possibly limiting the generalizability of 
our findings to other ethnic and socioeconomic groups. 
Finally, patients with AD represented the largest group of 
people with dementia. Therefore, we were not able to re-
liably study the association with cancer for other demen-
tia types.

We found that dementia is associated with a de-
creased risk of cancer, which is in line with findings 
from previous studies for various cancer types including 
breast, prostate, colon, and NMSC [1–8, 18]. Various 
biological mechanisms have been proposed, and the 
most frequently postulated mechanisms are to do with a 
genetic predisposition for either promoting or suppress-
ing metabolic survival or apoptotic cellular pathways 
[10]. For instance, the tumor suppressor protein p53 in-
duces apoptosis in the face of DNA damage, which pro-
tects against cancer, while in dementia, it could induce 
neuronal death [19]. Methodological explanations – like 
surveillance and survival bias – could also have account-
ed for the observed inverse relation, but these have not 
been sufficiently ruled out. As MCI is often considered 
an early manifestation of the same pathological process-
es as dementia and AD, we investigated the risk of can-
cer among persons with MCI. We argued that if the in-
verse link between dementia and cancer is rooted in bi-
ology, this decreased risk would be reflected in persons 
with MCI as well. One previous study looked into the 
history of cancer among persons with and without MCI 
and showed that 31% of the persons with MCI were pre-
viously diagnosed with cancer [8]. However, no longitu-
dinal analysis was performed in this group of persons 
and the risk of cancer after MCI or dementia diagnosis 
was not investigated. 

In contrast to the decreased risk of cancer observed in 
our patients with dementia, we found that MCI was as-
sociated with an increased risk of cancer, which was bor-
derline significant. Importantly, the difference between 

the risk of cancer after dementia and MCI was statisti-
cally significant. Before interpreting our results further, 
a word of caution is warranted. A basic premise of our 
study is that MCI and dementia share the same patho-
logical underpinnings [11]. We do emphasize though 
that only half of MCI patients convert to dementia over 
a 5-year period with the other half remaining stable or 
even reverting back to normal, suggesting that the under-
lying pathology between MCI and dementia does not en-
tirely overlap [11, 12]. Nevertheless, 2 observations in 
our study support our basic premise in interpreting our 
findings. First, we found stronger effects for amnestic 
MCI than non-amnestic MCI. Indeed, amnestic MCI is 
more closely linked to AD pathology than non-amnestic 
MCI [15]. Second, censoring for dementia did not mate-
rially change the risk of cancer after MCI – if anything, 
the risk slightly attenuated. This suggests that those 
persons with MCI that went on to develop dementia 
(i.e., those that were censored) actually had an even high-
er risk of cancer than those with MCI who did not de-
velop dementia. 

The inverse link between dementia and cancer is of-
ten linked to genes involved in pathways with opposite 
effects in dementia and cancer. Our findings, however, 
point toward biological mechanisms with similar effects 
in both diseases. Several processes including angiogen-
esis, inflammation, and oxidative stress have proven to 
be important for tumorigenesis and there is increasing 
evidence that these processes also have a prominent role 
in the pathophysiology of AD [20, 21]. For instance, dif-
ferent inflammatory biomarkers are elevated in both 
MCI and dementia, suggesting a chronic inflammatory 
state [22]. Inflammatory cells can promote tumor cell 
growth, facilitate genomic instability, and influence tu-
mor cell migration, and many chronic inflammatory 
conditions are associated with cancer [23]. Further, tu-
mor cells can produce various cytokines and chemo-
kines, such as tumor necrosis factor-alpha, interleukins, 
and interferons, to attract leukocytes and enhance in-
flammation. This shows that dementia and cancer could 
be parallel processes as a result of inflammation. Fur-
thermore, several proteins are involved in the pathogen-
esis of both dementia and cancer. For instance, AD is 
characterized by the accumulation of plaques contain-
ing amyloid beta (Aβ) peptide within the brain. It has 
been shown that plasma levels of Aβ-40 and Aβ-42 are 
increased in cancer patients [24]. Moreover, Aβ precur-
sor protein can promote cell proliferation and is in-
creased in different types of cancer, suggesting a poten-
tial role for Aβ in cancer [25]. Finally, there has been 
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increasing evidence that patients with cancer have lower 
cognitive performance and differences in brain struc-
ture prior to cancer treatment compared to persons 
without cancer, indicating continuity with dementia 
rather than an inverse association [26, 27]. Investigation 
of the risk of MCI in cancer patients would therefore be 
very interesting, although appropriate methods should 
be used to deal with same potential biases as in the cur-
rent study.

Conclusion

In conclusion, this is the first study to show that per-
sons with MCI do not have a decreased risk of cancer as 
observed in patients with dementia, and even tended to 
have an increased risk. This suggests that the previously 
reported inverse link between dementia and cancer is 
based on methodological limitations. Future studies 
should further verify our observations and seek to eluci-

date the underlying shared – instead of opposite – mech-
anisms between dementia and cancer. Clinically, our 
findings imply that for persons presenting with dementia, 
treating physicians should be aware of their increased risk 
of cancer.
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