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Abstract

Introduction: Epidemiological studies have identified an inverse association between cancer 

and dementia. Underlying methodological biases have been postulated, yet no studies have 

systematically investigated the potential for each source of bias within a single dataset. We 

used the UK Biobank to compare estimates for the cancer-dementia association using different 

analytical specifications designed to sequentially address multiple sources of bias, including 

competing risk of death, selective survival, confounding bias, and diagnostic bias.

Methods: We included 140,959 UK Biobank participants aged ≥55 without dementia before 

enrollment and with linked primary care data. We used cancer registry data to identify cancer 

cases prevalent before UK Biobank enrollment and incident cancer diagnosed after enrollment. 

We used Cox models to evaluate associations of prevalent and incident cancer with all-cause 

dementia, Alzheimer’s disease (AD), and vascular dementia. We used time-varying models to 

evaluate diagnostic bias.

Results: Over a median follow-up of 12.3 years, 3,310 dementia cases were diagnosed. All-

site incident cancer was positively associated with all-cause dementia incidence (hazard ratio 
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[HR]=1.14, 95% CI: 1.02-1.29), but prevalent cancer was not (HR=1.04, 95% CI: 0.92-1.17). 

Results were similar for vascular dementia. AD was not associated with prevalent or incident 

cancer. Dementia diagnosis was substantially elevated in the first year after cancer diagnosis 

(HR=1.83, 95% CI: 1.42-2.36), after which the association attenuated to null, suggesting 

diagnostic bias.

Conclusion: Following a cancer diagnosis, health care utilization or cognitive consequences of 

diagnosis or treatment may increase chance of receiving a dementia diagnosis, creating potential 

diagnostic bias in electronic health records-based studies.

Keywords

dementia; Alzheimer’s disease; cancer; diagnostic bias

Introduction

Cancer and dementia are leading causes of death globally, and risk of both conditions 

increase with age.[1-3] Several epidemiological studies have reported an inverse association 

between cancer and dementia, particularly Alzheimer’s dementia (AD).[4-7] In a recent 

meta-analysis of 22 cohort and case-control studies, an incident cancer diagnosis was 

associated with an 11% reduction in the subsequent AD incidence rate.[8] Several biological 

mechanisms have been proposed to explain why individuals with a history of cancer may 

have lower dementia incidence rates, including differential cell regulation of senescence and 

proliferation,[9,10] shared genetic pathways through the PIN1 and PARK2 genes,[11,12] 

and chronic inflammation and immunosenescence.[13]

However, epidemiological results are inconsistent, and several methodological biases 

have been postulated to explain the findings.[8] In a recent review, Ospina-Romero et 

al. identified the potential for bias due to competing risk of death, selective survival, 

confounding, or differential diagnosis.[8] The competing risk of death may introduce bias 

because people with cancer have a higher mortality risk than cancer-free individuals, and 

may not live long enough for the diagnosis of dementia.[12,14] Prior evidence using 

time-varying exposure definitions and evaluating non-fatal cancers suggest this is an 

unlikely explanation.[7,15] Survival bias may arise if there are unmeasured protective 

characteristics that promote cancer survival and reduce dementia risk.[13,14] However, a 

simulation study concluded that selection bias was likely too small to explain the observed 

inverse association.[16] Confounding may contribute to the inverse relationship in analyses 

that lacked adequate adjustment for extraneous common causes of cancer and dementia. 

Diagnostic bias may emerge when cancer diagnoses and treatments cause clinicians to 

overlook dementia symptoms, delaying the diagnosis of dementia among cancer patients. 

Simulation studies suggest this can be a particularly influential type of bias.[17] However, 

diagnostic bias may also work in the opposite direction as cancer patients have more 

frequent contact with clinicians, increasing their chance of dementia diagnosis.[14]

To better understand what factors may drive the association between cancer and dementia, 

we used longitudinal data from the UK Biobank to investigate the risks of all-cause 

dementia, AD, and vascular dementia among survivors of prevalent and incident cancers. 
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We leveraged features of the data to evaluate several potential spurious explanations for 

a cancer-dementia association. Specifically, we assessed (1) competing risk of death by 

using transportation injuries as a negative control outcome, [18] (2) survival bias by 

examining the association between non-melanoma skin cancer (NMSC, a type of cancer 

that does not substantially increase mortality risk [19]) and dementia, (3) confounding 

through specification of three sets of covariates, and (4) diagnostic bias by adjusting for the 

frequency of primary care and hospital inpatient contact as a proxy for medical surveillance.

Methods

Study population

The UK Biobank is a cohort of 502,411 adults aged 40-69 years when recruited from 

2006-2010.[20] Participants attended one of 22 assessment centers across England, Wales, 

and Scotland, where they completed a touchscreen questionnaire and a face-to-face 

interview with study nurses. Participants also underwent physical measurements and 

provided blood, urine, and saliva samples. Health outcomes were measured in linked 

National Health Service (NHS) hospital admissions data, and national death and cancer 

registers for all participants. Primary care data were available for approximately half of 

participants. All UK residents are entitled to access NHS primary care services free of 

charge and 98% of the population is registered with primary care. General practitioners 

(GP) are typically responsible for the initial assessment, diagnosis, and treatment of patients 

with a wide range of medical conditions and increasing diagnosis of dementia was made 

a national priority in 2009. The majority of individuals diagnosed with dementia are 

hospitalized within 1-3 years after diagnosis.[21] While there is no national system for 

collecting or sharing primary care data, the UK Biobank has obtained primary care data for 

almost half of participants.[22] For the current analyses, we included participants who were 

55 years or older, free of dementia at the baseline UK Biobank assessment, and had primary 

care data linked to the UK Biobank database (Figure 1).

Identification of cancer cases

We identified cancer cases and date of diagnosis using data from cancer registries (NHS 

Digital and Public Health England for England and Wales; NHS Central Register for 

Scotland). Sensitivity analyses used self-reported cancer diagnoses. In our primary analysis, 

we included all cancer types except NMSC. We also considered the following common 

site-specific cancers: NMSC, breast cancer, and prostate cancer, as cancers at each of these 

sites have been negatively linked to dementia in previous research.[23-25] We treated cancer 

diagnosis as a time-varying exposure and categorized participants as having (1) prevalent 

cancer if there was a cancer diagnosis in their medical record prior to the date of UK 

Biobank enrollment, (2) incident cancer if there was a cancer diagnosis in their medical 

record after their date of UK Biobank enrollment, or (3) no cancer if there was no record 

of cancer in their medical records, either prior to or after enrollment. All-cause cancer 

diagnoses were defined as an ICD-10 code of C00-C96 except C44 (NMSC), or an ICD-9 

code of 140-209 except 173 (NMSC).
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Ascertainment of dementia cases

Our primary outcome was incident all-cause dementia diagnosis, ascertained via linked NHS 

primary care data, hospital inpatient admissions, and death records. In the UK Biobank, 

hospital inpatient data and death records are coded using ICD-9 and ICD-10, and primary 

care records are coded using Read version 2 (Read v2) and Clinical Terms Version 3 

(CTV3), both of which are part of the Systematized Nomenclature of Medicine Clinical 

Terms (SNOMED-CT).We used a comprehensive list of ICD codes to identify all-cause 

dementia cases, including AD, vascular dementia, frontotemporal dementia, Lewy body 

dementia, alcohol-related dementia, and Creutzfeldt-Jakob disease (Supplementary Table 1). 

Incident dementia was defined as having dementia as a primary or secondary diagnosis in 

hospital inpatient or primary care data, or a contributory cause of death in mortality data. 

We studied all-cause dementia as the primary outcome because overlapping and evolving 

symptoms can lead to ambiguity in the diagnosis of dementia type.[26] In addition, we 

evaluated the incidence of AD and vascular dementia as secondary outcomes.

Covariates

The following covariates were included in multivariable analyses: age, sex, race, assessment 

center, the presence of the APOE-ε4 allele, education, Townsend deprivation index (measure 

of area-level deprivation), number of clinic visits in the year before study entry, body 

mass index (BMI), ever smoked, ever used alcohol, physical activity, diabetes, and 

stroke. Age and sex were acquired from a central registry at recruitment and updated by 

participants. Race, education, ever smoked, and ever used alcohol were self-reported by 

participants through a touchscreen questionnaire at baseline. Townsend deprivation index, a 

composite score measuring socioeconomic status,[27] was calculated prior to baseline based 

on preceding national census output areas and determined by participants’ postcodes at 

recruitment. The number of healthcare contact in the year before study entry was determined 

by the summation of the number of hospital inpatient episodes and the number of days 

the participant had any clinical interactions in the primary care data. BMI was calculated 

from height and weight that were measured by staff during the baseline visit and treated 

as a continuous variable. Physical activity was defined as self-report of ≥150 min/week of 

moderate activity or ≥75 min/week of vigorous activity or an equivalent combination.[28] 

Diabetes and stroke histories at baseline were identified via linked inpatient, primary care, 

mortality data, or self-reported medical conditions.

Statistical analyses

We summarized the baseline characteristics of the study sample stratified by cancer 

status (no diagnosis, prevalent at baseline, or incident during follow-up). To examine the 

relationship between a cancer diagnosis and an incident dementia diagnosis, we used Cox 

proportional hazards regression models. Participants were followed from baseline to the 

date of first dementia diagnosis, death from any cause, or the latest date at which hospital 

inpatient data were available (September 30, 2021 for England; July 31, 2021 for Scotland; 

and February 28, 2018 for Wales), whichever came first. We used age as the time scale 

because mortality and morbidity risks are expected to increase with age. We conducted 

all analyses stratified by baseline age categories (55-59, 60-64, 65-69, ≥70 years), to 
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allow the underlying baseline hazard function to vary by age category. Cox proportional 

hazards regression models were also stratified by assessment center (all models). In our 

primary analysis, incident cancer was treated as a time-varying covariate: participants with 

an incident cancer diagnosis contributed person-time to the “no cancer” group until their 

date of cancer diagnosis, after which they contributed to person-time in the incident cancer 

group. In addition, we evaluated the aforementioned study biases (Table 2).

Competing risk of death—To assess the competing risk of death, we repeated the 

primary analysis using transportation injuries as a negative control outcome. We chose 

transportation injuries because there is no known biological mechanism in the relationship 

between cancer and transportation injuries. In the presence of possible bias from competing 

risk due to death, mortality due to cancer precludes onset of transportation injuries and we 

expect to observe a negative association between cancer and transportation injuries.

Survival bias—In addition to all cancer sites, we examined the association between 

NMSC and incident dementia to avoid survival bias because NMSC does not substantially 

increase mortality risk.

Confounding bias—In order to address confounding bias, we sequentially adjusted for 

three sets of covariates at baseline. We considered potential confounders to be variables that 

influence both cancer and dementia risk. Model 1 included sex, race, assessment center, 

and the presence of an APOE-ε4 allele. Model 2 additionally included education, Townsend 

deprivation index, and the number of clinic visits (as a measure of healthcare utilization). 

Model 3 additionally included BMI, ever smoked, ever used alcohol, physical activity, 

diabetes, and stroke. To avoid bias potentially induced by adjusting for a collider,[29] we did 

not control for factors that were downstream consequences of cancer, for example, cancer 

treatment or comorbidities known to be cancer sequelae.

Diagnostic bias—We adjusted for the frequency of healthcare contact in the year before 

baseline to account for differential medical surveillance among individuals with a history 

a cancer and individuals with no cancer diagnosis. To evaluate diagnostic bias by cancer 

status, we additionally calculated the hazard ratios for dementia over five time intervals after 

the earliest cancer diagnosis (0 - 1 year, >1 – 5 years, >5 – 10 years, >10 – 20 years, and >20 

years after cancer diagnosis) compared to individuals with no prior cancer diagnosis. We 

also assessed the association between past-year health care utilization and incident dementia 

diagnoses in the primary analysis.

For all Cox models, we assessed violations of the proportional hazards assumption with 

Schoenfeld residual tests.[30] We repeated the analyses using the secondary outcomes (AD 

and vascular dementia). In addition, we analyzed site-specific associations between cancer 

and all-cause dementia for breast and prostate cancer.

We conducted four sensitivity analyses to evaluate robustness of our results. First, we 

examined the impact of potential incompleteness in the health record data on cancer 

diagnoses by further including data on self-reported cancer history for all participants.[31] 

Our second sensitivity analysis assessed the potential impact of missing data using multiple 

Wang et al. Page 5

Eur J Epidemiol. Author manuscript; available in PMC 2024 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



imputation by chained equations with 10 imputations.[32] The percentage of missing 

variables ranged from 0% for sex, age, assessment center, number of clinic visits, and 

comorbidities, to 2.7% for self-reported physical activity. Most covariates had less than 1% 

of values missing. In addition, we repeated the primary analyses restricting to individuals 

with no prevalent cancer diagnosis at study enrollment and evaluated the association of 

incident cancer with dementia diagnosis. Finally, to explore the possibility of heterogenous 

associations between cancer and all-cause dementia across different age groups, we used a 

time-varying Cox model with follow-up spread over three age classes (55-64, 65-74, and 

75+) and included an interaction term between time-updated age class and cancer groups. 

All statistical analyses were performed using R version 4.0.5.

Results

Study Sample Characteristics

Among 140,959 participants who met the inclusion criteria, 12,635 (9.0%) had a recorded 

cancer diagnosis prior to baseline (referred to as a prevalent cancer), and 17,905 (12.7%) 

received a first cancer diagnosis during follow-up (referred to as incident cancer). Over 

a median follow-up of 12.3 years (interquartile range, 11.3-13.1 years), corresponding to 

1,671,906 person-years at risk for dementia, there were 3,310 cases of incident all-cause 

dementia. The analytical sample was predominantly White (96.8%), with 2,321 Asian 

participants, 904 Black participants, and 1,275 participants who identified as some other 

race (Table 1). The median baseline age of both prevalent and incident cancer patients was 

63.4 years, which was slightly older than cancer-free individuals (62.2 years). Dementia 

incidence rates increased rapidly with age, regardless of cancer status (Figure 2). There was 

no significant difference in age-specific incidence rates between the various cancer groups 

and the group without cancer, with the exception of the incidence rate of dementia among 

the incident cancer group, which was found to be significantly higher than in the group 

without cancer (incidence rate difference [IRD] = 0.94, 95% CI = 0.31-1.57; supplementary 

Table 2).

Associations of history of cancer with dementia

In the minimally adjusted model for the primary analysis (Table 3, Model 1), prevalent 

cancer was not significantly associated with all-cause dementia (HR = 1.09, 95% CI: 

0.97-1.22), while incident cancer was significantly associated with a higher risk of all-cause 

dementia (HR = 1.16, 95% CI: 1.03-1.30). The fully adjusted model (Table 3, Model 3) 

yielded similar results (HR = 1.04, 95% CI: 0.92-1.17 for prevalent cancer; HR = 1.14, 95% 

CI = 1.02-1.29 for incident cancer). A similar hazard ratio is observed for vascular dementia 

for both prevalent cancer (HR = 1.15, 95% CI: 0.91-1.45) and incident cancer (HR = 1.27, 

95% CI: 1.02-1.59; Table 3, Model 3), although not statistically significant for prevalent 

cancer. Prevalent and incident cancers were not significantly associated with AD, although 

CIs were wide.

Assessment of study biases

Incidence of dementia was highest in the first year after cancer diagnosis compared to 

individuals with no cancer diagnosis (HR = 1.83, 95% CI = 1.42-2.36; Table 4); after 
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the first year post-diagnosis, the association attenuated (HR = 1.03, 95% CI = 0.87-1.23 

during 1-5 years after cancer diagnosis; HR = 1.04, 95% CI = 0.88-1.23 during 5-10 years 

after cancer diagnosis). Similar patterns were observed for AD and vascular dementia. 

The positive associations between incident cancer and dementia were driven by spike in 

dementia diagnoses immediately following cancer diagnosis, suggesting diagnostic bias by 

cancer status. Consistent with this, number of primary care visits per year was associated 

with higher incidence of all-cause dementia diagnosis (HR = 1.05, 95% CI = 1.04-1.06 

for each 3 additional primary care visits per year). Adding weight to the evidence for 

diagnostic bias, we observed a higher incidence rate of all-cause dementia after the diagnosis 

of cancer, compared to the rate before diagnosis, among individuals with an incident cancer 

(incidence rate [IR] = 3.75 per 1,000 person-years after cancer diagnosis; IR = 0.34 per 

1,000 person-years before cancer diagnosis).

Supplementary Table 3 shows results for associations of cancer history with transportation 

injuries. No significant associations between cancer and our negative control outcome, 

incidence of subsequent transportation injuries were found (HR = 0.95, 95% CI: 0.77-1.17 

for prevalent cancer; HR = 0.93, 95% CI: 0.74-1.19 for incident cancer; supplementary 

Table 3).

Supplementary Table 4 presents results for associations of NMSC with dementia incidence. 

In the fully adjusted model, incident NMSC diagnosis was associated with lower all-cause 

dementia incidence (HR = 0.82, 95% CI: 0.67-1.00). The comparison between NMSC and 

all-site cancer suggested that survival bias may not explain the observed association in the 

primary analysis. In addition, there were no significant associations between either prevalent 

or incident prostate cancer diagnoses and all-cause dementia among males (Supplementary 

Table 4). Similarly, among females, no significant associations between breast cancer and 

all-cause dementia were found.

In the sensitivity analysis including self-reported cancer diagnoses (Supplementary Table 

5), prevalent cancer (HR = 0.99, 95% CI: 0.89-1.11) was not significantly associated 

with incident all-cause dementia while incident cancer was (HR = 1.15, 95% CI = 

1.02-1.30). Using multiple imputation to impute missing covariate values (Supplementary 

Table 6) or excluding individuals with prevalent cancer diagnosis at study enrollment 

(Supplementary Table 7) did not substantially change our primary results. In addition, 

there were no significant associations between either prevalent or incident prostate cancer 

diagnoses and all-cause dementia among males (Supplementary Table 4). Similarly, among 

females, no significant associations between breast cancer and all-cause dementia were 

found. Furthermore, no significant interactions between age and cancer groups were found, 

suggesting age class did not modify the association between cancer and all-cause dementia 

(Supplementary Table 8).

Discussion

In this large-scale prospective cohort study, we found a significant positive association 

between incident cancer diagnoses and subsequent all-cause dementia and vascular 

dementia. These results were driven primarily by a large elevation in the probability of a 
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dementia diagnosis in the year immediately following a new cancer diagnosis. No significant 

association between overall prevalent or incident cancer diagnoses and AD was found. 

Incident NMSC diagnosis was associated with a lower risk of all-cause dementia, but 

prostate and breast cancer were not significantly associated with all-cause dementia.

Prior work suggests a possible inverse biological link between the risk of neoplastic disease 

and risk of neurodegenerative diagnosis.[33,34] Our findings do not directly support this 

but evaluate several sources of bias in prior research on this topic. We find little evidence 

of competing risk of death, selective survival, or confounding bias. We find evidence 

of a spike in dementia diagnoses immediately following cancer diagnosis, likely due to 

increased engagement with the health care system and opportunity to receive a dementia 

diagnosis. These results suggest that diagnostic bias may lead to the observation of positive 

associations between cancer diagnoses and subsequent diagnoses of dementia received in 

the course of clinical care. This bias would affect all electronic health records-based studies 

but would not bias studies in which cognitive outcomes were routinely assessed for all 

participants as part of the study protocol. However, cognitive dysfunction due to cancer 

treatments, such as, chemotherapy and cranial radiotherapy, as well as their consequences, 

such as, pain, depression, and fatigue, may lead to overdiagnosis of dementia, driving a 

surge of dementia diagnosis shortly after cancer diagnosis.[35] In addition, the magnitude 

of diagnostic bias or treatment-related over-diagnosis may depend on cancer types. NMSC 

may be less likely to trigger increased health care utilization and potential diagnostic bias, or 

cancer-treatment related cognitive difficulties. It is thus possible that the inverse association 

with NMSC reflects the likely association that would be observed in the absence of these 

biases.

Our results are generally consistent with those from previous studies that ascertained 

dementia diagnoses from electronic health records and inform interpretation of prior results.

[8] Our finding of a temporal trend in the cancer-dementia association suggests that the 

increased probability of dementia diagnosis in the first year after a cancer diagnosis 

may be an important source of bias in electronic health records-based studies of cancer 

and dementia. In Ospina-Romero et al.’s meta-analysis, the pooled HR for studies that 

ascertained AD from electronic health records was 0.94 (95% CI: 0.58-1.52). For example, 

a recent population-based cohort study of US veterans that used medical records and claims 

data thus was also vulnerable to diagnostic bias, found an increased risk of subsequent 

non-AD dementia among survivors of all cancers (HR = 1.17; 95% CI: 1.15-1.19) and no 

association between all cancers and AD (HR = 1.00; 95% CI: 0.97-1.03).[36]

On the other hand, in Ospina-Romero et al.’s meta-analysis, community-based studies 

that did not use medical records to ascertain dementia status and thus classified as less 

susceptible to AD diagnostic bias showed an inverse association between cancer and AD 

(HR = 0.73; 95% CI: 0.58-0.90).[8] A study using the Adult Changes in Thought (ACT) 

cohort reported mixed evidence for the association between all cancers and subsequent 

dementia among survivors of prevalent cancer before study entry (HR = 0.92; 95% CI: 

0.76-1.11) and incident cancer during follow-up (HR = 0.87; 95% CI: 0.64-1.04).[15] In this 

study, participants were followed up with biennial interviews to identify dementia diagnosis 

thus differential ascertainment by cancer status is less likely.[37]
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Use of electronic health records or other administrative data sources for studying the cancer-

dementia link is very appealing because of the large sample sizes available, allowing more 

precise estimates and investigation of specific cancer and dementia subtypes. Our study 

confirms a major challenge in such studies, however, due to diagnostic bias. Studies of 

dementia outcomes based on diagnoses accrued in clinical care must rigorously evaluate and 

correct for potential diagnostic bias. This potential bias may also be relevant for exposures 

other than cancer, i.e., any exposure that entails engagement with the health care system 

(prescriptions, medical treatments, or receipt of care).

Strengths and limitations

The primary limitations of this study include the limited number of dementia cases, over-

representation of healthy and predominantly White individuals with high socioeconomic 

status (SES) in the UK Biobank, lack of data on time-varying health care utilization, and 

potential misclassification of dementia diagnoses. Because this cohort is relatively young, 

with a mean age of 74.4 years (SD=4.3) at the end of follow-up for the age-restricted 

analytical sample (≥ 55 years at baseline), dementia cases at older ages would not have 

been observed. Age-specific dementia incidence rates in our sample were substantially lower 

than in the general UK population.[38] The limited number of incident dementia cases may 

also have been due to a healthy volunteer selection bias in the UK Biobank.[39] However, 

prior work demonstrated the associations between risk factors and mortality observed in UK 

Biobank are similar to associations observed in representative samples. Unlike community-

based cohort studies in which routine dementia screening for all participants is completed 

at predetermined intervals, our study may be vulnerable to diagnostic bias because we 

derived dementia cases from electronic health records. We attempted to minimize the 

diagnostic bias by adjusting for the frequency of healthcare utilization in the year before 

study entry. However, a comprehensive representation of healthcare utilization is unlikely to 

be feasible as it would entail information on the provider type, the reason and duration of 

the visit and other types of services accessed. And we did not consider time-varying health 

care utilization for individuals with an incident cancer. Moreover, comparison between 

diagnostic codes of all-cause dementia and clinical expert adjudication for a subset of UK 

Biobank participants showed a positive predictive value of 82.5%,[40] suggesting potential 

misclassification of dementia diagnosis. While cancer registry data is widely regarded as the 

gold standard for identifying cancer cases, it is still subject to potential misclassification of 

cancer diagnoses.[41] Finally, the lack of detailed cancer treatment data that would allow us 

to identify cancer-treatment-related cognitive consequences makes a limitation of this study.

The major strengths of this cohort study include the prospective design, large sample size, 

long follow-up period, and rich data that allow the assessment of potential methodological 

biases. Detailed individual information on demographics, behaviors, and comorbidities were 

collected at baseline, which enabled us to control for multiple potential confounders. Our 

careful consideration for the potential confounders may preclude the bias induced by 

inappropriate adjustment for covariates. We also adjusted for the frequency of healthcare 

contacts in order to account for potentially differential health care utilization by cancer 

status. Survival bias due to differential mortality in the cancer and cancer-free groups 

was mitigated by separating prevalent and incident cancer, and separately investigating 
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NMSC, which does not substantially increase mortality.[19] In addition, our analysis of 

transportation injuries after a cancer diagnosis did not suggest differential mortality between 

cancer and cancer-free groups.

Conclusion and future work

We observed significantly higher incidence of dementia among incident cancer patients 

than their cancer-free counterparts among adults aged ≥55 in the UK Biobank. Many 

of these dementia cases were diagnosed in the first year following a cancer diagnosis, 

suggesting that increased healthcare utilization following a cancer diagnosis may increase 

the likelihood of dementia ascertainment. Hence, diagnostic bias could contribute to or 

explain the association between cancer and dementia observed in electronic health records-

based studies. In conclusion, this comprehensive study did not directly support a biologic 

relationship between cancer and dementia but highlights a bias that may obscure this 

association in electronic health records-based studies of this topic. Future studies should 

address these methodological biases to improve causal inference and expand evidence 

on the etiologies of cancer and dementia. Studies that leverage different methodological 

approaches, such as evaluating genetic linkage and using neuroimaging biomarkers, may 

be required to fully understand the relationship between cancer and dementia. Rigorous 

quantification and correction of diagnostic bias is necessary for electronic health record-

based research on the determinants of dementia.
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Refer to Web version on PubMed Central for supplementary material.

Funding

This work was supported by NIH/NIA RF1AG059872 (MMG) and NIH/NIA K99AG073454 (SFA).

References:

1. Naghavi M, Abajobir AA, Abbafati C, Abbas KM, Abd-Allah F, Abera SF, et al. Global, regional, 
and national age-sex specific mortality for 264 causes of death, 1980–2016: a systematic analysis 
for the Global Burden of Disease Study 2016. The Lancet. 2017;390:1151–210.

2. Scheltens P, Strooper BD, Kivipelto M, Holstege H, Chételat G, Teunissen CE, et al. Alzheimer’s 
disease. The Lancet. Elsevier; 2021;397:1577–90.

3. Soerjomataram I, Bray F. Planning for tomorrow: global cancer incidence and the role of prevention 
2020–2070. Nat Rev Clin Oncol. Nature Publishing Group; 2021;18:663–72. [PubMed: 34079102] 

4. Driver JA, Beiser A, Au R, Kreger BE, Splansky GL, Kurth T, et al. Inverse association between 
cancer and Alzheimer’s disease: results from the Framingham Heart Study. BMJ. British Medical 
Journal Publishing Group; 2012;344:e1442. [PubMed: 22411920] 

5. Roe CM, Fitzpatrick AL, Xiong C, Sieh W, Kuller L, Miller JP, et al. Cancer linked to Alzheimer 
disease but not vascular dementia. Neurology. Wolters Kluwer Health, Inc. on behalf of the 
American Academy of Neurology; 2010;74:106–12. [PubMed: 20032288] 

6. Musicco M, Adorni F, Santo SD, Prinelli F, Pettenati C, Caltagirone C, et al. Inverse occurrence of 
cancer and Alzheimer disease: A population-based incidence study. Neurology. Wolters Kluwer 
Health, Inc. on behalf of the American Academy of Neurology; 2013;81:322–8. [PubMed: 
23843468] 

Wang et al. Page 10

Eur J Epidemiol. Author manuscript; available in PMC 2024 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Freedman DM, Wu J, Chen H, Kuncl RW, Enewold LR, Engels EA, et al. Associations between 
cancer and Alzheimer’s disease in a U.S. Medicare population. Cancer Med. 2016;5:2965–76. 
[PubMed: 27628596] 

8. Ospina-Romero M, Glymour MM, Hayes-Larson E, Mayeda ER, Graff RE, Brenowitz WD, et 
al. Association Between Alzheimer Disease and Cancer With Evaluation of Study Biases: A 
Systematic Review and Meta-analysis. JAMA Netw Open. 2020;3:e2025515. [PubMed: 33185677] 

9. Behrens MI, Lendon C, Roe CM. A common biological mechanism in cancer and Alzheimer’s 
disease? Curr Alzheimer Res. 2009;6:196–204. [PubMed: 19519301] 

10. Holohan KN, Lahiri DK, Schneider BP, Foroud TM, Saykin AJ. Functional microRNAs 
in Alzheimer’s disease and cancer: differential regulation of common mechanisms and 
pathways. Front Genet [Internet]. Frontiers; 2013 [cited 2021 May 28];3. Available from: https://
www.frontiersin.org/articles/10.3389/fgene.2012.00323/full

11. Li Q, Dong Z, Lin Y, Jia X, Li Q, Jiang H, et al. The rs2233678 Polymorphism in PIN1 
Promoter Region Reduced Cancer Risk: A Meta-Analysis. PLOS ONE. Public Library of Science; 
2013;8:e68148.

12. Driver JA. Inverse association between cancer and neurodegenerative disease: review of the 
epidemiologic and biological evidence. Biogerontology. 2014;15:547–57. [PubMed: 25113739] 

13. Ganguli M. Cancer and Dementia: It’s Complicated. Alzheimer Dis Assoc Disord. 2015;29:177–
82. [PubMed: 25710132] 

14. van der Willik KD, Schagen SB, Ikram MA. Cancer and dementia: Two sides of the same coin? 
Eur J Clin Invest. 2018;48:e13019. [PubMed: 30112764] 

15. Bowles EJA, Walker RL, Anderson ML, Dublin S, Crane PK, Larson EB. Risk of Alzheimer’s 
disease or dementia following a cancer diagnosis. PloS One. 2017;12:e0179857. [PubMed: 
28632787] 

16. Hayes-Larson E, Ackley SF, Zimmerman SC, Ospina-Romero M, Glymour MM, Graff RE, et 
al. The competing risk of death and selective survival cannot fully explain the inverse cancer-
dementia association. Alzheimers Dement J Alzheimers Assoc. 2020;16:1696–703.

17. Hayes-Larson E, Shaw C, Ackley SF, Zimmerman SC, Glymour MM, Graff RE, et al. The Role 
of Dementia Diagnostic Delay in the Inverse Cancer–Dementia Association. J Gerontol Ser A. 
2022;77:1254–60.

18. Arnold BF, Ercumen A, Benjamin-Chung J, Colford JM. Brief Report: Negative Controls to 
Detect Selection Bias and Measurement Bias in Epidemiologic Studies. Epidemiol Camb Mass. 
2016;27:637–41.

19. Schmidt SAJ, Ording AG, Horváth-Puhó E, Sørensen HT, Henderson VW. Non-melanoma skin 
cancer and risk of Alzheimer’s disease and all-cause dementia. PLOS ONE. Public Library of 
Science; 2017;12:e0171527.

20. Allen N, Sudlow C, Downey P, Peakman T, Danesh J, Elliott P, et al. UK Biobank: Current status 
and what it means for epidemiology. Health Policy Technol. 2012;1:123–6.

21. Sommerlad A, Perera G, Mueller C, Singh-Manoux A, Lewis G, Stewart R, et al. Hospitalisation 
of people with dementia: evidence from English electronic health records from 2008 to 2016. Eur J 
Epidemiol. 2019;34:567–77. [PubMed: 30649705] 

22. Stroganov O, Fedarovich A, Wong E, Skovpen Y, Pakhomova E, Grishagin I, et al. Mapping of UK 
Biobank clinical codes: Challenges and possible solutions. PLOS ONE. Public Library of Science; 
2022;17:e0275816.

23. Ording AG, Horváth-Puhó E, Veres K, Glymour MM, Rørth M, Sørensen HT, et al. Cancer and 
risk of Alzheimer’s disease: Small association in a nationwide cohort study. Alzheimers Dement. 
2020;16:953–64. [PubMed: 32432415] 

24. Sun M, Wang Y, Sundquist J, Sundquist K, Ji J. The Association Between Cancer and Dementia: A 
National Cohort Study in Sweden. Front Oncol [Internet]. Frontiers; 2020 [cited 2021 May 27];10. 
Available from: https://www.frontiersin.org/articles/10.3389/fonc.2020.00073/full

25. Sun L-M, Chen H-J, Liang J-A, Kao C-H. Long-term use of tamoxifen reduces the risk of 
dementia: a nationwide population-based cohort study. QJM Int J Med. 2016;109:103–9.

Wang et al. Page 11

Eur J Epidemiol. Author manuscript; available in PMC 2024 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.frontiersin.org/articles/10.3389/fgene.2012.00323/full
https://www.frontiersin.org/articles/10.3389/fgene.2012.00323/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.00073/full


26. Wu Y-T, Beiser AS, Breteler MMB, Fratiglioni L, Helmer C, Hendrie HC, et al. The changing 
prevalence and incidence of dementia over time — current evidence. Nat Rev Neurol. Nature 
Publishing Group; 2017;13:327–39. [PubMed: 28497805] 

27. Townsend P, Phillimore P, Beattie A. Health and deprivation: inequality and the North. Routledge; 
1988.

28. Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn L, et al. Defining and 
Setting National Goals for Cardiovascular Health Promotion and Disease Reduction. Circulation. 
American Heart Association; 2010;121:586–613. [PubMed: 20089546] 

29. Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology: methods, interpretation 
and bias. Int J Epidemiol. 2013;42:1511–9. [PubMed: 24019424] 

30. GRAMBSCH PM, THERNEAU TM. Proportional hazards tests and diagnostics based on 
weighted residuals. Biometrika. 1994;81:515–26.

31. Møller H, Richards S, Hanchett N, Riaz SP, Lüchtenborg M, Holmberg L, et al. Completeness of 
case ascertainment and survival time error in English cancer registries: impact on 1-year survival 
estimates. Br J Cancer. 2011;105:170–6. [PubMed: 21559016] 

32. White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and 
guidance for practice. Stat Med. 2011;30:377–99. [PubMed: 21225900] 

33. Mogavero MP, Silvani A, DelRosso LM, Salemi M, Ferri R. Focus on the Complex 
Interconnection between Cancer, Narcolepsy and Other Neurodegenerative Diseases: A Possible 
Case of Orexin-Dependent Inverse Comorbidity. Cancers. Multidisciplinary Digital Publishing 
Institute; 2021;13:2612. [PubMed: 34073579] 

34. Galvão F, Grokoski KC, da Silva BB, Lamers ML, Siqueira IR. The amyloid precursor protein 
(APP) processing as a biological link between Alzheimer’s disease and cancer. Ageing Res Rev. 
2019;49:83–91. [PubMed: 30500566] 

35. Mounier NM, Abdel-Maged AE-S, Wahdan SA, Gad AM, Azab SS. Chemotherapy-
induced cognitive impairment (CICI): An overview of etiology and pathogenesis. Life Sci. 
2020;258:118071. [PubMed: 32673664] 

36. Frain L, Swanson D, Cho K, Gagnon D, Lu KP, Betensky RA, et al. Association of cancer and 
Alzheimer’s disease risk in a national cohort of veterans. Alzheimers Dement J Alzheimers Assoc. 
2017;13:1364–70.

37. Kukull WA, Higdon R, Bowen JD, McCormick WC, Teri L, Schellenberg GD, et al. Dementia 
and Alzheimer Disease Incidence: A Prospective Cohort Study. Arch Neurol. 2002;59:1737–46. 
[PubMed: 12433261] 

38. Pham TM, Petersen I, Walters K, Raine R, Manthorpe J, Mukadam N, et al. Trends in 
dementia diagnosis rates in UK ethnic groups: analysis of UK primary care data. Clin Epidemiol. 
2018;10:949–60. [PubMed: 30123007] 

39. Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al. Comparison of 
Sociodemographic and Health-Related Characteristics of UK Biobank Participants With Those of 
the General Population. Am J Epidemiol. 2017;186:1026–34. [PubMed: 28641372] 

40. Wilkinson T, Schnier C, Bush K, Rannikmäe K, Henshall DE, Lerpiniere C, et al. Identifying 
dementia outcomes in UK Biobank: a validation study of primary care, hospital admissions and 
mortality data. Eur J Epidemiol. 2019;34:557–65. [PubMed: 30806901] 

41. Brewster DH, Stockton D, Harvey J, Mackay M. Reliability of cancer registration data in Scotland, 
1997. Eur J Cancer. 2002;38:414–7. [PubMed: 11818208] 

Wang et al. Page 12

Eur J Epidemiol. Author manuscript; available in PMC 2024 February 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: Flow diagram of inclusion criteria
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Figure 2: Age-specific all-cause dementia incidence rates
Age-specific incidence rates were calculated by dividing the number of all-cause dementia 

cases in each age group by the number of person-years of observation in that group. 

Participants were at risk and contributed person-years from study baseline until the time of 

first dementia diagnosis, death from any cause, or censoring date. For each age group, a 95% 

CI for the age-specific incidence rate was calculated assuming a Poisson distribution for the 

number of cases in that group.
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Table 1:

Baseline characteristics of analytical sample stratified by cancer status

Characteristic No cancer
No. (%)a

Prevalent cancer
No. (%)a

Incident cancer
No. (%)a

Number 110,419 12,635 17,905

Median age (IQR) 62.2 (59.0-65.6) 63.4 (60.2-66.6) 63.4 (60.4-66.5)

Age groups

 55-59 34,873 (31.6) 2,959 (23.4) 4,046 (22.6)

 60-64 43,566 (39.5) 4,948 (39.2) 7,220 (40.3)

 65-69 31,221 (28.3) 4,591 (36.3) 6,465 (36.1)

 ≥ 70 759 (0.7) 137 (1.1) 174 (1.0)

Sex

 Female 59,941(54.3) 8,299 (65.7) 7,859 (43.9)

 Male 50,478(45.7) 4,336 (34.3) 10,046 (56.1)

Race

 White 106,516(96.6) 12,356 (97.8) 17,394 (96.9)

 Black 718 (0.7) 69 (0.5) 117 (0.7)

 Asian 2,021 (1.8) 101 (0.8) 219 (1.2)

 Other 1,021 (0.9) 102 (0.8) 152 (0.9)

Education

 Higher 38,723 (35.1) 4,277 (33.9) 5,932 (33.2)

 Secondary 35,883 (32.6) 4,079 (32.3) 5,570 (31.2)

 Vocational 8,018 (7.3) 857 (6.8) 1,428 (8.0)

 Other 27,610 (25.0) 3,413 (27.0) 4,944 (27.7)

BMI, mean (SD) 27.6 (4.7) 27.6 (4.8) 29.0 (4.7)

Physical activity

 Yes 84,143(78.3) 9,323 (76.1) 13,500 (77.5)

 No 23,315 (21.7) 2,934 (23.9) 3,915 (22.5)

Ever smoked

 Yes 52,041 (47.4) 6,451 (51.4) 9,690 (54.5)

 No 57,757 (52.6) 6,107 (48.6) 8,102 (45.5)

Ever used alcohol

 Yes 104,978 (95.3) 11,991 (95.0) 17,154 (96.1)

 No 5,148 (4.7) 625 (5.0) 700 (3.9)

Townsend deprivation indexb

 1 (least deprived) 23,221 (21.1) 2,576 (20.4) 3,681 (20.6)

 2-4 68,199 (61.8) 7,756 (61.4) 10,984 (61.4)

 5 (most deprived) 18,859 (17.1) 2,291 (18.2) 3,226 (18.0)

Diabetes

 Yes 6,952 (6.3) 843 (6.7) 1,385 (7.7)

 No 103,467 (93.7) 11,792 (93.3) 16,520 (92.3)

Stroke
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Characteristic No cancer
No. (%)a

Prevalent cancer
No. (%)a

Incident cancer
No. (%)a

 Yes 2,191 (2.0) 301 (2.4) 422 (2.4)

 No 108,228 (98.0) 12,334 (97.6) 17,483 (97.6)

Median number of clinic visitsc (25th-75th percentile) 6 (2-11) 8 (4-15) 6 (2-12)

Median follow-up time (25th-75th percentile) 12.3 (11.6-13.1) 12.2 (11.3-13.0) 4.9 (2.2-8.2)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); SD, standard deviation.

a
Percentages may not sum to 100 due to rounding.

b
Index quintiles, combining social class, employment, car availability, and housing.

c
Number of primary care clinics visits in the year before study entry.
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Table 2:

Types of biases evaluated for alternative explanations

Bias Description Evaluation

Competing risk of 
death

People with cancer have a higher mortality risk than 
cancer-free individuals and may not live long enough for 
the diagnosis of dementia.

Using transportation injuries as a negative control 
outcome.

Survival bias There are unmeasured protective characteristics that 
promote cancer survival and reduce dementia risk.

Examining the association between non-melanoma skin 
cancer (a type of cancer that does not substantially 
increase mortality risk) and dementia.

Confounding bias There are common causes of the exposure and outcome 
that are unaccounted for.

Specifying three sets of covariates.

Diagnostic bias Cancer diagnoses and treatments affect the probability 
of dementia diagnosis.

Calculating the hazard ratios for dementia over five time 
intervals after the earliest cancer diagnosis and assessing 
the association between past-year health care utilization 
and incident dementia diagnoses.
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Table 3:

Incident all-cause dementia, AD, and vascular dementia after a cancer diagnosis

Outcome
No. of events

/person-yearsa

Age-
adjusted

IRb
HR 95% CI HR 95% CI HR 95% CI

Model 1c Model 2d Model 3e

All-cause dementia

No cancer 2,640/1,432,923 3.28 1.00 ref. 1.00 ref. 1.00 ref.

Prevalent cancer 327/143,335 3.54 1.09 0.97-1.22 1.02 0.91-1.15 1.04 0.92-1.17

Incident cancer 343/95,648 3.75 1.16 1.03-1.30 1.15 1.03-1.30 1.14 1.02-1.29

AD dementia

No cancer 1,222/1,437,116 1.76 1.00 ref. 1.00 ref. 1.00 ref.

Prevalent cancer 139/143,834 1.50 0.96 0.80-1.14 0.92 0.77-1.10 0.95 0.79-1.14

Incident cancer 147/96,121 1.70 1.07 0.90-1.27 1.07 0.90-1.27 1.04 0.87-1.25

Vascular dementia

No cancer 664/1,438,617 0.87 1.00 ref. 1.00 ref. 1.00 ref.

Prevalent cancer 91/144,010 0.73 1.18 0.94-1.48 1.11 0.88-1.39 1.15 0.91-1.45

Incident cancer 95/96,283 1.16 1.26 1.01-1.57 1.26 1.01-1.57 1.27 1.02-1.59

Abbreviations: AD, Alzheimer’s disease; CI, confidence interval; HR, hazard ratio; IR, incidence rate.

a
Number of dementia cases divided by follow-up time (person-years) in cancer group.

b
Per 1,000 person-years.

c
Adjusted for sex, race, and the presence of the APOE-ε4 allele, stratified by assessment center.

d
Further adjusted for education, Townsend deprivation index, and the number of clinic visits.

e
Further adjusted for BMI, ever used alcohol, physical activity, diabetes, and stroke, further stratified by ever smoked.
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Table 4:

Incident all-cause dementia, AD, and vascular dementia during five time periods after cancer diagnosis

Outcome
No. of events

/person-yearsa HR 95% CI HR 95% CI HR 95% CI

Model 1b Model 2c Model 3d

All-cause dementia

No cancer 2,640/1,432,923 1.00 ref. 1.00 ref. 1.00 ref.

0-1 years 65/16,960 1.83 1.42-2.35 1.80 1.40-2.31 1.83 1.42-2.36

1-5 years 147/60,253 1.04 0.88-1.24 1.03 0.87-1.22 1.03 0.87-1.23

5-10 years 163/57,353 1.10 0.93-1.29 1.06 0.90-1.25 1.04 0.88-1.23

10-20 years 190/63,426 1.10 0.95-1.28 1.04 0.90-1.21 1.04 0.89-1.22

>20 years 105/40,991 1.06 0.87-1.29 1.03 0.84-1.26 1.06 0.87-1.30

AD dementia

No cancer 1,222/1,437,116 1.00 ref. 1.00 ref. 1.00 ref.

0-1 years 35/17,018 2.22 1.57-3.12 2.18 1.55-3.08 2.16 1.52-3.08

1-5 years 57/60,454 0.88 0.68-1.16 0.88 0.67-1.15 0.87 0.66-1.15

5-10 years 64/57,600 0.94 0.73-1.21 0.92 0.71-1.19 0.91 0.70-1.18

10-20 years 78/63,710 0.91 0.72-1.16 0.88 0.70-1.12 0.88 0.69-1.13

>20 years 52/41,172 1.06 0.80-1.41 1.04 0.78-1.38 1.09 0.82-1.46

Vascular dementia

No cancer 664 /1,438,617 1.00 ref. 1.00 ref. 1.00 ref.

0-1 years 17/17,036 1.98 1.22-3.21 1.96 1.21-3.18 2.10 1.29-3.41

1-5 years 38/60,554 1.10 0.79-1.52 1.08 0.78-1.50 1.13 0.81-1.57

5-10 years 55/57,664 1.41 1.07-1.87 1.37 1.03-1.81 1.31 0.98-1.76

10-20 years 43/63,830 0.98 0.72-1.34 0.93 0.68-1.27 0.97 0.71-1.34

>20 years 33/41,209 1.26 0.87-1.83 1.22 0.84-1.78 1.28 0.87-1.87

Abbreviations: AD, Alzheimer’s disease; CI, confidence interval; HR, hazard ratio.

a
Number of dementia cases divided by follow-up time (person-years) in the cancer group.

b
Adjusted for sex, race, and the presence of the APOE-ε4 allele, stratified by assessment center.

c
Further adjusted for education, Townsend deprivation index, and the number of clinic visits.

d
Further adjusted for BMI, ever used alcohol, physical activity, diabetes, and stroke, further stratified by ever smoked.
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