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Abstract

Background: Previous studies found that cancer survivors had a reduced risk of dementia compared with the gen-
eral population. However, these findings were uncertain because of survivor bias and a lack of stratification by cancer
types. This current cohort study used data from the UK Biobank to explore these associations.

Methods: Multivariable Cox regression analyses were used to examine the association of cancer status and the risk
of dementia with its subtypes after adjusting for age and sex. Hazard ratios (HRs) with 95% confidence intervals (Cls)
were calculated as a measure of relative risk by comparing observed dementia incidence among cancer patients.

Results: We included 263,151 participants in the observational analysis. During a median follow-up of 9.18 years,
dementia was diagnosed in 472 individuals with cancer and 3685 individuals without cancer, respectively. Cancer
patients had lower risks of dementia (hazard ratio: 0.89, confidence interval: 0.81-0.98) and its subtypes (Alzheimer's
disease [AD]: 0.85 [0.74-0.98]; vascular dementia [VD]: 0.81 [0.66—0.99]) in the Cox regression adjusted for age and sex.
Individuals with cancers in the male genital system had substantially reduced risks of dementia (0.66 [0.46-0.93]) and
AD (0.53 [0.29-0.97]) than those with cancers in other systems. Moreover, non-melanoma skin cancer and prostate
cancer were associated with a reduced risk of dementia (0.79 [0.62—0.99]; 0.69 [0.49-0.97]), but not with AD or VD
(P>0.05).

Conclusions: The current study supported a negative association between cancer and dementia risk, and encour-
ages further exploration of the mechanistic basis of this inverse relationship to improve understanding.
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Background

With the aging population trend, dementia and can-
cer which were common in the elderly population have
become major public health problems, placing a substan-
tial burden on patients, their families, and the national
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healthcare systems [1, 2]. The incidence and prevalence
of age-related diseases including cancer and dementia
are rapidly increasing in recent years. Cancer is a major
public health concern worldwide and the second leading
cause of death in the USA [3]. In both sexes combined,
lung cancer is the most commonly diagnosed cancer,
closely followed by female breast cancer, prostate can-
cer, colorectal cancer, and it is also the leading cause
of cancer death, followed by colorectal cancer, stom-
ach cancer, and liver cancer [4]. Improvements in early
diagnosis and treatment have ensured longer survival of
cancer patients, which in turn increase the incidences of
the long-term side effects such as dementia. Dementia is
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characterized by a constant decline and deterioration of
mental capacity, which inevitably impairs quality of life
[5]. Generally, dementia refers to all-cause of dementia
(ACD), of which Alzheimer’s disease (AD) and vascular
dementia (VD) are its 2 main subtypes. Dementia pre-
vention is of the high priority given the limited therapeu-
tic value of drugs currently used to treat dementia [6].

Several epidemiological studies have shown reduc-
tions in risk for dementia and AD subsequent to a cancer
diagnosis [7—12]. A possible explanation for the inverse
relationship was that dementia and cancer had opposing
pathological processes, i.e., uncontrolled cell proliferation
in malignancy and neuronal cell death in dementia and
AD [13-16]. An alternative explanation for this negative
association is that these studies failed to take into con-
sideration the competing risk of death in cancer patients,
whose mortality rates were higher compared to individu-
als without cancer [17]. A recent cohort study supported
this protective effect of cancer on subsequent demen-
tia diagnosis (hazard ratio [HR]: 0.58, 95% confidence
interval [CI]: 0.35-0.97) and AD diagnosis (HR: 0.45,
95%CI: [0.24—0.85]) [18]. The investigators explored the
relationship between incident cancer and dementia by
using illness-death models to account for survivor bias.
But they cannot investigate differential effects on demen-
tia risk according to cancer type because of the limited
cases [18]. Furthermore, other studies reported similar
findings but also had parallel limitations [7, 8, 10, 12, 19,
20]. These limitations included relatively short follow-up
periods [7, 8, 19], small sample sizes [7, 11, 18], or a lack
of information about relevant comorbidities [10, 19].

In this national cohort study, we comprehensively
explored the risk for ACD, AD, and VD among patients
with a cancer diagnosis compared to risk within the UK
white adult population. Then we further assessed the
organ specificity of the associations by mapping each
cancer with the risk of dementia. And we also assessed
the effect of potentially confounding factors on dementia
risk among cancer patients.

Methods

This prospective cohort study was based on data from the
UK Biobank study [21] that received approval from the
National Information Governance Board for Health and
Social Care and the National Health Service North West
Multicenter Research Ethics Committee. All participants
provided informed consent through electronic signature
at baseline assessment.

Study population

The UK Biobank was a population-based cohort of more
than 500,000 participants who attended 1 of 22 assess-
ment centers across the United Kingdom (UK) between
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2006 and 2010 [21]. The International Statistical Clas-
sification of Diseases (ICD) coding system was used to
record disease diagnoses. Among 502,486 participants
with available data in the cancer register, non-malignant
neoplasms were not included in the definition of can-
cer, and non-white people were excluded. Then, indi-
viduals younger than 50 years old at baseline and those
younger than 40 years old at the time of cancer diagnosis
were excluded, and individuals with prevalent demen-
tia at baseline were also excluded. Furthermore, among
the remaining 319,923 eligible participants, individuals
without definite dementia information diagnosis, those
with cancer diagnosed after enrollment, and those with
a cancer diagnosis within one year before the dementia
diagnosis were excluded. The diagnosis date was the date
when the ICD-10 code was first recorded in participants’
inpatient records. After applying the exclusion criteria,
263,151 participants were included in the analysis.

Ascertainment of cancer cases

We identified malignant tumors and compared dementia
risk between individuals with and without a cancer his-
tory. In this study, cancer was ascertained via linkage to
cancer registry and death certificate data. National can-
cer registries centralize information received from sepa-
rate regional cancer centers around the UK. For analyses
of individual cancer types and systems, we focused on the
18 specific cancers and 6 major systems with at least 100
affected individuals and at least 10 dementia cases among
the affected individuals. Then we focused on the 5 cancer
types with at least 1000 affected individuals as common
cancers. Cancer cases within UK Biobank were identified
by ICD-10 codes through linkage to the national cancer
registry (C01-C97, D00-D48). To avoid potential survivor
bias associated with incident cancer cases, this study was
restricted to prevalent cancer cases.

Ascertainment of dementia cases

Clinical outcomes including ACD, AD, and VD diagno-
ses were available over a follow-up period extending up
to 2021. Dementia was ascertained using hospital in-
patient records containing data on admissions and diag-
noses obtained from the Hospital Episode Statistics for
England, Scottish Morbidity Record data for Scotland,
and the Patient Episode Database for Wales. Additional
cases were detected through linkage to death register
data provided by the National Health Service Digital for
England and Wales and the Information Services Divi-
sion for Scotland. Diagnoses were recorded using the
ICD-10 coding system. For the current analyses, the algo-
rithmically defined ACD outcomes (Fields 42,018 and
42,019), AD outcomes (Fields 42,020 and 42,021), and
VD outcomes (Fields 42,022 and 42,023) were used [22].
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Participants with dementia were identified as having a
primary/secondary diagnosis (hospital records) or under-
lying/contributory cause of death (death register) using
ICD-9 and ICD-10 codes for AD and other dementia
classifications [23]. A recent study suggested that demen-
tia diagnoses can be reliably identified from primary care,
hospital admissions, and mortality data with a positive
predictive value (PPV) of 82.5% for ACD combining all
data sources. PPVs for all datasets combined were 71.4%
and 43.8% for AD and VD, respectively [24].

Assessment of covariates

We considered potential confounders to be any vari-
able suspected to be linked to dementia incidence. All
main models were adjusted for age at recruitment (Field
21,022) and sex (Field 31). For the extended model, we
considered the following additional variables: education,
categorized as higher (college/university degree or other
professional qualification) or lower (Field 6138); socio-
economic status, categorized as quintiles 1, 2 to 4, and
5 (Field 189: Townsend deprivation index [combining
information on social class, employment, car availability
and housing]); apolipoprotein E (ApoE) €4 carrier status
(carrier/non-carrier status as defined by genetic informa-
tion); body mass index (BMI, Field 21,001); smoking sta-
tus (Field 20,116); alcohol consumption (Field 100,580);
history of diabetes (Filed 130,706—130,714); history of
hypertension (Field 131,286); obesity (Field 130,792); his-
tory of heart failure (Field 131,354); and history of stroke
(Field 131,368).

In addition, we adjusted for cognitive function as an
additional confounder, as medical treatments for the can-
cer were found to cause a decline in the memory [25]. In
the current study, we focused on the two tests available to
the greatest number of participants (pairing and reaction
time) to reflect cognitive function. Pair matching (PM,
Field 399) and reaction time (RT, Field 20,023) measure
visual memory and reaction ability, respectively, with
higher scores reflecting worse cognitive function (con-
tinuous scores).

Statistical analysis
All participants were followed up from the date of
recruitment until that of dementia diagnosis, death, loss
to follow-up, or the end of the study period (November 6,
2021), whichever occurred first. Individuals with preva-
lent cancer reported at baseline enrollment were classi-
fied as the exposure group. Baseline characteristics of the
analytic sample were summarized across cancer status
as a percentage for categorical variables and mean and
standard deviation (SD) for continuous variables.
Multivariable Cox regression analyses were used to
examine the associations of cancer status with incident
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ACD, AD, and VD. Hazard ratios (HRs) with 95% con-
fidence intervals (CIs) were calculated as a measure of
relative risk by comparing the observed dementia inci-
dence among cancer patients with that of non-cancer
participants. Two multivariable models were adjusted for
different variables. Model 1 adjusted for age and sex. To
examine whether the association of dementia with can-
cer was attributable to lifestyle factors and other health-
related factors, model 2 was additionally adjusted for
education, socioeconomic status, ApoE4, BMI, smoking
status, alcohol consumption, obesity, hypertension, dia-
betes, heart failure, and stroke.

We conducted several sensitivity analyses. To explore
the effect of cognitive function on the incidence of
dementia in participants, we additionally adjusted for
cognitive function (PM and RT). To determine the poten-
tial differential effect of cancer on dementia type, three
definitions of the outcome were compared: (1) all-cause
dementia; (2) AD dementia; and (3) vascular demen-
tia. The cumulative incidence curve for each cohort was
measured using the Kaplan—Meier method, and the
curve difference was calculated using the log-rank test.
Since cancer is a significant risk factor for death, it was
necessary to test the possible influence of competing
events on the association between cancer and the risk of
dementia by applying Fine and Gray’s sub-distribution
hazards regression model [26]. The competing event was
defined as death. We also performed subgroup analyses
stratified by baseline characteristics of the participants.
In addition, we conducted separate subgroup analyses
according to whether participants had non-melanoma
skin cancer [NMSC] or other cancers except NMSC,
whether the cancer is related to smoking-related cancers
(oral, pharynx, larynx, esophagus, stomach, pancreas,
bronchus or lung, cervix uteri, bladder, and kidney) [27],
or not, and whether participants had a cancer in 18 spe-
cific organs or a cancer in 6 major systems. P values were
2-sided with statistical significance set at less than 0.05.
All statistical analyses were performed using R statistical
software, version 4.1.1.

Results

Characteristics of the study population

At baseline, 502,486 participants were screened. After
applying the exclusion criteria, 263,151 participants were
included in our study (Fig. 1). The mean age at recruit-
ment was 60.27 (SD: 5.40) years, and 142,824 participants
(54.27%) were female. The median follow-up was 9.28
(interquartile range [IQR]: 5.55-13.01) years for cancer
patients and 9.17 (IQR: 5.65-12.69) years for non-cancer
patients. Baseline characteristics of participants were
shown in Table 1.
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502,486 participants with available data in
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182,563 excluded
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Fig. 1 Flowchart for the selection of the analyzed study sample from the UK Biobank study. Abbreviations: ACD, all-cause dementia; AD, Alzheimer’s
disease; VD, vascular dementia; ApoE4, apolipoprotein E €4; BMI, body mass index; NMSC, non-melanoma skin cancer

Model 1 was adjusted for age and sex and model 2 was
additionally adjusted for education, socioeconomic sta-
tus, ApoE4, BMI, smoking status, alcohol consumption,
obesity, hypertension, diabetes, heart failure, and stroke.
After adjustment for demographic characteristics (age,
sex, education, socioeconomic status), BMI, smoking
status, and alcohol consumption were included in model
2, taking into account the established effects on cancer-
related mortality [18]. In addition, ApoE4 and some
comorbidities (obesity, hypertension, diabetes, heart
failure, and stroke) were also included in model 2 as risk
factors for dementia [8, 28]. The subgroup analyses and
sensitivity analyses in the article were based on Model 2.

Risk of dementia after cancer
We included 26,095 participants with a history of can-
cer at baseline, among whom 472 participants developed

ACD, 208 developed AD, and 103 developed VD during
the follow-up (Table 1). We investigated the association
of cancer with dementia and its subtypes risks by using
Cox regression models (Fig. 2). In model 1, the risk of
dementia and its subtypes among patients with a cancer
history were lower compared to those without a cancer
history. Compared with non-cancer patients, HRs (95%
CI) for risks of ACD, AD, and VD among patients with
cancer were 0.89 (0.81-0.98), 0.85 (0.74—0.98), and 0.81
(0.66—0.99), respectively. In Cox model 2, the inverse
association of cancer with ACD (0.87 [0.76—0.98]) and
VD (0.74 [0.55-0.98]) risk were still significant (Fig. 2).
After additional adjustments for cognitive function, can-
cer was only associated with a reduced risk of ACD (0.86
[0.76—-0.98]), but not AD or VD (P>0.05) (Supplementary
Table 1).
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Table 1 Study characteristics of analytical sample stratified by cancer status

Characteristics

Participants with cancer history (n=26,095)

Participants without
cancer history
(n=237,056)

Age at cancer diagnosis, mean (SD), years 62.14 (5.02) 60.07 (5.40)
BMI, mean (SD) 2747 (4.70) 27.68 (4.78)
Age at entry, n (%)
50-60 years 7201 (27.60) 102,718 (43.33)
>60 years 18,894 (72.40) 134,338 (56.67)
Sex (female, %) 15,348 (58.81) 127,476 (53.77)
ApoE4 carrier 7088 (27.16) 65,523 (27.64)
College, n (%)
Yes 11,101 (42.54) 103,445 (43.64)
No 8310 (31.85) 78,651 (33.18)
Unknown 6684 (25.61) 54,960 (23.18)
Smoking, n (%)
Never 13,111 (50.24) 124,033 (52.32)
Previous 10,678 (40.92) 89,766 (37.87)
Current 2182 (8.36) 22,317 (9.41)
Unknown 124 (0.48) 940 (0.40)
Alcohol, n (%)
Never 1069 (4.10) 8376 (3.53)
Previous 1026 (3.93) 8704 (3.67)
Current 23,972 (91.86) 219,753 (92.70)
Unknown 28(0.11) 223 (0.09)
Co-morbidities, n (%)
Diabetes 3026 (11.60) 24,973 (10.53)
Hypertension 11,686 (44.78) 92,207 (38.90)
Stroke 1997 (7.65) 14,857 (6.27)
Obesity 2800 (10.73) 26,007 (10.97)
Heart failure 5922 (22.69) 44,007 (18.56)

Follow-up years, median (interquartile range)
Types of dementia

9.28 (5.55-13.01)

9.17 (5.65-12.69)

ACD, n (%) 472 (1.81) 3685 (1.55)
AD, n (%) 208 (0.80) 1670 (0.70)
VD, n (%) 103 (0.39) 862 (0.36)

Abbreviations: BMI body mass index, ACD all-cause dementia, AD Alzheimer’s disease, VD vascular dementia

To further investigate the effects of confounding fac-
tors on the association between cancer and the risk of
dementia, a series of subgroup analyses stratified by age,
sex, ApoE4 status, smoking status, alcohol consumption,
BMI [29], and follow-up period were conducted (Fig. 3).
These analyses were all adjusted for age, sex, education,
socioeconomic status, ApoE4, BMI, smoking status, alco-
hol consumption, obesity, hypertension, diabetes, heart
failure, and stroke. The inverse association between
cancer and ACD risk was more pronounced in indi-
viduals aged over 60 years old (0.87 [0.76—1.00]), males
(0.79 [0.66—-0.95]), those without smoking history (0.80
[0.66—0.97]), those with a BMI between 25 and 30 (0.74

[0.60-0.92]), or those with a follow-up of more than 10
years (0.68 [0.53—0.89]). A significant inverse association
was observed between cancer and AD risk in individuals
with ApoE4 non-carriers (0.68 [0.48-0.97]), individuals
without smoking history (0.69 [0.51-0.93]), or those with
a BMI between 25 and 30 (0.69 [0.50-0.95]). In addition,
the same pattern of associations was also pronounced
between cancer and VD risk in individuals aged over
60 years old(0.73 [0.54—0.98]), males (0.66 [0.45-0.97]),
ApoE4 non-carriers (0.56 [0.36—0.89]), those with smok-
ing history (0.59 [0.39-0.89]), those with alcohol history
(0.72 [0.54-0.98]), or those with a BMI over 30 (0.48
[0.24-0.94]).
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Models and dementia types HR (95%Cl) P Value

Model1

ACD o 0.89[0.81,0.98] 0.015

AD —o—1 0.85[0.74,0.98]  0.027

VD 1 1 0.81[0.66,0.99] 0.039

Model 2

ACD —eo— 0.87 [0.76,0.98] 0.028

AD F—eo—- 0.86 [0.72,1.04] 0.130

VD 0.74 [0.55,0.98] 0.037

Of5 0.|75 1 1.I25 1?5
HR

Fig. 2 Multi-state results: HRs and 95% Cls of cancer on the transition to dementia. Model 1 adjusted for age at study entry, and sex. Model 2 further
adjusted for education, BMI, ApoF4, smoking status, alcohol consumption, socioeconomic status, diabetes, hypertension, heart failure, obesity, and
stroke. Abbreviations: HR, hazard ratios; Cl, confidence interval; ACD, all-cause dementia; AD, Alzheimer's disease; VD, vascular dementia

In Kaplan-Meier analysis, the log-rank test showed a differ-  and non-cancer groups after controlling for competing risks
ence between the populations being studied in the probabil-  of death.
ity of ACD at any time point, lacking significant differences
in the probability of AD and VD (Supplementary Fig. 1). As  Risk of dementia in different cancer sites and systems
shown in Supplementary Fig. 2, the cumulative incidences  To further explore the correlation between cancer and
of dementia remained statistically different between cancer ~ dementia risk, we stratified cancer into subgroups of

ACD AD vD
Characteristics 1otal No- of HR* (95%Cl) P Value HR* (95%Cl) P Value HR* (95%Cl) P Value
,,,,,,,,,,,,, participants
Age
50-60 y 109919 —ot— 0.82[0.51,1.30] 0.397  —e——— 0.64[0.28,1.45] 0.282 > 0.81[0.25,2.61] 0.721
260y 153232 o 0.87[0.76,1.00] 0.042 et 0.88[0.73,1.07] 0.207 0.73[0.54,0.98] 0.039
Sex
Male 120327 o 0.79[0.66,0.95] 0.013 et 0.82[0.62,1.08] 0.157 0.66 (0.45,0.97) 0.036
Female 142824 o 0.95[0.80,1.14] 0.581 [N 0.90[0.70,1.17] 0.433 ' 0.88 (0.57,1.35) 0.546
ApoE4
Carrier 72611 [eeh 0.89[0.76,1.06] 0.196 ——i 0.97[0.78,1.22] 0.802 0.92 (0.63,1.33) 0.647
Non-carrier 181953 ] 0.84[0.70,1.02] 0.079 ——i| 0.68[0.48,0.97] 0.033 0.56 (0.36,0.89) 0.014
Smoking
Yes 124943 ot 0.92[0.78,1.09] 0.357 —— 1.03[0.81,1.32] 0.804 0.59 (0.39,0.89) 0.012
No 137144 o 0.80[0.66,0.97] 0.022 ot 0.69[0.51,0.93] 0.013 0.93(0.62,1.38) 0.713
Alcohol
Yes 253455 ro 0.88[0.78,1.01] 0.061 et 0.87[0.72,1.06] 0.164 4 0.72 (0.54,0.98) 0.035
No 9445 —e—t 0.581[0.31,1.08] 0.086  +—e—— 0.65[0.26,1.66] 0.370 > 0.97 (0.33,2.86) 0.958
BMI
18.5-25 79160 Ho—i 1.06 [0.87,1.30] 0.534 o—i 1.08[0.82,1.43] 0.586 | 1.05[0.67,1.64] 0.825
25-30 113745 (- 0.74[0.60,0.92] 0.005 i 0.69[0.50,0.95] 0.023 —— 0.69[0.44,1.11] 0.124
230 67812 et 0.83[0.63,1.10] 0.189 —e— 0.89[0.58,1.36] 0.587 0.48[0.24,0.94] 0.033
Follow-up period
0-5y 20463 i 0.78[0.58,1.05] 0.102 et 0.77[0.47,1.25] 0.288 0.66 (0.34,1.29) 0.226
5-10y 148452 o 0.95[0.80,1.12] 0.513 —4—i 0.97[0.76,1.24] 0.809 0.86 (0.59,1.25) 0.421
210y 94236 i 0.68 [0.53,0.89] 0.004 ot 0.85[0.58,1.24] 0.393 0.65 (0.35,1.22) 0.183
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Fig. 3 Risk Factors associated with dementia development using the robust inference for the Cox regression. *Calculated using Cox proportional
hazards modeling, adjusted for age, sex, education, Apo£4, socioeconomic status, BMI, smoking status, alcohol consumption, diabetes,
hypertension, heart failure, obesity, and stroke. Abbreviation: ACD, all-cause dementia; AD, Alzheimer’s disease; VD, vascular dementia; HR, hazard
ratios; Cl, confidence interval
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cancers in 6 different systems: lymphohematopoietic
system, digestive system, endocrine system, reproduc-
tive system (including male genital system and female
genital system), respiratory system, and urinary system.
We observed that in Cox model 2, only the reproductive
system cancer was associated with a lower risk of ACD
(0.75 [0.57-1.00]), but not with AD or VD risk (P>0.05).
However, cancer patients of the male genital system had
substantially reduced risks of ACD (0.66 [0.46—0.93]) and
AD (0.53 [0.29-0.97]) (Fig. 4).

In sensitivity analyses, no matter whether it is related
to smoking, any cancer (except NMSC) was associated
with risk of incident dementia (Supplementary Table 2).
Moreover, we assessed the associations of specific cancer
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sites with dementia risk. In Cox model 2, compared with
non-cancer patients, only NMSC and prostate cancer
(PC) patients were associated with a lower risk of ACD
(NMSC: 0.79 [0.62-0.99]; PC:0.69 [49-0.97]), but not
with AD and VD (Supplementary Table 2).

In addition, we stratified our results by age, smoking
status, alcohol consumption, ApoE4 status, and BMI to
explore the association between 5 common cancers and
dementia risk (Table 2, Supplementary Table 3). In indi-
viduals over 60 years old, NMSC and PC patients showed
a decreased ACD risk (NMSC: 0.78 [0.61-0.99]; PC: 0.70
[0.49-0.99]), but no observed differences in AD and VD
risk. In various subgroups stratified by smoking status,
colon cancer patients without a smoking history had

Characteristics  1°tal No. of HR (95%Cl) P Value
participants
LHS 1152 —o1— 0.82[0.46,1.44] 0.484
—o+— 0.8[0.33,1.93] 0.622
0.91[0.29,2.85] 0.876
DS 2188 o— 0.71[0.46,1.11] 0.134
o—H 0.51[0.23,1.13] 0.098
1.01[0.48,2.13] 0.98
ES 189 H——e&——> 238]0.77,7.39] 0.134
F——6> 3.09[0.77,12.40] 0.111
RPS 5034 o 0.75[0.57,1.00] 0.047
o4 0.7 [0.45,1.09] 0.114
o 0.54 [0.28,1.05] 0.07
FGS 2100 —— 1.03[0.64,1.67] 0.891
>—— 1.1[0.57,2.13] 0.771
0.66 [0.14,2.67] 0.562
MGS 2934 0.66 [0.46,0.93] 0.017
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Fig. 4 Association of system-specific cancers with dementia and its subtypes. *Calculated using Cox proportional hazards modeling, adjusted for
age, sex, education, ApoF4, socioeconomic status, BMI, smoking status, alcohol consumption, diabetes, hypertension, heart failure, obesity, and
stroke. — The number of people diagnosed with ACD, AD, or VD in the type of cancer patients is too small to calculate the HR value. Abbreviation:
ACD, all-cause dementia; AD, Alzheimer's disease; VD, vascular dementia; HR, hazard ratios; Cl, confidence interval; LHS, lymphohematopoietic
system; DS, digestive system; ES, endocrine system; RPS, reproductive system; MGS, male genital system; FGS, female genital system; RS, respiratory
system; US, urinary system
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Table 2 Association of specific cancer sites with dementia by age, smoking status, and alcohol status
Specific cancer sites®  Participants with ACD AD VD
cancer history (N)
HR®  95%Cl P-value HRP 95%Cl P-value HR® 95%Cl P-value
Age <60 years
Breast 2189 0.73 0.27-1.98 0.538 0.41 0.06-2.97 0378 343 0.78-15.03 0.103
Colon 254 - - - - - - - - -
Melanoma of skin 350 0.82 0.12-5.87 0.847 1.98 0.28-1220 0497
NMSC 1665 0.97 043-2.17 0.936 0.77 0.19-3.12 0.715 - - -
Prostate 334 0.67 0.09-4.77 0.686 - - - - - -
Age >60 years
Breast 4493 104 079-136 0.787 095  063-141 0.783 090  046-1.76 0.751
Colon 767 0.89 049-1.62 0.712 076 0.29-2.04 0.590 1.73 0.72-4.19 0223
Melanoma of skin 719 1.14 0.64-2.01 0.655 126 057-2.82 0.567 0.86 0.21-3.44 0.828
NMSC 5199 0.78 0.61-0.99 0.038 079  055-1.12 0.184 060  0.34-1.06 0.080
Prostate 2378 0.70  0.49-0.99 0.044 0.58 0.32-1.06 0.077 0.56 0.26-1.19 0.130
Smoking
Breast 2969 124 0.86-1.78 0.243 1.18 0.70-1.99 0.538 1.20 0.52-2.74 0.671
Colon 556 0.57 0.21-1.52 0.263 0.35 0.05-2.46 0.289 - - -
Melanoma of skin 440 151 0.75-3.02 0.248 1.80 0.67-4.81 0.244 0.72 0.10-5.13 0.741
NMSC 3267 0.67 0.48-0.95 0.025 074  045-1.23 0.245 0.34 0.13-0.93 0.035
Prostate 1461 073  047-1.14 0.164 065 031-138 0.263 087  041-1.85 0710
Non-smoking
Breast 3682 0.83 0.56-1.22 0.339 0.68 0.37-1.23 0.202 0.93 0.38-2.31 0.884
Colon 459 103 049-2.18 0.930 103 033-3.19 0.965 3.64 1.49-8.88 0.004
Melanoma of skin 627 0.78 0.32-1.87 0.572 1.02 0.33-3.16 0978 0.80 0.11-5.68 0.819
NMSC 3577 089  066-1.22 0481 080  050-1.29 0.365 080  0.39-162 0.527
Prostate 1233 0.63 0.36-1.09 0.096 043 0.16-1.17 0.097 - - -
Alcohol
Breast 6309 109  083-142 0.529 092 061-138 0.682 106 0.63-2.15 0.627
Colon 984 0.83 0.46-1.50 0.536 0.71 0.27-1.90 0.494 1.60 0.66-3.88 0.293
Melanoma of skin 1023 118 068-2.04 0.550 141 067-298 0361 082  020-328 0.776
NMSC 6618 0.81 0.64-1.02 0.070 079  056-1.12 0.189 0.51 0.27-0.95 0.034
Prostate 2639 0.70 0.50-1.00 0.051 0.59 0.32-1.07 0.082 0.58 0.27-1.22 0.149
Non-alcohol
Breast 362 0.29 0.07-1.18 0.084 0.62 0.14-2.67 0523 - - -
Colon 37 - - - - - - - - -
Melanoma of skin 46 - - - - - - - - -
NMSC 240 043 0.11-1.77 0.244 0.60 0.08-4.38 0.615 1.81 0.42-7.90 0429
Prostate 71 0.50 0.07-3.74 0.502 - - - - - -

Bold text indicates a p-value less than 0.05, which is statistically significant

— The number of people diagnosed with ACD, AD, or VD in the types of cancer is too small to calculate the HR

Abbreviations: ACD all-cause dementia, AD Alzheimer’s disease, VD vascular dementia, HR hazard ratios, C/ confidence interval, NMSC non-melanoma skin cancer

@ Common cancer and more than 1000 people with cancer

b Calculated using Cox proportional hazards modeling, adjusted for age, sex, education, ApoE4, socioeconomic status, BMI, smoking status, alcohol consumption,

diabetes, hypertension, heart failure, obesity, and stroke

an increased risk of VD (3.64 [1.49-8.88]), and NMSC
patients with a smoking history had decreased risks
of ACD (0.67 [0.48-0.95]) and VD (0.34 [0.13-0.93]).
NMSC was associated with VD risk (0.51 [0.27-0.95])
and PC was associated with ACD risk (0.70 [0.50—-1.00])

in the drinkers (Table 2). In addition, NMSC was asso-
ciated with VD risk (0.20 [0.05-0.79]) among patients
without ApoE4. Melanoma of skin cancer was associ-
ated with increased AD (2.77 [1.03-7.45]) and VD (4.48
[1.10-18.32]) risks among patients with BMI between
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18 and 25, but NMSC was associated with ACD (0.66
[0.45-0.97]) risk among those with BMI between 25 and
30 (Supplementary Table 3).

Discussion

Summary of results

In this nationwide prospective cohort study, our results
showed that cancer was associated with modestly
reduced risks of ACD and VD after adjusting for com-
mon dementia risk factors. Subgroup analyses showed
that the association of cancer with subsequent dementia
risk was more pronounced in older people, males, non-
carriers of ApoE4, and those with higher BMI. In addi-
tion, we observed that reproductive system cancer was
associated with a lower risk of ACD, whereas male geni-
tal system cancer had strong inverse associations with
both ACD and AD risks. Then NMSC and PC were asso-
ciated with a lower risk of ACD.

Comparison with previous literature
Several studies have investigated the relationship between
cancer and dementia especially AD, yielding inconsistent
findings. Some reported inverse associations [18-20],
while others revealed positive [30, 31] or null connections
[7, 28]. Our results supported that cancer was related to
a lower risk of dementia was consistent with a review of
previous experimental studies, prospective cohort stud-
ies, and meta-analyses [32]. Similar to the results of Ord-
ing et al. and Sun et al. [12, 20], the current study found
a stronger association between cancer and the risk of
ACD and VD compared to AD after further adjustment
for other potentially confounding factors besides age and
sex. Similar to our results, a recent prospective cohort
study showed that cancer was associated with a roughly
42% reduction in risk of dementia and a 55% reduction
in risk of AD [18]. In addition, a study from the Utah
Population Database argued that the inverse association
between cancer and AD risk arose from bias due to the
competing risks of death [17]. However, this association
remained stable after controlling for competing risks of
death in this study. Similarly, one recent study also sug-
gested that the bias induced by selective survival in sim-
ulations was too small to explain the observed inverse
cancer-dementia link [33]. Previous studies showed that
medical treatments for the cancer would cause a decline
in the memory [34, 35]. However, we found an inverse
association between cancer and ACD risk after adjusting
for cognitive function. The effect of cognitive function on
the relationship between cancer and dementia risk was
not found in the present study.

Driver et al. found that patients with smoking-related
cancers had a lower risk of probable AD than those
with non-smoking-related cancer [11], but there were
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no correlations between smoking-related cancers and
dementia risk in our study. This inconsistency might be
due to our adjustment for additional confounders. Con-
sistent with the study of Ording et al. and we had found
that cancer was found to be protective against demen-
tia when individuals aged over 60 years old. This may
be explained by the fact that aging is a common risk
factor for both dementia [36] and cancer [37]. Com-
pared with previous studies, the present study included
more subgroup analyses of cancer types and systems
to further explore the correlation between cancer and
dementia risk. Our findings showed that patients of
male genital system cancer had lower risks of demen-
tia and AD because of the inverse association between
prostate cancer and dementia. Previous related studies
produced inconsistent results, possibly due to the differ-
ences in sample size between studies [20, 31]. A recent
cohort study reported the inverse association between
NMSC and dementia is stronger for ACD than for other
dementia types [38], which was consistent with the cur-
rent study. However, we found no significant association
between other cancers and AD after excluding NMSC,
which was inconsistent with Driver et al. [11]. This may
be due to their smaller sample size and correction factors.

Several studies investigated whether cancer treat-
ment modulates the risk of dementia. Cancer treat-
ment might be associated with a cancer diagnosis, and
also might engender temporary effects on cognition like
“chemobrain” [39]. Although chemotherapy might impair
cognitive function, there is no clear evidence linking
chemotherapy with an increased risk of dementia. Bax-
ter et al. [40] and Du et al. [41] found patients receiv-
ing chemotherapy had a reduced dementia risk, which
might be explained that chemotherapy can protect neu-
rons susceptible to AD by inhibiting inflammation [42].
Recent evidence found that anti-cancer drugs targeting
mTOR slow AD progression by reducing iron accumu-
lation, suggesting that selective anticancer drugs might
have a modulating effect on AD pathophysiology [43].
Recent meta-analyses showed that individuals with pros-
tate cancer who received androgen deprivation therapy
(ADT) had an increased risk of subsequent dementia [44,
45]. This was contrary to our findings on prostate cancer
on dementia risk. Therefore, whether or not to receive
cancer treatment might have an impact on the risk of
dementia after a cancer diagnosis.

Potential mechanisms

Although cancer patients might have some protection
from dementia, the underlying pathophysiological mech-
anism was not yet clearly defined. The inverse association
between cancer and dementia might be related to dif-
ferential regulation of common genes and pathways. In



Zhang et al. Alzheimer’s Research & Therapy ~ (2022) 14:146

cancer, cell regulation mechanisms were disrupted with
increased cell survival and/or proliferation, whereas AD,
in contrast, was associated with increased neuronal death
caused by or accompanied by deposition of amyloid-beta
(Ap) and tau. Gene polymorphisms, DNA methylation,
or other mechanisms that induce changes in molecular
activity play critical roles in the decision to “repair and
live”- or “die” and may be involved in the pathogenesis
of both diseases [13]. For example, a recent review pro-
poses that several molecular players, namely p53 and
PIN1, may be involved in complex molecular interaction
associated with this inverse correlation [37]. The proto-
typical tumor suppressor protein p53 plays opposite roles
in the pathological development of cancer and dementia
due to the abnormal activation of other proteins [37]. As
seen in polymorphisms of p53, a genetic predisposition
to anti-apoptosis might protect individuals from can-
cer while increasing the risk of neurodegeneration [46].
The protein Pinl is a ubiquitous enzyme that has been
shown to regulate a diverse array of cellular processes of
cell proliferation and differentiation [47]. Many tumors
such as prostate and lung cancer in humans over-express
Pinl [48], whereas its expression in AD patient’s brain is
very low [37]. Single nucleotide polymorphisms (SNPs)
in the promoter region of the Pinl gene that inhibit Pin1
expression are associated with increased AD risk [49] and
decreased cancer risk [50]. Taken together, these findings
provide evidence for a true protective role of cancer in
reducing dementia risk.

Strengths and limitations

There were several strengths and limitations of this popu-
lation cohort study. Major strengths of the current study
were its large sample size of UK Biobank participants, the
prospective design, and long-term follow-up. All cancer
and dementia patients were identified from the nation-
wide databases with high accuracy and coverage. The use
of nationally registered data can guarantee the integrity
of the data. In addition, the UK Biobank cohort collected
extensive information on behaviors, sociodemographic
risk factors, and disease history, allowing adjustment for
potential confounders associated with dementia. These
approaches limited potential problems with selection
bias, sample size, and generalizability. Due to the large
sample size, we were able to investigate potential differ-
ential effects on dementia risk according to cancer sites
and systems. Moreover, we adjusted for various dementia
risk factors that may confound the association of cancer
with dementia.

This study also had some limitations. First, dementia
diagnoses were obtained from registry-based data rather
than detailed neuropsychological assessments. Although
the overall accuracy of obtaining dementia diagnoses
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through registries is good [24], there is still the poten-
tial to misclassify some study participants. Furthermore,
although there is evidence that the rate of false posi-
tives is relatively low, the rate of false negatives is still
largely unknown [24]. Second, the number of dementia
cases was small for some rare cancer types. Third, the
relatively young age of the cohort limited the number of
cases of dementia, especially AD, thus limiting our ability
to identify correlations. Forth, we lacked information on
the cancer treatment history of the participants. During
the follow-up period, cancer survivorship and dementia
diagnosis rate showed differences between participants
with and without cancer treatment. Finally, the present
analyses were performed only within individuals of white
British descent and hence findings might not be gener-
alizable to other ethnicities and general populations. It
cannot be used to provide representative disease preva-
lence and incidence rates. Nevertheless, an effective
assessment of exposure-disease correlations is generaliz-
able and does not require participants to be representa-
tive of the entire population [51].

Conclusions

In conclusion, the findings from this large cohort study
were consistent with previous studies that cancer was
associated with a reduction in the risk of dementia. This
study showed that NMSC and PC were associated with
reduced dementia risk. Future research is required to
further explore the mechanistic basis of this relationship
to improve understanding of the mechanisms underlying
this negative association. In addition, investigating the
potential impact of cancer treatment on dementia risk is
another interesting area for future work.
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