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ABSTRACT 

Background and objectives: The association between patterns of physical/mental 

activity and dementia and how it is affected by disease susceptibility remains 

unknown. We aimed to examine the association between patterns of physical and 

mental activity and dementia, and whether it can be modified by disease susceptibility 

to dementia. 

Methods: In a prospective cohort study based on UK Biobank, 501,376 dementia-free 

participants were recruited in 2006-2010 and followed from one year after the 

recruitment date until the end of 2019 for ascertainment of dementia. Data on physical 

(i.e., physical activity at leisure time, housework-related activity, and transportation) 

and mental (i.e., intelligence, social contact, and use of electronic device) activity 

were collected using questionnaires at recruitment. Cox models were used to estimate 

the associations of physical and mental activity-related items, as well as major activity 

patterns identified by principal component analysis, with the risk of dementia, 

adjusted for multiple confounders. The modification role of disease susceptibility on 

such associations was assessed through stratified analyses by polygenic risk score 



 

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited 

(PRS) of dementia generated based on summary statistics of independent 

genome-wide association studies, by apolipoprotein E (APOE) genotype, and by 

self-reported family history of dementia.  

Results: The mean age at recruitment was 56.53, and 45.60 % of the participants 

were male. During a mean follow-up of 10.66 years, 5,185 dementia cases were 

identified. When analyzed separately, multiple studied items related to physical and 

mental activity showed significant associations with the risk of dementia. The pattern 

analyses revealed that higher level of adherence to activity patterns related to frequent 

vigorous and other exercises (hazard ratio [HR]=0.65, 95% confidence interval [CI] 

0.59-0.71), housework-related activity (0.79, 0.72-0.85) and friend/family visit (0.85, 

0.75-0.96) were associated with a lower risk of dementia. We obtained comparable 

results for vascular dementia and Alzheimer’s disease as well as in the stratified 

analyses by PRS for dementia, APOE genotype, or family history of dementia. 

Conclusion: Activity patterns more adherent to frequent vigorous and other exercises, 

housework-related activity, and friend/family visit were associated with a reduced risk 

of multiple types of dementia. Such associations are independent of disease 

susceptibility, highlighting the potential of these physical and mental activity patterns, 

as effective interventions, in the primary prevention of dementia. 

Keywords: dementia, physical activity, mental activity, principal component analysis, 

polygenic risk score 
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INTRODUCTION 

Dementia is one of the leading causes for dependence and disability among the elderly, 

affecting approximately 50 million people worldwide with nearly 10 million newly 

diagnosed cases per year1, 2. Previous studies have identified several potential risk 

factors, including educational level, smoking, obesity, alcohol drinking, hypertension, 

hearing impairment, depression, and diabetes for dementia2. Significant gaps remain 

however regarding the knowledge about modifiable risk factors and their potential 

role in the prevention of dementia. 

A growing body of evidence supports the role of physical activity in maintaining 

cognitive capacity and preventing dementia3, 4. Meta-analyses of observational studies 

consistently indicated an association between exercise and reduced risk of dementia5, 

especially Alzheimer’s disease6. However, due to the heterogeneity of physical 

activity measurements and methodologies (including sample size) of previous studies, 

knowledge about effective physical activity mode and intensity, in terms of dementia 

prevention, remains limited. One further concern is that multiple modes of physical 

activity are correlated and might interact with each other (i.e., persons who are 

physically active tend to have high levels of many types of physical activities). It is 

therefore necessary to consider such correlations and study overall patterns of 

physical activity. Similar attempts are also needed to elucidate the role of mental 

activity, such as visiting friends and playing computer games, on the risk of dementia, 

for which suggestive evidence has been provided in a few previous studies on 



 

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited 

cognition and brain health7-9.  

Disease susceptibility plays an important role in the development of dementia10, 11. 

For instance, the epsilon4 (ε4) allele of apolipoprotein E (APOE) gene has been 

identified as the most well-established genetic risk factor for late-onset Alzheimer’s 

disease12. In addition, numerous genome-wide association studies (GWAS) have 

recently uncovered more genetic variants associated with the risk of dementia13, 14, 

with an estimated disease heritability ranging from 13% to 80%15. Thus, explorations 

on potential modifiable risk factors for dementia need to take into consideration an 

individual’s inherent genetic susceptibility, with the aim to achieve better precision 

prevention.  

In the present study, based on enriched phenotype information from the 

community-based UK Biobank cohort, together with individual-level genotype data 

and complete follow-up data on medical diagnoses, we aimed to assess the 

associations between physical and mental activity and the subsequent risk of dementia. 

We further explored whether such associations would differ for individuals with 

different susceptibility to dementia. 

METHODS 

Data source and study design 

UK Biobank is an ongoing prospective cohort study which recruited over 500,000 

participants aged 40-69 years during 2006-2010 from England, Scotland and Wales16. 
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Information about sociodemographic characteristics, lifestyle factors (e.g., physical 

and mental activity), and medical and health conditions, as well as physical measures 

(e.g., anthropometry), was collected from all participants at recruitment. Data on 

medical diagnoses and survival status were derived by cross-linkage with multiple 

national health registers, including primary care, hospital inpatient, cancer, and death 

registers17. 

In the present study, among all 502,507 individuals in the UK Biobank, we 

excluded participants who withdrew their data (n=48), were diagnosed with dementia 

before recruitment (n=120), or had no available information on physical and mental 

activity (n=963) (Figure 1). Separate cohorts were constructed to analyze 30 different 

items of physical and mental activity measured at baseline, where participants with 

missing value for a specific item were removed from the analysis of this specific item. 

The remaining participants were then assigned into different groups according to their 

corresponding exposure levels (i.e., reference and exposed groups). Taking into 

consideration the potential diagnostic delay of dementia and thereby the risk of 

reverse causality (i.e., the self-reported physical and mental activities were influenced 

by preclinical symptoms of dementia)18, we started the follow-up for each participant 

from one year after the recruitment date (i.e., 1-year lag-time) until a diagnosis of 

dementia, death, or the end of study (i.e., 31 December 2019), whichever occurred 

first. The final analytic cohort included 501,376 participants.  

Standard protocol approvals, registrations, and patients 
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consents 

All UK Biobank participants signed informed consent before information collection 

and the study has full ethical approval from the NHS National Research Ethics 

Service (16/NW/0274). The present study (study protocol can be found in the 

supplement) was also approved by the biomedical research ethics committee of West 

China Hospital (reference number: 2019-1171). 

Measurements of physical and mental activity 

Physical activity was assessed by 21 items from the well-validated short self-reported 

International Physical Activity Questionnaire (IPAQ)19 at recruitment. There were five 

major categories, including physical activity at leisure time (i.e., strenuous sports, 

other exercise, walking for pleasure, and climbing a flight of stairs), 

housework-related activity (e.g., heavy DIY and light DIY), job-related activity (i.e., 

job involved standing or walking and job involved heavy manual or physical activity), 

transportation for work (i.e., by walk, cycle, car and public transport), and 

transportation for others (i.e., by walk, cycle, car and public transport). For specific 

physical activity within the first two categories, participants reported their attendance 

(yes or no), frequency (days/week) and duration (minutes/day). Additional 

information is available in eTable 1 in the Supplement.  

  We considered mental activity as conditions related to intelligence, social contact 

and electronic device use, adherent to definitions used in previous studies8, 20. 
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Specifically, in this study, items related to intelligence (i.e., educational level and 

attendance of adult education classes), social contact (i.e., attendance and frequency 

of friend/family visit, pub or social club visit, religious and other group activity), and 

use of electronic device (i.e., frequency of playing computer games, watching TV, and 

making or receiving calls on a mobile phone) were extracted from touchscreen 

questionnaires collected at baseline (eTable 1). 

Ascertainment of dementia  

We identified cases of dementia from the UK Biobank inpatient data, according to 

corresponding codes of International Classification of Diseases (ICD) coding system 

(eTable 2). We also analyzed subtypes of dementia, including vascular dementia, 

Alzheimer’s disease and other dementia (eTable 2). Diagnosis of dementia from UK 

Biobank inpatient data has previously been validated, showing a positive predictive 

value of 87.3% and 68.2% for any dementia and Alzheimer’s disease, respectively, 

compared with clinical expert adjudication of full-text medical records21.  

Disease susceptibility to dementia 

We assessed the disease susceptibility to dementia by polygenetic risk score (PRS) for 

dementia, APOE genotype, and family history of dementia. PRS, representing an 

individual’s load of common genetic variants to a specific trait, was estimated based 

on GWAS summary statistics of Alzheimer's disease from independent populations22. 

Specifically, based on the UK Biobank imputed genotype data, our analysis was 
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restricted to the autosomal biallelic SNPs. Variants with a call rate <98%, a minor 

allele frequency <0.01, or deviation from Hardy-Weinberg equilibrium (P<10-6) were 

removed from the analysis. We further excluded individuals with genotyping rate 

<98%, outlier samples based on abnormal heterozygosity level, and up to the second 

related individuals (kinship coefficient≥0.0884). The final analysis included 

6,099,107 SNPs for 376,869 participants. We computed PRSs under ten p value 

thresholds (i.e., 5 × 10-8, 1 × 10-6, 1 × 10-4, 1 × 10-3, 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5), 

using the weighted method described previously22. In a validated step, the PRS with 

the highest Nagelkerke’s squared (corresponding to a p threshold of 5 × 10-8 with 13 

included SNPs) was selected for further analysis, which showed an association with 

risk of dementia in our dataset (odds ratio=1.21, 95% confidence interval [CI] 

1.17-1.25 per one unit increase in PRS).   

Further, as the ε4 allele of APOE gene has been established as a genetic risk factor 

for late-onset Alzheimer’s disease, we determined the APOE genotype by APOE 

SNPs rs429358 and rs7412, where participants with 1 or 2 ε4 alleles were considered 

as APOE ε4 carriers and the others as APOE ε4 noncarriers23. In addition, family 

history of dementia was defined as dementia among any first-degree relative (father, 

mother and siblings) according to the self-report information at baseline. It was 

regarded as an index of joint effect of genetic background and early-upbringing 

environmental and lifestyle factors.  

Covariates 
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Data on demographic factors (sex, age, and race and ethnicity), socioeconomic factors 

(income and education), lifestyle (alcohol drinking and smoking status) were 

collected at baseline through questionnaires. Body mass index (BMI) was constructed 

from height and weight measured at the initial assessment center visit. Townsend 

deprivation index (TDI) was calculated based on the postcode of family address, 

representing levels of area-based deprivation24. Charlson comorbidity index (CCI) 

was calculated, as a proxy of baseline somatic fitness, summarizing the presence of 18 

medical conditions (see details in the eTable 2)25 based on UK Biobank inpatient data. 

As individuals with prevalent dementia were excluded from the analysis, the CCI 

calculation did not include dementia. In addition, we obtained information about 

history of hypertension and hyperlipidemia based on medical diagnoses from primary 

care and inpatient hospital data (eTable 2). Cognitive function was evaluated by 

validated fully-automated UK Biobank cognitive tests26 at recruitment. We used 

reaction time as an indicator of baseline cognitive function, with higher score 

associated with poorer overall performance.  

 

Statistical analysis 

Identification of patterns of physical and mental activity 

We identified patterns of physical and mental activity, using principal component 

analysis (PCA). Briefly, PCA provides low-dimensional information extracted from 

numbers of variables with high correlations, which thereby enables the identification 
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of distinct behavior patterns of major relevance, presented as significant principal 

components (PCs)27. The analysis was performed among 407,735 participants for 

physical activity, and 231,141 participants for mental activity, as individuals with any 

missing values were removed (Figure 1). We retained PCs with the highest 

eigenvalues and cumulatively explained variance over 50%. The PC score was 

calculated through integrating all included variables weighted by their factor loadings 

in this PC, with higher PC scores indicating greater adherence to the specific pattern. 

In the pattern analyses for each PC, the PC scores of all participants were ordered 

from the lowest to the highest, and categorized into low, moderate, and high groups 

according to tertile distribution (low:< 1st tertile, moderate: 1st-2nd tertile, and 

high: >2nd tertile). 

Phenotypic associations of physical and mental activity with subsequent 

dementia 

We assessed the associations between individual items of physical and mental activity, 

as well as patterns of physical and mental activity, and dementia using Cox regression 

models, represented as hazard ratios (HRs) and their 95% CIs. We first performed 

analysis for any dementia, and then for vascular dementia, Alzheimer’s disease, and 

other dementia. In all models, we adjusted for age (as continuous variable), sex (male 

or female), race and ethnicity (White, Asian, Black, Mixed, or unknown), TDI (as 

continuous variable), education (college/university degree: yes, no, or unknown), 

income (<£18,000, £18,000-£30,999, £31,000-£51,999, 
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£52,000-£100,000, >£100,000, or unknown), smoking and alcohol status (never, 

previous, current, or unknown), BMI (<18.5, 18.5-24.9, 25.0-29.9, ≥30.0 kg/m², or 

unknown), CCI (0 or ≥1), history of hypertension (yes or no), history of 

hyperlipidemia (yes or no), and family history of dementia (yes, no, or unknown). 

We also performed subgroup analysis by age group (≤65 years or >65 years), sex 

(male or female) and income level (<£18,000, £18,000-£51,999, or ≥£52,000).  

The modification role of disease susceptibility to dementia on the 

phenotypic associations 

To explore whether the associations between patterns of physical and mental activity 

and dementia might be modified by disease susceptibility, we performed stratified 

analyses by PRS for dementia (high: >2nd tertile or low: <1st tertile), APOE genotype 

(APOE ε4 carrier or noncarrier), and family history of dementia (with or without). 

Given that dementia patients who received ‘other dementia’ as the initial clinical 

diagnosis were likely to be re-classified as other subtypes of dementia later, we 

re-assessed the HRs for subtypes of dementia by allowing such a change in diagnosis 

during follow-up. Further, using a sample of 496,667 participants with available 

results of reaction time from cognitive tests, we conducted sensitivity analyses by 

either additionally adjusting for or stratifying the analysis by different cognitive 

performance levels at baseline (i.e., using tertiles of reaction time: high < 1st tertile, 

moderate 1st-2nd tertile, or low >2nd tertile), considering that cognitive decline may be 
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a prodromal phase of dementia28. To deal with the possible correlation between 

patterns of physical and mental activity, we repeated the pattern analyses of physical 

activity by additionally adjusting for all meaningful PCs of mental activity, and vice 

versa, among participants with data on all physical and mental activity-related items 

at baseline (n=199,045). In addition, to further test the robustness of our results to the 

concern of reverse causality18, we applied 5-year and 10-year lag time (i.e., started the 

follow-up 5 or 10 years after the recruitment date), instead of 1-year lag time as used 

in the main analysis.  

All data analyses were completed using R-4.0 software and Plink-1.9. A 2-tailed 

test with P < 0.05 was considered statistically significant.  

Data availability 

Data from the UK Biobank (http://www.ukbiobank.ac.uk/) are available to all 

researchers upon making an application.  

RESULTS 

The mean age at recruitment was 56.53, and 45.60% (228,555/501,376) of the 

participants were male. During a mean follow-up of 10.66 years, 5,185 cases of 

dementia were identified, including 803 cases of vascular dementia, 1,561 cases of 

Alzheimer's disease, and 2,697 cases of other dementia. Table 1 shows characteristics 

of participants with any or specific subtypes of dementia, and those without dementia. 

Compared to other participants, the participants who developed dementia during 
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follow-up were more likely to be older, male, have a history of hypertension or 

hyperlipidemia, and with lower socioeconomic status but higher BMI and CCI at 

baseline. Few differences regarding the characteristics were noted between 

individuals who developed different subtypes of dementia.  

Associations between items related to physical/mental 

activity and subsequent dementia 

For physical activity, a higher level of the most studied items was associated with a 

lower risk for dementia, with the strongest (represented by deeper degree of green 

color) association observed for items related to job-related activity and transportation 

(Figure 2 and eTable 3). For mental activity, while visiting pub or social club 

(HR=1.07, 95%CI 0.99-1.15) and watching TV (HR=1.07, 95%CI 1.05-1.09) seemed 

to be associated with a higher risk of dementia, the attendance of friend/family visit 

(HR=0.66, 95%CI 0.56-0.77) and other group activity (HR=0.91, 95%CI 0.85-0.98) 

was associated with a lower risk of dementia (Figure 2 and eTable 4). The result 

pattern was largely similar for different subtypes of dementia (eTable 3 and 4). 

Associations of identified physical or mental activity 

patterns with subsequent dementia  

In the PCA, five PCs, accounting for 50.2% of the total variance, were identified for 

physical activity (see eFigure 1 in the supplement). We labeled each pattern by its 

contributing factors with top loading values, which was then named as pattern most 
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related to ‘vigorous and other exercise at leisure time’, ‘housework-related activity’, 

‘transport-related activity’, ‘job-related activity’, and ‘walking for pleasure’, 

respectively. Similarly, we recognized four PCs for mental activity (accounting for 

52.5% of the total variance), named as patterns most related to ‘pub or social club 

visit’, ‘watching TV’, ‘attending other group activity/adult education classes’, and 

‘friend/family visit’ (eFigure 2). 

Figures 3 and 4 show the HRs and 95% CIs for any and different subtypes of 

dementia by different levels of adherence to each physical/mental activity pattern, 

using the low PC score group as the reference. For physical activity, we observed a 

lower risk of dementia in relation to a greater adherence to patterns related to frequent 

vigorous and other exercise (high vs low, HR=0.65, 95% CI 0.59-0.71) and 

housework-related activity (high vs low, HR=0.79, 95% CI 0.72-0.85), whilst null 

results were found for other identified patterns. Similar findings were noted for all 

subtypes of dementia. For mental activity, we observed a lower risk of dementia in 

relation to a greater adherence to the pattern of friend/family visit, with a HR of 0.85 

(95% CI 0.75-0.96) when comparing individuals with high vs low PC score. In the 

analysis of subtypes, a statistically significant association was only noted for other 

dementia (high vs low, HR=0.85, 95% CI 0.71-1.00). 

We obtained similar results across different groups of age at recruitment (eTable 5), 

sex (eTable 6), and income level (eTable 7).  

The modification role of disease susceptibility to dementia on the 
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observed associations 

The associations were largely comparable for individuals with high and low genetic 

risk of dementia, measured by PRS (Figure 5) or APOE genotype (eTable 8). For 

instance, the HR was 0.64 (95% CI 0.52-0.77) and 0.68 (95% CI 0.57-0.79) for a 

greater adherence to vigorous and other exercises pattern among individuals with low 

and high genetic risk for dementia, respectively. The corresponding HRs were 0.63 

(95%CI 0.54-0.72) and 0.68 (95%CI 0.59-0.78) among APOE ε4 carriers and 

noncarriers, respectively. Similar results were also noted among participants with and 

without a family history of dementia (e.g., for vigorous and other exercise pattern, 

HR=0.64 [95% CI 0.52-0.79] for individuals with family history of dementia and 

HR=0.69[95% CI 0.60-0.78] for individuals without, Figure 6). 

In sensitivity analyses, the observed estimates for subtypes of dementia remained 

identical after allowing a change in the initial ‘other dementia’ diagnosis (28.7% 

[763/2660] of other dementia cases experienced a changed diagnosis, see eTable 9). 

Further adjustment for or stratification by level of cognitive function at baseline did 

not change the results greatly (eTable 10 and 11). Likewise, re-assessing the HRs for 

PCs of physical activity by additionally adjusting for significant PCs of mental 

activity, and vice versa, led to largely similar results (eTable 12). We further obtained 

similar point estimates when 5- or 10-year lag time was used in the analyses of 

physical activity patterns. However, with reduced number of cases in these new 

lag-time analyses, no statistically significant association was noted in the analysis of 
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mental activity patterns (eTable 13).  

DISCUSSION 

Based on a large cohort of 501,376 UK Biobank participants, our study indicated that 

both physical and mental activity could influence the risk of dementia among the 

elderly. Particularly, we used PCA to identify distinct patterns of physical and mental 

activity based on correlated individual activity items, and found that individuals with 

a greater adherence to activity patterns related to frequent vigorous and other exercise 

at leisure time, housework-related activity, and friend/family visit had a reduced risk 

of multiple types of dementia. Furthermore, our findings based on the stratified 

analysis by PRS for dementia, APOE genotype, and family history of dementia 

consistently revealed that the protective role of these physical and mental activity 

patterns was present for all study participants, irrespective of different disease 

susceptibilities. This novel finding highlights the potential of physical and mental 

activity interventions in the primary prevention of dementia for the general 

population. 

Our finding of a decreased risk of dementia among individuals with a higher level 

of physical activity is consistent with previous studies. For instance, individuals with 

the highest level of physical activity were noticed to have a 28% decreased risk for 

dementia (45% for Alzheimer's disease), compared to those with the lowest level, in a 

meta-analysis of 163,797 individuals from 16 studies29. Similarly, another 

meta-analysis of 15 prospective studies involving 33,816 individuals concluded that 
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physical activity could protect nondemented individuals against cognitive decline 

during a follow-up of 1-12 years30. However, null findings have also been reported31. 

A few randomized controlled trials (RCTs) failed to indicate cognitive benefit from 

aerobic exercise for cognitively healthy participants32. Besides the heterogeneity in 

the measurement or definition of physical activity exposures (e.g., type, frequency, 

and duration), the limited sample size and follow-up period, particularly in RCTs, and 

the incomplete consideration of other important factors, such as other lifestyle factors 

and disease susceptibility, might have contributed to the inconsistent results. 

Moreover, every individual has multiple types of physical activity in their daily life 

which closely correlate and interact. Although attempts have been made to explore the 

most beneficial types of physical activity33, limited attention has been given to the 

interactions between physical activity-related factors. In the present study, we applied 

the cluster analysis to identify patterns of physical activity, instead of using individual 

items separately, for the association analyses. Indeed, despite of significant results 

observed for most studied items of physical activity, only vigorous and other exercise 

at leisure time and housework-related activity were associated with a reduced risk of 

dementia, after considering overall physical activity pattern (i.e., the exposure level of 

other physical activities of the same individual). In addition, it is worthwhile to note 

that although physical activity might be a possible preventive measure in the 

pre-dementia stage, the role of vigorous activity among clinically diagnosed dementia 

patients remains less clear34, 35. For example, a recent multicenter randomized clinical 

trial of 494 patients with dementia indicated potentially greater cognitive impairment 
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among dementia patients who received a 12-month aerobic and strength exercise 

program, compared with the controls, although the difference between the 

intervention and control groups was relatively small and not statistically significant35. 

Similar phenomenon was noted in the analysis of mental activity. While multiple 

mental activity-related factors showed negative associations with dementia when 

analyzed separately (e.g., high educational attainment as noted in previous reports36), 

only the pattern featured by frequent friend/family visit was linked to reduced risk of 

dementia in the analysis of mental activity pattern. Together with our novel finding 

that the protective effect of these physical and mental activity patterns did not differ 

by disease susceptibility to dementia, these results highlight the importance of leisure 

time physical exercise, housework-related activity, and active social contact in the 

prevention of dementia for elderly population.     

  The underlying mechanisms linking physical activity with a decreased risk of 

dementia remain unknown. Several possible explanations have been proposed, 

including the neuroprotective effect of physical exercise possibly through promoting 

release of brain-derived neurotrophic factors37,38. Also, regular aerobic exercise may 

improve cerebral blood flow and thus reduce the development of age-associated 

decline39. In addition, exercise has been proven to have antioxidant effects40 and may 

consequently delay the oxidative damage in brain, which is the hallmark of dementia 

pathogenesis41. Further, physical activity can indirectly influence other modifiable 

factors for cognitive function, including obesity, hypertension, insulin resistance, 



 

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited 

depression, and cardiovascular fitness42, 43. Finally, our results of mental activity 

pattern reinforce the benefit of social contact (e.g., friend/family visit), as social 

isolation might directly result in cognitive inactivity or faster cognitive decline44, and 

indirectly influence functions of brain though increasing the risk of cardiovascular 

disease45 and depression46. 

   The major merit of our study is the use of the UK Biobank data, a database with a 

community-based cohort design, detailed data on physical and mental activity and 

other lifestyle factors, and a complete follow-up of more than 10 years. The large 

sample size enables the performance of important subgroup analyses. For instance, 

although the study cohort was relatively young, the age-specific analysis showed 

similar results between individuals at 65 or younger and those above 65 at baseline, 

suggesting that the associations noted in the present study are likely applicable to both 

early- and late-onset dementia. The collection of physical and mental activity data and 

dementia was conducted independently, minimizing the risk of differential 

information bias. In addition, besides a screening on the associations for all relevant 

items of physical and mental activity, we used PCA to detect the specific patterns of 

physical and mental activity in the study population which allowed the consideration 

of multiple activity-related items simultaneously. Moreover, we were able to consider 

the disease susceptibility to dementia by level of PRS or APOE genotype (based on 

individual-level genotype data) and family history of dementia (self-reported) which 

demonstrated a universal importance of physical and mental activity patterns on 

dementia among individuals with different disease susceptibility. Last, with the 
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availability of enriched information from the comprehensive questionnaire surveys, 

we were able to control for a wide range of important factors, including different 

cognitive performance level at baseline.  

Notable limitations include the measurement of physical and mental activity 

based on self-reported questionnaire at recruitment, leading to the concern of 

information bias due to recall or lack of repeated measurements. Further studies, with 

objective and repeated surveillance on physical and mental activity, are warranted. 

Second, as diagnostic delay is common for dementia, the observed associations were 

subject to reverse causality, although we applied 1-year lag time in the main analyses. 

However, such concern should have been partially released by the similar results 

obtained in the sensitivity analyses using 5- or 10-year lag time. Further, the accuracy 

of dementia subtype diagnosis is likely unsatisfactory, which might have led to a 

concern of misclassification between subtypes of dementia, particularly between 

vascular and other dementias. In our data, we found that approximately 30% of other 

dementia cases received a diagnosis of another dementia subtype during follow-up. 

This does however not seem to influence our results. Anyway, future studies with 

accurate classification of dementia subtypes are still warranted. Last, the UK Biobank 

participants are not representative of the general UK population, given that its 

baseline survey has a low response rate (6% of the invited individuals participated in 

the study)47, 48. However, despite of such a bias, the reproducibility of findings from 

UK Biobank-based risk factor studies, such as those focusing on cardiovascular 

disease and cancer outcomes, has been shown as satisfactory49. Regardless, the 
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generalizability of our findings to the whole UK or other populations needs to be 

tested. 

In conclusion, based on the longitudinal cohort of UK Biobank, a greater 

adherence to a physical activity pattern of frequent vigorous and other exercise or 

housework-related activity, and a greater adherence to a mental activity pattern of 

friend/family visit, are associated with a lower risk of multiple types of dementia. 

Moreover, as the suggested protective effects of these activity patterns were 

consistently observed among individuals with different disease susceptibilities, such 

findings further underscore the potential of these identified physical and mental 

activity patterns, as effective interventive strategies, for the primary prevention of 

dementia among the general population. 
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Tables 

Table 1. Characteristics of the study cohort, by the presence of any or specific 

subtypes of dementia status during follow-up  

Characteristics Dementia-free Dementia 
Vascular 
dementia 

Alzheimer's 
disease 

Other dementia 

 N=496,191 N=5,185 N=803 N=1,561 N=2,697 

Age at baseline (y),  
mean (SD)  

56.45(8.08) 64.17(4.90) 64.79(4.40) 64.51(4.28) 63.95(5.23) 

Follow up time (y),  
mean (SD) 

10.69(1.47) 7.90(2.59) 7.94(2.60) 7.95(2.51) 7.86(2.64) 

Sex (%) 
     

Female 270400(54.5) 2421(46.7) 332(41.3) 819(52.5) 1216(45.1) 

Male 225791(45.5) 2764(53.3) 471(58.7) 742(47.5) 1481(54.9) 

Race and ethnicity* (%) 
     

White 
Asian 
Black 

467604(94.2) 
11359(2.3) 
7969(1.6) 

4937(95.2) 
84(1.6) 
88(1.7) 

765(95.3) 
10(1.2) 
16(2.0) 

1499(96.0) 
22(1.4) 
22(1.4) 

2554(94.7) 
49(1.8) 
48(1.8) 

Mixed 2933(0.6) 22(0.4) 4(0.5) 7(0.4) 11(0.4) 

Unknown 1800(0.4) 25(0.5) 2(0.2) 5(0.3) 18(0.7) 
Townsend deprivation index, 
mean (SD) 

-1.30(3.09) -0.85(3.35) -0.58(3.52) -1.12(3.24) -0.76(3.37) 

Income, n (%) 
     

<£18,000 95346(19.2) 1799(34.7) 320(39.9) 523(33.5) 928(34.4) 

£18,000-£30,999 106982(21.6) 1167(22.5) 160(19.9) 363(23.3) 616(22.8) 

£31,000-£51,999 110204(22.2) 543(10.5) 75(9.3) 160(10.2) 291(10.8) 

£52,000-£100,000 86002(17.3) 247(4.8) 32(4.0) 66(4.2) 132(4.9) 

>£100,000 22866(4.6) 61(1.2) 6(0.7) 16(1.0) 33(1.2) 

Unknown 74791(15.1) 1368(26.4) 210(26.2) 433(27.7) 697(25.8) 

Education: college/university degree 
     

Yes 160112(32.3) 1007(19.4) 124(15.4) 291(18.6) 547(20.3) 

No 243726(49.1) 2142(41.3) 329(41.0) 670(42.9) 1091(40.5) 

Unknown 92353(18.6) 2036(39.3) 350(43.6) 600(38.4) 1059(39.3) 

Body mass index, kg/m2, n (%) 
     

<18·5 2456(0.5) 37(0.7) 7(0.9) 7(0.4) 22(0.8) 

18·5-24·9 158272(31.9) 1506(29.0) 183(22.8) 491(31.5) 784(29.1) 

25-29·9 210911(42.5) 2126(41.0) 303(37.7) 671(43.0) 1111(41.2) 

≥30 121885(24.6) 1449(27.9) 300(37.4) 380(24.3) 739(27.4) 

Unknown 2667(0.5) 67(1.3) 10(1.2) 12(0.8) 41(1.5) 

Smoking status, n (%) 
     

Never 271080(54.6) 2357(45.5) 318(39.6) 765(49.0) 1214(45.0) 

Previous 170789(34.4) 2207(42.6) 377(46.9) 652(41.8) 1127(41.8) 

Current 52370(10.6) 580(11.2) 101(12.6) 131(8.4) 335(12.4) 

Unknown 1952(0.4) 41(0.8) 7(0.9) 13(0.8) 21(0.8) 

Alcohol status, n (%) 
     

Never 21996(4.4) 370(7.1) 60(7.5) 116(7.4) 190(7.0) 

Previous 17697(3.6) 393(7.6) 71(8.8) 99(6.3) 214(7.9) 

Current 455819(91.9) 4405(85.0) 668(83.2) 1340(85.8) 2286(84.8) 
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Unknown 679(0.1) 17(0.3) 4(0.5) 6(0.4) 7(0.3) 

Charlson comorbidity index, n (%) 
     

0 433715(87.4) 3747(72.3) 471(58.7) 1207(77.3) 1965(72.9) 

≥1 62476(12.6) 1438(27.7) 332(41.3) 354(22.7) 732(27.1) 

History of hypertension, n (%) 
     

 Yes 50163(10.1) 1267(24.4) 298(37.1) 334(21.4) 620(23.0) 

 No 446028(89.9) 3918(75.6) 505(62.9) 1227(78.6) 2077(77.0) 

History of hyperlipidemia, n (%) 
     

 Yes 73031(14.7) 1544(29.8) 304(37.9) 440(28.2) 785(29.1) 

 No 423160(85.3) 3641(70.2) 499(62.1) 1121(71.8) 1912(70.9) 

Family history of dementia, n (%) 
     

Yes 57342(11.6) 1063(20.5) 150(18.7) 404(25.9) 482(17.9) 

No 349149(70.4) 2624(50.6) 394(49.1) 749(48.0) 1416(52.5) 

Unknown 89700(18.1) 1498(28.9) 259(32.3) 408(26.1) 799(29.6) 
* The specific numbers and percentages for categories that so small as to potentially identify 

study participants were not reported. 
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Figure legends 

Figure 1 Flow chart of the study 

*Caucasian ancestry refers to a genetic ethnic group, involving individuals who self-identified 

as 'White British' and have very similar genetic ancestry based on a principal components 

analysis of the genotypes. 
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Figure 2 Hazard ratios (HRs) for the associations between all items of physical and 

mental activity and dementia 

*Watching TV was regarded as a continues variable. 

†HRs were derived from Cox regression models, adjusted for age, sex, race and 

ethnicity, Townsend deprivation index, income, body mass index, smoking status, 

alcohol status, Charlson comorbidity index, history of hypertension, history of 

hyperlipidemia, and family history of dementia. 
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Figure 3 Associations between physical activity patterns and any or specific subtypes 

of dementia 

CI, confidence interval; IR, incidence rate; HR, hazard ratio; Ref, reference. 

*HRs and 95% CIs were derived from Cox regression models, adjusted for age, sex, 

race and ethnicity, Townsend deprivation index, education, income, body mass index, 

smoking status, alcohol status, Charlson comorbidity index, history of hypertension, 

history of hyperlipidemia, and family history of dementia. 
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Figure 4 Associations between mental activity patterns and any or specific subtypes of 

dementia 

CI, confidence interval; IR, incidence rate; HR, hazard ratio; Ref, reference. 

*HRs and 95% CIs were derived from Cox regression models, adjusted for age, sex, 

race and ethnicity, Townsend deprivation index, education, income, body mass index, 

smoking status, alcohol status, Charlson comorbidity index, history of hypertension, 

history of hyperlipidemia, and family history of dementia. 
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Figure 5 Associations of physical and mental activity patterns with dementia among 

individuals with different levels of disease susceptibility  

CI, confidence interval; IR, incidence rate; HR, hazard ratio; PRS, polygenic risk 

score; Ref, reference 

*HRs and 95% CIs were derived from Cox regression models, adjusted for age, sex, 

race and ethnicity, Townsend deprivation index, education, income, body mass index, 

smoking status, alcohol status, Charlson comorbidity index, history of hypertension, 

and history of hyperlipidemia.  
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Figure 6 Associations of physical and mental activity patterns with dementia among 

individuals with and without a self-reported family history of dementia  

CI, confidence interval; IR, incidence rate; HR, hazard ratio; Ref, reference 

*HRs and 95% CIs were derived from Cox regression models, adjusted for age, sex, 

race and ethnicity, Townsend deprivation index, education, income, body mass index, 

smoking status, alcohol status, Charlson comorbidity index, history of hypertension, 

and history of hyperlipidemia.  
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