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Abstract.10

Background: Studies have suggested that mentally stimulating activities and socially engaged lifestyles may reduce dementia
risk; however, it is unclear which activities are more beneficial.
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Objective: We investigated intellectual and social leisure activities in relation to dementia incidence and explored the
modifying role of sex and marital status in these associations.
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Methods: The sample was comprised of 8,030 participants aged 50+ from the English Longitudinal Study of Ageing, who
joined at wave 1 (2002-2003), or waves 3 (2006-2007), or 4 (2008-2009). The end of the study period was wave 8 (2016-
2017). Subdistribution hazard models investigated the role of leisure activities grouped into intellectual and social domains
in relation to dementia while accounting for the risk of death. Subsequent analyses were conducted with individual leisure
activities.
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Results: During the study period of up to 15 years, 412 participants developed dementia, and 2,192 died. We found that
increased engagement in the intellectual activities’ domain was associated with a decreased dementia incidence (SHR 0.85,
95% CI 0.76–0.96, p = 0.007), independent of the risk of death in married individuals, but not in those who were single,
divorced, or widowed. Individual analyses for each leisure activity showed independent associations for reading newspapers
in females (SHR 0.65, 95% CI 0.49–0.84, p = 0.001), mobile phone usage in males (SHR 0.61, 95% CI 0.45–0.84, p = 0.002),
and having hobbies for married individuals (SHR 0.70, 95%CI 0.51–0.95, p = 0.02).
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Conclusion: We found that intellectual leisure activities contribute to lower dementia risk in a representative population of
English adults, suggesting intervention opportunities.
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INTRODUCTION29

Dementia continues to represent a significant cause30

of disability and one of the leading causes of death for31
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older individuals [1]. With no medical cure available 32

to date, and an increasingly aging population, under- 33

standing dementia’s modifiable protective factors is a 34

public health priority. Lifestyle-related factors have 35

been found to play a crucial role in modifying the 36

risk of dementia, particularly for those activities 37

that improve the brain’s resilience. Cognitive reserve 38
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has been proposed as the brain’s inbuilt resilience39

mechanism which mediates between brain pathol-40

ogy and the clinical manifestation of that damage41

[2]. Hence, improving cognitive reserve capacity42

through healthy lifestyle choices represents a promis-43

ing preventive avenue against dementia development44

[3].45

Leisure time activities, described as activities46

that are independent of work and the purpose of47

which is enjoyment or well-being [4], appear to48

have an essential role in maintaining brain health49

and contributing to cognitive reserve capacity [5].50

Previous research has shown that engagement in51

physical, intellectual, and social leisure activities52

contribute to cognitive reserve and, thus, to a reduced53

dementia risk [6, 7]. This evidence has also sug-54

gested possible pathways, with intellectual and social55

activities having direct protective effects on brain56

health through their contribution to cognitive reserve57

[5, 8], whereas physical activity appears to have58

an indirect role in the brain through cardiovascu-59

lar protection [9]. Furthermore, previous research60

has found that people engage in different types of61

leisure according to age, gender, and marital sta-62

tus [10, 11]. It has been suggested that participation63

in physical activities decreases with age for both64

genders [10]. In contrast, intellectual and social activ-65

ities show more stability and even an increased66

engagement for females [10] and married individ-67

uals [12]. Hence, intellectual and social activities68

appear to be suitable for dementia prevention in aging69

populations.70

Most research examining the relationship between71

engagement in intellectual and social leisure acti-72

vities and dementia has been carried out cross-73

sectionally or longitudinally with relatively shorter74

follow-up periods, positing the issue of reverse75

causality [13]. Moreover, it is still unclear which spe-76

cific activities affect cognition to a greater degree and77

whether the favorable effects of a healthy lifestyle on78

the brain are independent of sex, marital status, and79

the risk of death.80

We used data from a population-based cohort of81

older adults living in England to investigate engage-82

ment in intellectual and social leisure activities and83

dementia risk, while accounting for the risk of death84

over a follow-up period of up to 15 years. We explored85

the modifying roles of sex and marital status in the86

relationship between leisure activities and dementia87

incidence. Additionally, we examined the role of each88

social and intellectual leisure activity on dementia89

risk.

METHODS 90

Study population 91

The data were extracted from the English Lon- 92

gitudinal Study of Ageing (ELSA), a longitudinal 93

observational study of a representative sample of 94

people living in England, aged fifty years and older 95

[14]. Data collection has been carried out every two 96

years since 2002, using computer-assisted personal 97

interviewing (CAPI). The study sample is refreshed 98

periodically with new participants to maintain the age 99

structure of 50 and older. The baseline for the present 100

analysis was either wave 1 (2002-2003) for those core 101

members who started the study at this initial stage, or 102

waves 3 (2006-2007) or 4 (2008-2009) for those who 103

joined the study as refreshment samples. At the time 104

of this analysis, the latest available data were wave 8 105

(2016-2017), ensuring a follow-up period of up to 15 106

years for those who joined at wave 1 (n = 7,733); up to 107

11 years for those who joined as refreshment sample 108

at wave 3 (n = 92); and up to 9 years for those who 109

joined as refreshment sample at wave 4 (n = 205). See 110

Fig. 1 for the flow chart of the analytical sample. Par- 111

ticipants with dementia at their baseline assessments 112

were excluded. 113

Ethical approval for data collection in ELSA was 114

granted by the National Research Ethics Service 115

(London Multicentre Research Ethics Committee) in 116

accordance with the Declaration of Helsinki. All par- 117

ticipants provided informed consent. 118

Measures 119

Dementia ascertainment 120

Dementia was determined at each wave using an 121

algorithm based on a combination of a positive self- 122

reported or informant reported physician diagnosis 123

of dementia or a score above the threshold of 3.38 124

(specificity = 0.84 and sensitivity = 0.82) [15] on the 125

16-question Informant Questionnaire on Cognitive 126

Decline in the Elderly (IQCODE) [16]. When indi- 127

viduals were not able to participate personally in the 128

interview, the IQCODE questionnaire was adminis- 129

tered to a family member or caregiver, who evaluated 130

the changes in everyday cognitive function (e.g., 131

remembering names of family members) compared 132

to 2 years ago. Each IQCODE item is scored from 1 133

(much improved) to 5 (much worse). In the present 134

study, 133 (32%) of 412 cases of dementia were 135

classified with dementia via higher scores on the 136

IQCODE scale.
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Fig. 1. Flowchart of participants selected for the current analyses from the English Longitudinal Study of Ageing. ∗Numbers of excluded
participants are non-mutually exclusive.

Leisure activities137

The 13 individual leisure activities were extracted138

at baseline from various questionnaires enquiring139

about cultural engagement, community engagement,140

and participation in various recreational activi-141

ties. The questions had different answer categories,142

including binary measures or frequency of par-143

ticipation. Therefore, we regrouped all answers144

into binary responses, so one point was allocated145

for each individual activity. Activities that cap-146

tured similar measures, such as ‘participation in147

social activities’ and ‘meeting with friends’, were148

clustered into a single variable (see Supplemen-149

tary Table 1). The activities were then classified150

as intellectually stimulating or socially stimulating151

leisure activities, resulting in two aggregate scores152

reflecting the total number of activities participants153

engage in.154

Intellectual leisure activities. The intellectual155

domain of leisure activities was composed of the fol-156

lowing 6 individual activities: reading newspapers;157

having a hobby or pastime; using a mobile phone;158

using the internet or email; attending art or music 159

groups; and cultural engagement. 160

Social leisure activities. The social domain of 161

leisure activities contained a total of 7 individ- 162

ual activities including membership to sports clubs; 163

church groups; looking after others (e.g., grandchil- 164

dren); belonging to political or union group, neigh- 165

borhood group, environmental group, or any other 166

organization; engaging with charitable associations 167

and/or volunteering; belonging to a social club and/ 168

or meeting with friends; and taking holidays in the 169

UK, holidays abroad and/or day trips. 170

Covariates 171

Sex and marital status (categorized as married, 172

single/divorced, and widowed) were identified as 173

covariates as well as possible moderators. Socioe- 174

conomic covariates were captured through education 175

and wealth. Health conditions were assessed through 176

physician diagnoses of coronary heart disease, stroke, 177

hypertension, diabetes. Depressive symptoms were 178
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ascertained with the 8- item Center for Epidemio-179

logic Studies Depression Scale (CES-D), which is180

designed to measure depressive symptomatology in181

the general population [17]. Finally, lifestyle behav-182

iors (physical activity, smoking, and alcohol intake)183

were also considered.184

Statistical analysis185

Descriptive statistics for those who remained186

dementia-free and those who develop dementia dur-187

ing the study period were carried out by level of188

engagement in intellectual and social leisure activ-189

ities and covariates, using independent sample t-tests190

for continuous measures (leisure activity domains191

and CES-D) and Pearson chi-square test for categor-192

ical variables.193

To investigate the relationship between the leisure194

activity categories and dementia incidence, while195

considering the competing risk of death, we em-196

ployed Fine and Gray proportional subdistribution197

hazard models [18]. For participants who consented198

to data linkage, mortality data records up to Decem-199

ber 2018, were obtained from the National Health200

Service central register. Survival age was used as the201

underlying time variable. Survival age was derived202

using survival time, which was calculated using the203

participants’ baseline age until the age they reported204

dementia diagnosis or the end of the study period205

(i.e., last wave before dropout or wave 8). Two sep-206

arate analyses were carried out for the intellectual207

and social leisure activity domains; each domain208

was defined as the number of activities performed209

(i.e., count variables). Additional individual analy-210

ses were carried out for each of the 13 individual211

leisure activities. The frequency of participation was212

used when available, such as cultural engagement213

(i.e., never, less than once a year, once or twice a214

year, every few months), volunteering (i.e., never,215

less than once a year or up to twice a year, every216

few months), and meeting with friends (i.e., never,217

once or twice a month, once or twice a week, three218

or more times a week). All other leisure activities219

were grouped into participation versus no partici-220

pation (binary). Sub-hazard ratios (SHR) and their221

respective 95% confidence intervals (CI) were cal-222

culated using 4 models: Model 1 adjusted for sex223

and marital status; model 2 also included education224

and wealth; model 3 further adjusted for health con-225

ditions including depressive symptoms; and model226

4 further adjusted for lifestyle behaviors. We addi-227

tionally explored interactions with sex and marital228

status with all predictor variables. All explorations 229

were carried out using complete case analysis. 230

Several sensitivity analyses were carried out to 231

assess the dementia diagnosis procedure, the vary- 232

ing study entries, and data missingness. The first 233

sensitivity analysis addressed the different classifica- 234

tions of dementia diagnosis (i.e., doctor diagnosis and 235

IQCODE scores) by excluding participants that were 236

classified as having dementia through the IQCODE 237

score. The second sensitivity analysis addressed the 238

varying baseline assessments by excluding partici- 239

pants who joined the study as refreshment samples 240

at waves 3 or 4. The final sensitivity analyses were 241

conducted to assess the impact of missing data 242

by performing multiple imputations using chained 243

equations and repeating the analyses for the leisure 244

domains. 245

All analyses were weighted using the baseline 246

cross-sectional weights derived in ELSA to ensure 247

the sample is representative of the English population. 248

All analyses were conducted in Stata MP, Version 16 249

(Stata Corp). Statistical significance was at or below 250

the 0.05 level. 251

RESULTS 252

Descriptive statistics 253

The analytical sample was comprised of 8,030 par- 254

ticipants (81, 726.92 person-years) with an average 255

baseline age of 63.8 (SD = 9.60) years. The sample 256

consisted of 3,568 (44%) males and 4,462 (56%) 257

females. At the time of the event or last wave of 258

follow-up, the mean age for all participants was 74 259

(SD = 9.31) years, ranging from 52 to 102. 260

From the overall sample, 412 participants were 261

diagnosed with dementia, accounting for 5.13% 262

cumulative incidence during the 15-year follow- 263

up period. The group of individuals with dementia 264

included 180 (44%) males and 232 (56%) females 265

with a median age of 81 (SD = 8.22) years at the time 266

of dementia diagnosis. Furthermore, 2,192 (27%) 267

participants died within the study period, with a mean 268

age at death of 81 (SD = 9.53) years. From this group, 269

274 died after receiving a dementia diagnosis. 270

Initial statistical investigation showed that par- 271

ticipants who developed dementia were older, had 272

less education, were more likely to be widowed, 273

and were diagnosed with comorbidities at baseline 274

(see Table 1). The group of participants who devel- 275

oped dementia generally engaged in less intellectual 276

and social leisure activities than those who did not 277
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Table 1
Baseline characteristics of participants with and without dementia

at follow-up

Characteristics No dementia Dementia p
(n = 7,618) (n = 412)

Age: 50–59 3,224 (42%) 37 (9%) < 0.001
60–69 2,382 (31%) 114 (28%)
70–79 1,501 (20%) 156 (38%)
≥80 511 (7%) 105 (25%)

Sex: Male 3,388 (44%) 180 (44%) 0.755
Female 4,230 (56%) 232 (56%)

Marital status: Married or
remarried

5,258 (69%) 243 (59%) < 0.001

Single/Divorced or
legally separated

1,249 (16%) 48 (12%)

Widowed 1,111 (15%) 121 (29%)
Education: Higher

education
2,014 (26%) 70 (17%) < 0.001

A-levels 1,887 (25%) 78 (19%)
< A-levels 345 (5%) 22 (5%)
Foreign/other 673 (9%) 39 (10%)
No qualification 2,699 (35%) 203 (49%)

Wealth: 5 (highest) 1,118 (15%) 98 (24%) < 0.001
4 1,411 (19%) 77 (19%)
3 1,558 (20%) 93 (22%)
2 1,705 (22%) 70 (17%)
1 (lowest) 1,826 (24%) 74 (18%)

CHD: No 6,904 (91%) 333 (81%) < 0.001
Yes 714 (9%) 79 (19%)

Stroke: No 7,392 (97%) 382 (93%) < 0.001
Yes 226 (3%) 30 (7%)

Hypertension: No 4,900 (64%) 228 (55%) < 0.001
Yes 2,718 (36%) 184 (45%)

Diabetes: No 7,145 (94%) 375 (91%) 0.025
Yes 473 (6%) 37 (9%)

Depressive symptoms
(CES-D) ∗

1.40(1.85) 1.91 (1.99) < 0.001

Physical Activity:
Sedentary

1,084 (14%) 110 (27%) < 0.001

1 1,114 (15%) 81 (20%)
2 2,296 (30%) 119 (29%)
3 1,590 (21%) 63 (15%)

Active 1,534 (20%) 39 (9%)
Smoke: No 6,325 (83%) 355 (86%) 0.097

Yes 1,293 (17%) 57 (14%)
Alcohol: 1-2 month/never 2,851 (37%) 194 (47%) < 0.001

1-2 week/daily 4,767 (63%) 218 (53%)
Newspaper: No 2,308 (30%) 133 (32%) 0.394

Yes 5,310 (70%) 279 (68%)
Hobby: No 1,340 (18%) 106 (26%) < 0.001

Yes 6,278 (82%) 306 (74%)
Phone: No 2,792 (37%) 237 (57%) < 0.001

Yes 4,826 (63%) 175 (43%)
Internet: No 4,855 (64%) 342 (83%) < 0.001

Yes 2,763 (36%) 70 (17%)
Cultural engagement:

Never
4,704 (62%) 311 (75%) < 0.001

Less than once a year 1,430 (19%) 52 (13%)
Once or twice a year 1,074 (14%) 30 (7%)
Every few months 410 (5%) 19 (5%)

Art or music groups: No 6,476 (85%) 358 (87%) 0.295
Yes 1,142 (15%) 54 (13%)

Sports clubs: No 5,977 (78%) 363 (88%) < 0.001
Yes 1,641 (22%) 49 (12%)

Church: No 5,940 (78%) 294 (71%) 0.002
Yes 1,678 (22%) 118 (29%)

Look after others: No 5,951 (78%) 349 (85%) 0.002
Yes 1,667 (22%) 63 (15%)

Table 1
Continued

Characteristics No dementia Dementia p
(n = 7,618) (n = 412)

Club or organization: No 4,134 (54%) 239 (58%) 0.137
Yes 3,484 (46%) 173 (42%)

Volunteering: Never 5,202 (68%) 309 (75%) 0.004
Once to twice a year or

less
457 (6%) 12 (3%)

Every few months or
more

1,959 (26%) 91 (22%)

Social club: No 5,958 (78%) 324 (79%) 0.836
Yes 1,660 (22%) 88 (21%)

Meeting friends: Every few
months or never

1,182 (15%) 72 (17%) 0.390

Once or twice a month 1,879 (25%) 99 (24%)
Once or twice a week 3,288 (43%) 164 (40%)
Three or more times a

week
1,269 (17%) 77 (19%)

Travel: No 809 (11%) 77 (19%) < 0.001
Yes 6,809 (89%) 335 (81%)

Intellectual leisure
activities domain∗

3.08 (1.39) 2.46 (1.31) < 0.001

Social leisure activities
domain∗

3.20 (1.37) 2.94 (1.38) < 0.001

Data displayed as n (%) or ∗means ± SD CHD, coronary heart
disease; CES-D, Center for Epidemiologic Studies Depression
Scale.

develop dementia. The percentages of the baseline 278

sample engaging in each leisure activity are also pre- 279

sented in Table 1. 280

Survival analyses 281

The variance inflation factor for all variables 282

included in these analyses was < 1.39, suggesting 283

no multicollinearity since values greater than 2.5 284

are considered high. The highest correlation was a 285

moderate-low association between cognitive leisure 286

activities and education (r = 0.43, p < 0.001). Using 287

the Schoenfeld residuals, it was found that the cog- 288

nitive leisure and social leisure domains met the 289

proportional hazard assumption. 290

The intellectual domain of leisure activities 291

At baseline, most participants (70%) engaged in 2 292

to 4 intellectual activities, with only 3% of the par- 293

ticipants reporting no engagement in any intellectual 294

leisure activities and 4% participating in 6 activities 295

(see Supplementary Figure 1). 296

The competing risk regression showed a significant 297

association between intellectual leisure activities and 298

dementia after controlling for all covariates (SHR: 299

0.91, 95% CI 0.83–0.99, p = 0.003). This model also 300

showed a positive association for increased depres- 301

sive symptomatology (Model 4 SHR: 1.08, 95% 302

CI 1.02–1.23, p = 0.004) and dementia incidence, 303

and a negative significant association with increased 304
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Table 2
Sub-hazard ratios and 95% confidence intervals of the competing risk models indicating the incidence of dementia for engagement in leisure

activities

Domains N Model 1 Model 2 Model 3 Model 4

Intellectual leisure activities
Married 5,501 0.80 (0.73–0.89)∗∗ 0.83 (0.74–0.92)∗∗ 0.84 (0.76–0.94)∗ 0.85 (0.76–0.96)∗
Single or divorced 1,297 0.99 (0.79–1.24) 0.99 (0.77–1.27) 1.07 (0.84–1.36) 1.11 (0.85–1.45)
Widowed 1,232 0.96 (0.82–1.11) 0.96 (0.82–1.13) 0.97 (0.83–1.14) 0.98 (0.83–1.17)

Social leisure activities 8,030 0.92 (0.86–0.99)∗ 0.95 (0.88–1.03) 0.97 (0.89–1.04) 0.98 (0.90–1.06)

Intellectual leisure activities are stratified by marital status. Model 1: Sex and marital status. Model 2: Model 1 + education and wealth.
Model 3: Model 2 + physical health covariates and depression. Model 4: Model 3 + lifestyle factors. ∗p < 0.05, ∗∗p ≤ 0.001.

Fig. 2. Competing risk regressions by the number of intellectual
activities performed by married individuals aged 50+ in the English
Longitudinal Study of Ageing.

physical activity (Model 4 SHR 0.61, 95% CI305

0.41–0.92, p = 0.02) and dementia incidence.306

Additional exploration for effect measure modifi-307

cation by marital status showed a marginally signif-308

icant interaction (p = 0.05). As presented in Table 2,309

after stratification for marital status, it was found that310

in the fully adjusted model, an increased engage-311

ment in intellectual leisure activities was associated312

with a decreased incidence of dementia for mar-313

ried individuals (n = 5,501; SHR: 0.85, 95% CI 0.76–314

0.96, p = 0.007) (see Fig. 2). The association between315

intellectual leisure activities and dementia was non-316

significant for the single/divorced (n = 1,297; Model 4317

SHR: 1.11, 95% CI 0.85–1.45, p = 0.46) and wid-318

owed (n = 1,232; Model 4 SHR: 0.98, 95% CI319

0.83–1.17, p = 0.86) stratum. The interaction between320

the intellectual leisure activities domain and sex was321

non-significant (p = 0.79).322

The social domain of leisure activities323

As in the case of intellectual activities, 72% of324

participants reported 2 to 4 social leisure activi-325

ties., while 1% did not engage in any social activity.326

Only 0.64% of the participants engaged in 7 social327

activities (see Supplementary Figure 1). The associa- 328

tion between the social domain of leisure activities 329

and dementia incidence is presented in Table 2. 330

The minimally adjusted model showed a significant 331

association between engagement in social leisure 332

activities and dementia incidence (SHR 0.92, 95% 333

CI 0.86–0.99, p = 0.03). However, in Model 2, the 334

association between social leisure and dementia was 335

explained after adjusting for educational attainment 336

and wealth (SHR: 0.95, 95% CI 0.88–1.03, p = 0.20). 337

The interactions between the social leisure domain 338

and sex (p = 0.70) or marital status (single/divorced 339

p = 0.09; widowed p = 0.12) were non-significant. 340

In terms of covariates, we found that increased 341

depressive symptomatology (Model 4 SHR: 1.08, 342

95% CI 1.03–1.13, p = 0.003) and physical activity 343

(Model 4 SHR: 0.59, 95% CI 0.39–0.88, p = 0.01) 344

were significantly associated with a reduced dementia 345

incidence. 346

Individual leisure activities 347

Table 3 summarizes the competing risk regressions 348

indicating the incidence of dementia for individual 349

leisure activities. Model 1 showed a significant asso- 350

ciation between individual activities and dementia 351

incidence for reading the newspapers (SHR 0.77, 352

95% CI 0.63–0.95, p = 0.02), having a hobby (SHR 353

0.72, 95% CI 0.58–0.91, p = 0.005), using the mobile 354

phone (SHR 0.74, 95% CI 0.60–0.91, p = 0.004), 355

using the internet (SHR 0.74, 95% CI 0.56–0.97, 356

p = 0.03), cultural engagement for those who do it 357

once or twice a year (SHR 0.66, 95% CI 0.45–0.97, 358

p = 0.03), sports clubs (SHR 0.67, 95% CI 0.50–0.91, 359

p = 0.01), and volunteering for those who engage in 360

the activity every few months (SHR 0.78, 95% CI 361

0.62–0.99, p = 0.05). However, after adjustment for 362

all covariates, it was found that only two activities: 363

reading the newspaper (SHR 0.79, 95% CI 0.64–0.98, 364

p = 0.03) and using a mobile phone (SHR 0.80, 95% 365

CI 0.65–0.99, p = 0.04) maintained a significant and 366

independent association with dementia incidence. 367
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Table 3
Sub-hazard ratios and 95% confidence intervals of the competing risk models indicating the incidence of dementia for individual leisure

activities

Domains Model 1 Model 2 Model 3 Model 4

Intellectual leisure activities
Reading newspapers: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.77 0.63–0.95)∗ 0.78 (0.63–0.97)∗ 0.79 (0.64–0.98) 0.79 (0.64–0.98)∗
Having a hobby or pastime: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.72 (0.58–0.91)∗ 0.77 (0.61–0.97)∗ 0.81 (0.64–1.03) 0.85 (0.66–1.08)
Using a mobile phone: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.74 (0.60–0.91)∗ 0.78 (0.63–0.97) 0.79 (0.64–0.98) 0.80 (0.65–0.99)∗
Using the internet: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.74 (0.56–0.97)∗ 0.79 (0.59–1.05) 0.81 (0.61–1.08) 0.82 (0.61–1.09)
Art or music groups: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.96 (0.71–1.28) 1.09 (0.80–1.48) 1.11 (0.82–1.51) 1.14 (0.84–1.56)
Cultural engagement: Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Less than once a year 0.84 (0.62–1.13) 0.93 (0.68–1.28) 0.97 (0.71–1.33) 1.01 (0.74–1.38)
Once or twice a year 0.66 (0.45–0.97)∗ 0.75 (0.50–1.12) 0.79 (0.53–1.18) 0.83 (0.55–1.24)
Every few months 1.25 (0.78–2.01) 1.49 (0.91–2.44) 1.55 (0.95–2.54) 1.63 (0.99–2.68)

Social leisure activities
Sports clubs: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.67 (0.50–0.91)∗ 0.72 (0.53–0.98)∗ 0.74 (0.54–1.00) 0.83 (0.60–1.14)
Church groups: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 1.10 (0.89–1.37) 1.18 (0.94–1.47) 1.18 (0.94–1.48) 1.16 (0.93–1.46)
Look after others: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.81 (0.61–1.06) 0.78 (0.59–1.03) 0.78 (0.59–1.02) 0.79 (0.60–1.04)
Organization membership: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.90 (0.73–1.09) 0.98 (0.79–1.21) 0.99 (0.80–1.23) 1.01 (0.81–1.26)

Volunteering: Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Less than once a year or up to twice a year 0.67 (0.37–1.19) 0.71 (0.40–1.27) 0.73 (0.41–1.30) 0.75 (0.42–1.33)
Every few months 0.78 (0.62–0.99)* 0.84 (0.66–1.08) 0.88 (0.69–1.14) 0.91 (0.70–1.17)
Meeting with friends: Never 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Once or twice a month 1.01 (0.74–1.37) 1.05 (0.77–1.42) 1.07 (0.79–1.46) 1.08 (0.80–1.48)
Once or twice a week 0.80 (0.61–1.07) 0.82 (0.62–1.08) 0.84 (0.63–1.11) 0.87 (0.66–1.16)
Three or more times a week 0.92 (0.66–1.29) 0.90 (0.64–1.25) 0.92 (0.66–1.28) 0.96 (0.69–1.34)
Holiday: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.82 (0.63–1.06) 0.87 (0.67–1.14) 0.94 (0.71–1.23) 0.97 (0.74–1.27)

Model 1: Sex and marital status. Model 2: Model 1+ education and wealth. Model 3: Model 2+ physical health covariates and depression.
Model 4: Model 3+ lifestyle factors. ∗p < 0.05, ∗∗p ≤ 0.001.

Additional interaction analyses were carried out368

for each leisure activity. As presented in Table 4, we369

found a marginally significant interaction between370

sex and reading the news (p = 0.06) and between sex371

and phone use (p = 0.06). We also found a signifi-372

cant interaction between marital status and having373

a hobby (p = 0.04). After stratification, we found374

that reading the newspapers was significantly asso-375

ciated with a decreased incidence of dementia in376

females (Model 4 SHR 0.65 95% CI 0.49–0.84,377

p = 0.001), mobile phone usage in males (Model 4378

SHR 0.61, 95% CI 0.45–0.84, p = 0.002), and hav-379

ing hobbies in married individuals (Model 4 SHR380

0.70, 95% CI 0.51–0.95, p = 0.02), independent of all381

covariates.382

Sensitivity analyses383

All sensitivity analyses confirmed the results found384

in our primary analyses. Supplementary Tables 2385

and 3 present the results for the first two sensitiv- 386

ity analyses using complete data. Sensitivity analysis 387

3 showed that after performing multiple imputa- 388

tion, the results for the intellectual leisure activity 389

domain were similar for married individuals (Model 390

4: SHR 0.90, 95% CI 0.81–0.99, p = 0.04). Further- 391

more, comparably to the analysis performed using 392

complete data, the results for the social activity 393

domain were non-significant (Model 4: SHR 0.96, 394

95% CI 0.90–1.03, p = 0.27). 395

DISCUSSION 396

This study investigated the association between 397

leisure activities, categorized into two distinctive 398

domains of intellectual and social activities, in rela- 399

tion to dementia incidence in a representative sample 400

of the English population aged 50 years and older. 401
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Table 4
Sub-hazard ratios and 95% confidence intervals of the competing risk models indicating the incidence of dementia for individual activities

with significant interactions for sex and marital status

Individual leisure activities Model 1 Model 2 Model 3 Model 4

Reading newspapers∗sex (p = 0.061)
Males: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 1.03 (0.73–1.46) 1.02 (0.72–1.46) 1.02 (0.72–1.47) 1.04 (0.73–1.50)
Females: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.64 (0.49–0.84)∗∗ 0.65 (0.50–0.85)∗ 0.65 (0.50–0.86)∗ 0.65 (0.49–0.84)∗∗

Phone use∗sex (p = 0.056)
Males: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.58 (0.42–0.79)∗∗ 0.62 (0.45–0.84)∗ 0.62 (0.45–0.85)∗ 0.61 (0.45–0.84)∗
Females: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.95 (0.73–1.24) 0.98 (0.74–1.31) 0.99 (0.75–1.33) 1.05 (0.78–1.40)

Hobby∗marital status (p = 0.044)
Single or divorced: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.58 (0.43–0.77)∗∗ 0.62 (0.46–0.85)∗ 0.66 (0.49–0.89)∗ 0.70 (0.51–0.95)∗
Married or remarried: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 1.14 (0.57–2.26) 1.09 (0.54–2.20) 1.42 (0.67–3.01) 1.43 (0.67–3.07)
Widowed: No 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
Yes 0.91 (0.60–1.41) 0.93 (0.60–1.44) 0.98 (0.63–1.52) 1.01 (0.64–1.60)

Model 1: Sex and marital status. Model 2: Model 1+ education and wealth. Model 3: Model 2+ physical health covariates and depression.
Model 4: Model 3+ lifestyle factors. ∗p < 0.05, ∗∗p ≤ 0.001.

We found that increased engagement in intellectual402

leisure activities was negatively and independently403

associated with dementia incidence in married indi-404

viduals, but not in those who were single, divorced,405

or widowed. The individual investigation of leisure406

activities suggested that reading the newspaper in407

females, mobile phones use in males, and engaging408

in hobbies in married individuals have a reduced risk409

of dementia. All analyses accounted for the compet-410

ing risk of death. The findings were independent of411

important risk factors such as education, wealth, vas-412

cular health, diabetes, depressive symptoms, physical413

activity, smoking, and alcohol intake.414

Previous studies have suggested that marital sta-415

tus has a moderating role in the association between416

leisure activities and successful aging. A systematic417

review highlighted that being married is associated418

with healthier lifestyle behaviors, and consequently,419

to a reduced risk of dementia [19]. Additionally, there420

is a growing body of evidence from observational421

studies suggesting that an intellectually engaged422

lifestyle is associated with a reduced risk of dementia423

[8]. Furthermore, the findings from our intellectual424

domain exploration are in accordance with a meta-425

analysis comprising 19 studies that found significant426

evidence for the association between participation in427

mentally stimulating activities and a reduced risk of428

cognitive impairment or dementia in later life [20].429

Leisure time activities that are cognitively stimulat-430

ing, such as reading, solving puzzles, and learning431

experiences, may protect the brain by improving and432

maintaining the brain’s flexibility and adaptability, 433

directly contributing to cognitive reserve [2, 21]. 434

Furthermore, intellectual activities involving cultural 435

engagement have also shown an association with 436

reduced dementia risk, possibly due to the activi- 437

ties providing individuals with novel experiences and 438

opportunities to engage socially, contributing a posi- 439

tive affect and cognitive reserve simultaneously [22]. 440

Our findings for the social leisure domain and 441

dementia incidence are in accordance with previ- 442

ous studies with extended follow-up periods (two 443

decades) that have found non-significant associa- 444

tions between engagement in social activities and 445

dementia [23, 24]. However, these findings are in con- 446

trast with more recent investigations supporting this 447

association. A systematic review and meta-analysis, 448

comprising 19 longitudinal cohorts with 2 to 15 449

years follow-up, exploring the impact of participat- 450

ing in various social activities, found an increased 451

risk of dementia for individuals who reported less 452

social engagement [25]. Furthermore, our analy- 453

ses on both leisure activity domains highlighted the 454

influence of depressive symptoms and engagement 455

in physical activities in the incidence of demen- 456

tia. Depression has been widely recognized as an 457

important risk factor for dementia [26]. Depressive 458

symptomatology might reduce the direct opportuni- 459

ties for engagement in leisure activities and indirectly 460

for cognitive reserve enhancement due to its debili- 461

tating impact on behavior and social withdrawal [27]. 462

On the other hand, physical and social engagement in 463
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various leisure activities might positively affect stress464

reduction and improved neurotransmission, thereby465

enhancing cognitive reserve and brain health mainte-466

nance [28].467

Our investigation on the modifying effects of sex468

and marital status on individual leisure activities and469

dementia highlighted some differences in demen-470

tia incidence with a reduced risk for females who471

read the newspapers, males who use a mobile phone,472

and married individuals who participate in hobbies.473

Reading has robustly shown a contribution to health474

through various studies, supporting the idea that soli-475

tary non-strenuous activities contribute to cognitive476

reserve and successful aging [29, 30]. Furthermore,477

an earlier longitudinal study investigating mobile478

phone use and cognition in the elderly found that479

frequent long-term use of a mobile phone was associ-480

ated with better cognitive function [31]. This research481

by Ng and colleges [31] found that mobile phone482

users were more likely to be males who work and483

are socially active, both activities being predictors484

of healthy cognitive aging. Similarly, engaging in a485

wide variety of hobbies has been found to have pro-486

tective effects against dementia onset, with a previous487

study finding a 14% decreased risk of dementia for488

those who report engaging in a higher number of489

activities [32].490

Our findings differ from those of a previous491

ELSA analysis, which found a significant associa-492

tion between internet use during midlife and incident493

dementia. In their study, d’Orsi et al. [33] used data494

from 8,238 participants with a 10-year follow-up495

from baseline at wave 1 (2002-2003) to wave 6496

(2006–2013), and controlled for similar covariates497

to the ones introduced in our study. Despite using498

a similar approach to investigate this association, the499

difference in findings might suggest a reduction in the500

protective effect of internet use over time. A previ-501

ous study examining leisure activity participation and502

found a significant association with dementia inci-503

dence when ascertained for a short period of time504

after baseline (1–5 years), but not when ascertained505

for more extended periods of time (6–10 and 11–15506

years) [34]. Hence, these findings support the idea507

that different leisure activities might have short-term508

or long-term effects on the risk of dementia devel-509

opment. Alternatively, it is also possible that older510

participants who have started using the internet in511

their older age had an above-average level of cogni-512

tive functioning and therefore compensated for the513

potential neurological damage occurring and delay-514

ing the time to dementia diagnosis.515

Dementia may develop insidiously for years before 516

the onset of the clinical symptomatology, often mak- 517

ing it difficult to establish a temporal sequence 518

between risk factors and dementia diagnosis. Hence, 519

longitudinal studies, such as this one, are required to 520

better understand the protective lifestyle factors of 521

dementia. With a 15-year follow-up, we were able 522

to ascertain a lower dementia incidence for married 523

individuals who engage in intellectual leisure activi- 524

ties, minimizing the issue of reverse-causality while 525

accounting for the competing risk of death. Further- 526

more, we benefitted of a large population sample 527

in comparison to previous studies that might have 528

extended follow-up periods but had a reduced power. 529

The study also controlled for relevant covariates that 530

have been identified as confounders in the association 531

between dementia and a comprehensive set of leisure 532

activities. To preserve the analytical sample, we did 533

not introduce additional covariates such as APOE 534

�4 since biomarker data was only collected from a 535

sub-sample of ELSA. Additionally, the association 536

between cognitive reserve markers and dementia con- 537

trolling for genetic risk has been researched before 538

in this dataset [35]. However, an important method- 539

ological issue that needs to be considered is the 540

classification of leisure activities into either intellec- 541

tual or social domains. Some activities considered 542

in this study involve both intellectual and social 543

engagement; hence their type might be somewhat 544

arbitrary due to the overlap between the two domains. 545

Another methodological issue is related to the 546

self-report dementia diagnosis, which could under- 547

estimate the number of participants with dementia 548

in the study due to misclassification of cases. How- 549

ever, our sensitivity analysis, excluding individuals 550

classified with dementia via high IQCODE scores, 551

found similar results to those of our main analy- 552

sis. Lastly, there is a potential attrition bias due to 553

the longitudinal nature of the study (Supplementary 554

Table 4). 555

Future work investigating the role of leisure activ- 556

ities on cognitive decline trajectories related to 557

subsequent dementia risk could further elucidate the 558

mechanisms involved in these associations during 559

the prodromal stages of the disease. More research 560

is needed to understand the association between 561

individual leisure activities as markers of cognitive 562

reserve and dementia risk. Future work could con- 563

sider the role of different follow-up periods and the 564

onset and time of exposure to a particular activity. 565

Furthermore, since participation in leisure activities 566

tends to decline in the preclinical phases of dementia 567
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[36], longitudinal studies with extended follow-up568

periods are desirable.569

In conclusion, this study provides sound evidence570

for the contribution of intellectual leisure activities571

to cognitive reserve and subsequent reduced risk of572

dementia incidence. Our findings highlight the impor-573

tance of assessing the role of sex and marital status574

on the association between leisure activities and575

dementia risk, providing opportunities for tailored576

interventions to improve cognitive reserve capacity.577
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