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ABSTRACT 

 

Objectives 

Dementia is rising globally, particularly in low-and-middle-income countries. India has almost 

four million people living with dementia, set to double by 2050. Targeting nine potentially 

modifiable risk factors (less education, hearing impairment, depression, physical inactivity, 

hypertension, obesity, smoking, diabetes, and social isolation) could possibly prevent or 

delay many dementias. We aimed for the first time to examine risk factors for dementia in 

India and their link with cognitive status and dementia, to inform prioritisation of public health 

interventions that could prevent or delay dementia.  

Methods 

We conducted a cross-sectional analysis using three studies: 10/66 Dementia Study (n= 

2,004), Longitudinal Aging Study of India (n= 386), and Study of Global Ageing (n= 2,441). 

Our exposures were the nine risk factors above. We calculated a cognitive z-score within 

each study and used dementia diagnosis in 10/66. We adjusted for socioeconomic factors, 

age, and sex using multivariable linear for cognition and logistic regression for dementia.  

Results 

Less education, hearing impairment, depression, and physical inactivity were associated 

with lower z-scores and increased odds of dementia. Obesity was associated with higher z-
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score and lower odds of dementia. Social isolation was associated with lower z-scores and 

decreased odds of dementia. Results for smoking, diabetes, and hypertension were 

inconsistent.  

Conclusion 

Our risk estimates were larger for less education, hearing impairment and physical inactivity 

compared to global estimates and should be intervention priorities. This study highlights the 

need for longitudinal studies to clarify the relationship between these potentially modifiable 

risk factors and dementia in India. 

Word count: 250 

 

Keywords: dementia prevention, public health, cognition, India, epidemiology 

 

Key points:  

- Age-specific incidence and prevalence of dementia has fallen in many higher income 

countries, leading to interest in targeting potentially modifiable risk factors to delay or 

prevent a large proportion of dementia cases, but little is known about the 

association between these risk factors and dementia risk in low-and-middle-income 

countries, especially in India. 

- We looked at cognition and dementia in India in association with nine pre-specified 

potentially modifiable risk factors for dementia for the first time. We found that less 

education, hearing impairment, depression, and physical inactivity were linked with 

lower cognition and dementia in India. As expected, cross-sectional obesity and 

hypertension were not risks.   

- The risks of dementia were larger than previously reported global estimates for 

people with less education, hearing impairment and those who were physically 

inactive. This is a good indication of where public health initiatives to prevent 

dementia in India should focus. 

 

Main Text 

 

I. INTRODUCTION  

 

Worldwide, the number of people living with dementia is rapidly increasing, from an 

estimated 50 million people in 2015 to an anticipated 152 million by 2050 1. 60% of people 
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with dementia already live in low-and-middle income countries (LMICs) and this is projected 

to increase to 80% by 2050 2.  

 

Many high-income countries (HICs) have reported a decline in age-specific dementia 

incidence, leading to increasing interest in the role of potentially modifiable risk factors for 

dementia 3. The 2017 Lancet Commission on dementia prevention, intervention and care 

calculated that targeting nine established potentially modifiable risk factors (less education, 

mid-life hypertension, obesity, and hearing loss, and later-life diabetes, depression, social 

isolation, smoking, and physical inactivity) at specific times in the life course could potentially 

delay or prevent up to a third of dementias globally 1. The addition of a further three factors 

(head injury, alcohol excess, and air pollution) increased this estimate to 40% but most data 

for meta-analysis on which the relative risks for these are calculated come from HICs with 

relatively little evidence from LMICs 4,5.   

 

There are already a substantial number of individuals in India living with dementia (3·7 

million in 2010) and this number is set to double by 2030 6. India is predicted to face the 

highest absolute number of deaths from non-communicable diseases (NCD) globally in the 

near future due to its high prevalence of illnesses such as cardiovascular disease and 

diabetes, large population (1·3 billion), and barriers to healthcare access.  Rapid 

socioeconomic development, globalisation, and increasing incomes in parts of India have led 

to an increase in lifestyle risk factors such as smoking and obesity, but healthcare access 

remains a problem 7. The population attributable fraction (PAF) of these nine potentially 

modifiable risk factors in India is estimated at 41%, which is higher than global estimates 

(35%) 5. This calculation was based on local prevalence of risk factors; however, relative risk 

estimates from global studies were used and assumed to have the same impact on cognition 

in India as globally. We do not know whether this is true, though the higher frequency of 

some risk factors indicates a greater potential for dementia prevention in India 4.   

 

There is an urgent need to increase our understanding of the role of potentially modifiable 

risk factors in LMICs and in India, in particular, so as to appropriately target and prioritise 

public health interventions that could prevent or delay dementia. Here, we aim to measure 

for the first time, to our knowledge, the association between the nine pre-specified potentially 

modifiable risk factors previously reported as worldwide risks in the Lancet Commission 1,5, 

cognitive performance, and dementia diagnosis, to better understand their contribution in 

this setting. 

 

II. METHODS 
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This is a secondary analysis of three pre-existing cross–sectional datasets. 

 

1.1. The 10/66 Dementia Research Group 

 

The 10/66 survey of individuals aged ≥65 years in 2003-2006 across urban and rural 

settings (n= 2,004) (Table 1) 2 used purposive site selection and door-to-door visits to 

identify eligible households (Figure 1). Response rate was 72% in urban India, and 98% in 

rural India. We received agreement to use this data on 3rd October 2019 and downloaded 

the data dictionary, questionnaires and assessment tools from the 10/66 website8. 

 

1.2. The Longitudinal Aging Study in India (LASI) 

 

The LASI survey was of people in India aged ≥45 years in 2010 (Table 1).  They used 

purposive sampling to select four states (n= 1,683) (Table 1, Figure 1), stratified by urban 

and rural location as detailed previously 9. We only included those aged ≥65 (n=386). 

Response rate was 90·9%.  

We downloaded the data and questionnaires from the Gateway to Global Ageing website10 

on 15th August 2019. 

1.3. Study of Global AGEing (SAGE) 

 

The World Health Organisation (WHO) conducted SAGE, a multi-country survey for 

individuals aged ≥50 years.  We used Wave 1 data from 2006-2007. The study selected six 

representative states in India (Table 1, Figure 1), using a multistage, stratified sampling 

design to select a final population (n= 12,198) 11. We analysed those aged ≥65 (n=2,441) 

(Table 1). 

 

Response rate was 68% 11. We received approval for access to the SAGE data via the WHO 

website 12; we downloaded the Phase 1 dataset and questionnaires on 19th September 

2019. 

 

2. Outcome Measures  

 

2.1. Primary: cognitive function 
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The studies used differing cognitive tasks. To maximise comparability between datasets we 

used the three validated tasks which were present in all datasets to create a cognitive index 

(Table 2): verbal fluency in one minute, ten-word learning and ten-word delayed recall 

(Supplementary).  

 

The final cognitive index had a total possible score of 27 (Table 2), with an approximately 

normal distribution in each dataset (Supplementary). Overall cognitive testing, defined as a 

pre-calculated cognitive score in 10/66 and the sum of other tasks in SAGE and LASI, 

showed good concurrent validity with our cognitive index (Spearman’s rho 0·84 SAGE, 0·61 

10/66, 0·94 LASI, all p<0·0001). 

As in a previous study, we standardised cognitive tests to a continuous z-score by 

subtracting individual results from the study-specific means and dividing by the standard 

deviation (SD) 13. This allowed direct comparison of cognition between datasets. 

2.2. Secondary: dementia diagnosis 

 

The 10/66 study gave dementia by an algorithm developed by 10/66 and Diagnostic and 

Statistical Manual (DSM) IV research criteria. The algorithm has a specificity of 94%, a 

sensitivity of 94%, and a 92% predictive validity in India 14.  

 

In our sample, 17 individuals met DSM criteria and 181 the 10/66 algorithm criteria for 

dementia. 80% of our sample were not given a specified subtype of dementia and we 

therefore used ‘any dementia’ diagnosis, defined either by 10/66 or DSM criteria, as our 

outcome.        

 

3. Exposure Variables 

 

Exposures were the nine potentially modifiable risk factors for dementia identified in the 

2017 Lancet Commission 1. They were measured in each dataset using face-to-face 

interviews and anthropometric measurements. Table 3 shows the harmonised exposure 

variables, enabling comparison between studies. We were not able to include the three 

additional variables of head injury, alcohol excess, or air pollution, in the Lancet 2020 

commission4 due to a lack of data. 

 

4. Adjusted variables 
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We controlled for four prespecified confounders: age, socioeconomic position (SEP), locality 

(urban or rural), and sex. We used total annual household income and food insecurity as 

measures of SEP, as in a previous study 15.   

 

5. Statistical Analysis 

 

5.1. Missing data 

 

We conducted a complete case analysis. In SAGE and 10/66, the maximum amount of 

missing data across variables was 3% (for obesity). In LASI, less than 9% of data were 

missing for any variable, except for the Centre for Epidemiologic Studies Depression Scale 

(CESD) (17%), where we used individual mean score imputation for those with four or fewer 

missing items and excluded those with more than four missing items, in line with a previous 

paper 16. Missing data did not appear random (e.g. people with missing anthropometric 

measurements had lower z-scores), so we judged that using complete case analysis would 

be more accurate than imputed values, with the exception of the CESD in LASI.  

 

5.2. Regression analyses 

 

SAGE and LASI provided individual level weights in their dataset to account for clustering 

and sampling strategy, which we used for all analyses. 10/66 assigned equal weight to each 

individual.  

 

For both outcomes, we carried out regression analyses using a minimally-adjusted model, 

adjusted for age and sex, and a fully-adjusted model, adjusted for age, sex, locality and 

SEP. We used multivariable linear and logistic regression with cognitive z-score and 

dementia as the outcome, respectively.  

 

6. RESULTS  

 

6.1. Demographics 

 

Table 1 describes the populations in our study. We used data from 2,004 people in 10/66, 

386 in LASI and 2,441 in SAGE. As expected, mean z-score was inversely associated with 

increasing age in all three datasets (Table 4), with lowest mean z-score in the oldest groups 
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(80+ years), and odds of dementia increased with increasing age. Women had lower mean 

z-scores than men in all three datasets and almost twice the odds of dementia. 

 

6.2. Early life 

 

6.2.1. Less education  

Those with less than secondary education (79-92% of participants in each study) had a 

lower mean z-score than those with at least secondary education: -0·35 to -0·08, compared 

to 0·38 to 0·98 (Table 4). On multivariable analysis, there was a strong association between 

lower z-scores and less education (Table 5).  Those with less education were almost three 

times more likely to have dementia, but this association had wide confidence intervals (Table 

6). 

 

6.3. Mid-life 

 

6.3.1. Hypertension 

Prevalence of hypertension was lower in LASI (26%) and SAGE (33%) than in 10/66 (51%). 

Participants with current hypertension tended to have a higher mean z-score than those 

without in 10/66 and LASI: 0·14 to 0·19 compared to -0·05 to -0·09 (Table 4). In linear 

regression models, hypertension was associated with better cognitive function, except in 

SAGE (Table 5). Hypertension was associated with increased odds of dementia (Table 6). 

 

6.3.2. Obesity 

The prevalence of obesity ranged from 6-15%. Obese individuals tended to have a higher z-

score than non-obese people: 0·19 to 0·36 compared to 0·00 (Table 4). Current obesity was 

associated with better performance on cognitive testing across all three datasets (Table 5) 

and with approximately 50% lower odds of dementia (Table 6). 

 

6.3.3. Hearing loss 

Hearing loss prevalence ranged from around 10% (10/66 and SAGE) to 47% (LASI). 

Participants with hearing impairment had a lower mean z-score than those with normal 

hearing: -0·89 to -0·10 compared to 0·05 to 0·10 (Table 4). After adjustment, hearing loss 

was associated with lower cognitive function in all datasets (Table 5) and those with hearing 

impairment had 3·5 times the odds of dementia than those without (Table 6). 

 

6.4. LATE LIFE 
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6.4.1. Smoking 

Frequency of self-reported smoking was 16% in 10/66, 21% in LASI and 48% in SAGE. 

Mean z-scores were around 0 for smokers and non-smokers (Table 4). In adjusted analyses 

across all datasets, smoking was associated with worse cognitive performance (Table 5) but 

lower odds of dementia in 10/66 (Table 6). Confidence intervals were wide for all findings. 

 

6.4.2. Depression 

Frequency of concurrent depressive features was 18% in LASI and 35% in 10/66. 21% of 

participants in SAGE reported a history of depression. Participants with depressive features 

had a lower mean z-score than those without: -0·45 to -0·11 compared to 0·03 to 0·10 

(Table 4). There was a strong association between lower cognitive performance and 

depressive features in 10/66 and LASI, but not with depression over the past year in SAGE 

(Table 5). There were increased odds of dementia for those with depressive features (Table 

6). 

 

6.4.3. Physical inactivity 

Physical inactivity levels varied across datasets (15-58%). Those with low levels of physical 

activity had a lower mean z-score than those who were active: -0·49 to -0·18 compared to 

0·09 to 0·24 (Table 4). There was an association between worse cognitive performance and 

low physical activity in all models (Table 5). Those who were physically inactive also had 

almost 2·5 times the odds of having dementia than those who were active (Table 6). 

 

6.4.4. Social isolation 

Social isolation frequency ranged from 11-60% across datasets. Socially isolated 

participants had a lower mean z-score than those who were not isolated in LASI and SAGE 

(-0·36 to -0·15 compared to -0·16 to 0·21) but not in 10/66 (Table 4). After full adjustment, 

socially isolated participants performed worse on cognitive testing across all three datasets 

(Table 5). There were decreased odds of dementia in those with social isolation, but these 

results had wide confidence intervals (Table 6). 

 

6.4.5. Diabetes 

The prevalence of self-reported diabetes was 8-13% across the three datasets and 

participants with diabetes had a higher mean z-score than those without diabetes: 0·10 to 

0·19 compared to -0·02 to -0·01 (Table 4). In adjusted multivariable linear analyses, 

diabetes was associated with better cognitive performance in LASI and SAGE but not in 

10/66 (Table 5). There was no evidence of an association between self-reported diabetes 

and dementia (Table 6). 
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7. DISCUSSION  

 

To our knowledge our study is the first to examine the association of nine pre-specified 

potentially modifiable risk factors with cognitive function and dementia in India. We found 

that less than secondary school education, hearing impairment, depression, and physical 

inactivity were associated with worse cognition and increased odds of dementia. When 

compared to HICs data 4 we found larger risk estimates for less education, hearing 

impairment and physical inactivity, and similar associations for depression, with dementia.  

Our findings were generally consistent with results from HICs but the relative contribution of 

these risk factors in India was different, with several risk factors being more common than in 

HICs, such as less education, hypertension, and physical inactivity.  

 

Participants with less education performed between 0·5 and 0·9 SDs below those with more 

education, in keeping with a previous study 17, despite the selected tasks not being 

dependent on education. The frequency of leaving school before secondary education in 

India was higher across all three studies than worldwide (40%) estimates 1 and the odds of 

dementia were higher than global estimates (Table 6), suggesting that its relative 

contribution is greater here. This may be because the cut-point for education was lower than 

worldwide estimates in our study: less than secondary compared to middle of secondary 

school.  Education has been estimated to have a PAF for dementia of 14% in India, based 

on relative risk estimates from HICs 5. Less education is thought to increase the risk of 

subsequent dementia through a lack of development of cognitive reserve at a crucial time in 

the life-course 1, which reduces individuals’ ability to maintain cognition despite 

neuropathological changes 18, and by being more socioeconomically deprived as an adult, 

however we controlled for socioeconomic factors. This study is in keeping with findings that 

less education is strongly associated with incident dementia in other LMICs 19.  

 

Hearing impairment was associated with worse cognitive function and dementia, as in a 

previous study 22. The mechanism of hearing impairment on dementia is not fully 

understood, though there is evidence of improved cognition after hearing aid use 23. Our risk 

estimate was higher than previous global estimates, possibly due to low rates of hearing 

correction when compared to HICs. Hearing impairment is an important risk factor in India 

given its high frequency, strong association with dementia, and the potential for intervention, 

which may also be cost saving 24. In our cross-sectional data it is possible that hearing 

impairment compromised cognitive testing, though this doesn’t account for the strong 

association with dementia. 
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Physical inactivity was associated with worse cognitive performance and dementia to a 

greater degree than global estimates 4. Similarly, a case-control study in Delhi found those 

who exercised less were more likely to have dementia 26. There may be a differential effect 

of inactivity in people of South Asian ethnicity similar to the increased risk of hypertension 

and arterial stiffening in this group, or this may represent cultural expectations of domestic 

life, such that women may be less likely to keep physically inactive, especially in rural 

environments. The mechanism of physical inactivity on dementia in this setting is not clear 

and warrants further investigation. This finding may represent both a causal association, 

either directly or through mediators such as obesity, hypertension and diabetes, or reverse 

causation: as cognitive function declines, physical activity levels drop. 

 

Where depression was concurrently assessed using validated tools in 10/66 and LASI 

(Table 3) it was associated with poorer cognitive performance. Depression was substantially 

more prevalent across all three of our datasets than the 5·2% estimated in a previous study 

5, suggesting that this could be an important target for public health intervention. However, 

the size of the effect was smaller than global risk estimates 4 and may not be clinically 

meaningful. Depression can be a feature of early neurodegeneration, as well as a risk factor 

for later dementia development 1. In our cross-sectional data, concurrent depressive 

symptoms may have affected cognitive performance leading to an artificially low result or 

may be evidence of a dementia ‘prodrome’. In most HIC clinical settings, assessment for 

depression would be an important step before diagnosing dementia. 

 

Hypertension and obesity, which are mid-life risk factors, are known to fall as dementia 

develops. These showed expected paradoxical associations with cognition in our study: in 

older people maintaining obesity or hypertension means you are unlikely to be developing 

dementia 4. Hypertension has been previously associated with better cognition in LASI 20.  

Hypertension was, however, associated with increased odds of dementia, contrasting with a 

previous study showing a positive linear association between hypotension and dementia 21, 

but confidence intervals were wide and we had no data on changes in blood pressure over 

time. 

 

We found that being socially isolated was generally associated with worse cognitive function 

but with lower odds of dementia. This is in keeping with a study showing that community 

participation and increased social structure are associated with higher cognitive function in 

India 25. We postulated that social isolation might be associated with reduced cognitive 

performance due to less cognitive stimulation, but that individuals who are sufficiently 
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impaired to receive a diagnosis of dementia may see an increase in social support from 

concerned relatives and friends due to the reduced function associated with this illness. 

Given the change in effect estimates seen between minimally and fully adjusted models for 

cognition in 10/66, there may also be socio-cultural dimensions to this risk factor that have 

yet to be explored. 

 

Our results regarding diabetes and smoking were inconsistent. Previous estimates of 

diabetes prevalence in India in those above 65 years range from 15·4 to 18·8% 27, which is 

higher than self-reported diabetes history seen here. In contrast with global risk estimates, 

smoking showed slightly lower odds of dementia, which may relate to earlier smoking-

related mortality obscuring increased dementia risk, but this result had wide confidence 

intervals 4. Smoking prevalence was also lower than global risk estimates in two out of three 

of our datasets.  

 

The strengths of our study include that we compared results from three studies across 

diverse areas and populations in India, using large datasets. We validated our results for 

cognition against a formal diagnosis of dementia. We were able to calculate z-scores using 

similar cognitive measures and thus to compare datasets.  This is the first time to our 

knowledge that less education has been examined as a risk factor in this population; most 

previous studies have adjusted for education. We also adjusted for socioeconomic factors 

that are particularly relevant in LMICs. As cognitive function tends to deteriorate with age, 

we controlled for age.  

 

Our study had a number of limitations, most notably the challenge of interpreting cross-

sectional data for mid-life risk factors such as hypertension and obesity, which were 

measured in late life in our cross-sectional study. Though we have classified our risk factors 

according to life stage in our tables, the prevalence of these has been measured in late life. 

While response rates were very high in 10/66 and LASI they were lower at 68% in SAGE. 

The datasets had less than 10% of data missing but these were not missing at random; for 

example, weight was more likely to be missing in those who were unable to stand on scales.  

We used odds ratios, which are not directly comparable to previously calculated global risk 

measures using relative risks, although for rare outcomes such as dementia the two 

measures would be similar. Our datasets may have underestimated the prevalence of self-

reported risk factors, such as diabetes. Self-report is not only affected by participant recall 

bias but underestimates the true rate of non-communicable diseases in LMICs, due to 

restricted healthcare access 7.  The conflict in results between cognition and dementia that 

we saw with hypertension, smoking, social isolation, and diabetes is likely due to cognitive 
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tests not equating to a formal dementia diagnosis. In most cases, this clinical diagnosis 

incorporates collateral information of decline as well as other factors. In addition, our 

cognitive z-score was made up of a subset of tests to maximise comparability between 

datasets, which limited the number of cognitive domains covered by the score. It’s possible 

that different constructs were measured in each dataset despite our harmonisation efforts. 

We had less power to detect differences in rarer risk factors (eg. obesity) in smaller samples 

such as LASI and particularly small numbers of individuals with more education in our 

samples, leading to wide confidence intervals. The sampling strategies aimed to achieve a 

representative final sample, however we excluded a significant proportion of younger people 

from SAGE and LASI.  

 

Our results highlight the importance of public health strategies for dementia targeted to 

particular settings and outline potential priorities in India. The importance of less education, 

hearing loss and physical inactivity in India has already been highlighted and we found that 

they appeared to have a larger effect in our study than global estimates 5, which suggests 

these should be considered public health priorities. Though we could not infer direction of 

causality in our study, our findings reinforce these results and add depression and social 

isolation as potential targets to modify cognitive function in India. Longitudinal studies, using 

objective measures and with sufficiently long follow-up to distinguish between the early 

stages of dementia and risk factors that pre-date the condition, are needed to better 

understand the contribution of these potentially modifiable factors to dementia in LMICs. For 

governments and the research community to rise to the public health challenge of dementia, 

global collaborative efforts to harmonise large scale longitudinal studies across HICs and 

LMICs will be needed. 
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Appendix 

 
Figure 1. Results of cognitive testing (score3) in each dataset. 

Score3 denotes the sum score out of a possible total of 27 of three cognitive tasks: verbal fluency in one minute, 

ten-word learning and ten-word delayed recall  
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Table 1. List of words used for ten-word learning and delayed recall in each dataset. 

10/66 used the list from the Hindi MMSE, adapted from The Consortium to Establish a Registry for Alzheimer's 

Disease (CERAD)1, we could not identify the source for SAGE’s published list2, and LASI used three options of 

ten word lists from CERAD 3. 

   

10/66 SAGE 

 

LASI 

List one List two List three 
Butter Arm River  Monkey  Elephant  

Arm Bed Tree Car Bike 

Letter Plane Temple Stone Kite 

Queen Dog School Doctor Teacher 

Ticket Clock Hospital Phone House 

Grass Bike Dog Fire Water 

Corner Ear Cat Road Job 

Stone Hammer Radio Silver Book 

Book Chair Chair Flower Market 

Stick Cat Gold Cow Baby 
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Table 1: Description of datasets 

Variables 1066 LASI SAGE 

N (65 years and over) 2,004 386 2,441 

Dates of survey 2003-2006 2010 2007 
 

Locations of survey Tamil Nadu (Chennai and 

Vellore) 

Kerala, Karnataka, 

Rajasthan, Punjab 
 

Assam, Karnataka, Maharashtra, 

Rajasthan, Uttar Pradesh, West 
Bengal  

 

Sampling strategy Purposive, mapping of 

individual eligible 
households 

Stratified, multistage 

sampling design based on the 
2001 Indian national census 

Probability of selection stratified 

multistage cluster sample design, 
based on the Indian 2001 Census  

Mean age in years (standard 

deviation)  

72 (6·0) 72 (6·5) 71 (6·4) 

 

Sex distribution    

Number of males (%) 873 (44) 197 (51)  1,329 (54)  

Number of females (%) 1,116 (56) 189 (49) 1,112 (46) 

Rural/urban distribution    

Number of urban residents (%) 1005 (50) 

 

101 (26) 

 

628 (26) 

 

Number of rural residents (%) 999 (50) 285 (74) 1,813 (74) 

 

Median yearly income in rupees 

(inter-quartile range) 

12,000 (0-36,000) 56,000 (12,000-134,900) 40,000 (19,000-90,000) 

Number of people experiencing 
food insecurity (%) 

348 (17) 12 (3) 429 (18) 
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Table 1: Variables contributing to the cognitive index 

Variable Score and categorisation Notes  

Verbal fluency 
 

 

0 to 7, ordinal   Naming as many animals as possible within one minute. Re-categorized based 
on Addenbrooke’s Cognitive Exam (ACE-III)  

 

Registration 0 to 10, ordinal   A list of ten words is read out over three trials and participants repeat this  
 

Delayed recall 0 to 10, ordinal   

 

Participants recall the same ten words at a later point in the testing 

TOTAL 

Cognitive index 0 to 27, ordinal   

 

Total possible score of 27.  
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Table 1: exposure variable definitions 

 

Risk factor definitions 10/66 SAGE LASI 

EARLY LIFE 

Low education level Self-report of receiving less than secondary education  

MID-LIFE 

Hypertension  Average blood pressure of two readings of either ≥140 systolic or ≥90 diastolic, in 

keeping with the WHO and the American Heart Association (AHA) definitions 28 

Self-reported diagnosis of 

hypertension 

Obesity  Waist circumference of ≥88 cm in women and ≥102 cm in men based on WHO 

guidelines 29 

BMI >30 

Hearing impairment Self-reported hearing impairment 

causing at least some difficulty 

Interviewer assessed Self-reported difficulty hearing 

LATE LIFE 

Smoking  Self-reported history of inhaled tobacco.  Smoking history defined as currently smoking or having quit in prior 12 months 28. 

Depression  Diagnosis of depression on stage 1 

Geriatric Mental State (GMS) and 

computer algorithm (AGECAT), 

which delivers a predicted 

diagnosis based on a three-stage 

hierarchical differentiation of 

syndromes with organic disease at 

the top of the hierarchy 

Self-report of any of loss of interest in usual 

activities, very low energy or tiredness, low mood, 

sadness or depression, for at least two weeks over 

the past 12 months 

Score of ≥16 30 on Centre for 

Epidemiologic Studies Depression 

Scale (CESD): a validated, short, 

self-report scale with 20 questions 

and a total score ranging from zero 

to 60, designed to examine the 

epidemiology of depressive 

symptoms in the general 

population 

Physical inactivity Self-report of being physically ‘not 

very’ active or ‘not at all’ active 

Self-report of <150 minutes of moderate or <75 

minutes of vigorous activity/week, based on AHA 

guidelines 28. 

Self-report of being ‘hardly ever’ 

or ‘never’ active for either 

moderate or vigorous activity 

Social isolation < Monthly contact with 
neighbours, relatives, clubs, and 

friends as in Mukadam et al 5. 

< Monthly contact with relatives, friends and 

attendance at clubs 

< Monthly contact with friends 

and neighbours, attendance at 

clubs/societies, and being out of 

the house for social activities. 

Diabetes  Self-reported diagnosis of diabetes 
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Table 4 

Number (N°) of individuals, frequency (%) of risk factors and mean cognitive performance (mean z-

score) with 95% confidence interval (95% CI) for each risk factor in all three datasets.  

Risk factors ordered by life-course. 
Variable  Categories N° (%) Mean z-score 

(95% CI) 

N° (%) Mean z-score 

(95% CI) 

N° (%) Mean z-score (95% 

CI) 

10/66 (n= 2,004) LASI (n= 386) SAGE (n=2, 441) 

DEMOGRAPHICS  

Age group (years)  

 

65-69  746/2,002 (37) 0·26 (0·19 to 

0·33) 

 

134/386 (35) 0·22 (0·06 to 

0·38) 

1,055/2,441 (43) 0·11 (0·01 to 0·20) 

70-74 669/2,002 (33)  -0·03 (-0·11 to 

0·04) 

121/386 (31) 0·01 (-0·16 to 

0·18) 

715/2,441 (29) -0·06 (-0·19 to 0·07) 

75-79 321/2,002 (16) -0·11 (-0·21 to -

0·01) 
 

66/386 (17) 0·10 (-0·14 to 

0·35) 

343/2,441 (14) -0·15 (-0·29 to -

0·02) 

80+ 266/2,002 (13)  -0·51 (-0·63 to -

0·39) 

64/386 (16) -0·63 (-0·89 to -

0·37) 

328/2,441 (13) -0·50 (-0·66 to -

0·34) 

Sex Male 873/1,989 (44) 0·16 (0·09 to 
0·23) 

 

197/386 (51) 0·22 (0·08 to 
0·35) 

1,329/2,441 (54) 0·10 (-0·00 to 0·20) 

Female 1,116/1,989 (56)  -0·13 (-0·19 to -
0·07) 

189/386 (49) -0·23 (-0·38 to -
0·08) 

1,112/2,441 (46) -0·25 (-0·35 to -
0·16) 

EARLY LIFE 

Less education (less 

than secondary) 

No 157/2,002 (8) 0·98 (0·81 to 

1·14) 

82/386 (21) 0·58 (0·40 to 

0·77) 

422/2,441 (17) 0·38 (0·29 to 0·47) 

Yes  1,845/2,002 (92)  -0·08 (-0·12 to -

0·04) 

304/386 (79) -0·16 (-0·27 to -

0·05) 

2,019/2,441 (83) -0·35 (-0·39 to -

0·31) 

MID-LIFE 

Hypertension No 962/1,975 (49) -0·09 (-0·16 to -
0·04) 

283/382 (74) -0·05 (-0·17 to 
0·07) 

1,579/2,391 (65) 0·04 (-0·01 to 0·09) 

Yes  1,013/1,975 (51)  0·14 (0·07 to 

0·20) 

99/382 (26) 0·19 (0·03 to 

0·36) 

812/2,391 (33) -0·05 (-0·12 to 0·02) 

Obesity  No 1,653/1,944 (85) -0·00 (-0·05 to 
0·04) 

330/350 (94) 0·00 (-0·10 to 
0·11) 

2,059/2,348 (94) -0·00 (-0·04 to 0·04) 

Yes  291/1,944 (15)  0·26 (0·15 to 

0·38) 

20/350 (6) 0·36 (-0·06 to 

0·79) 

289/2,348 (6) 0·19 (0·07 to 0·30) 

Hearing impairment No 1,829/2,002 (91) 0·08 (0·04 to 
0·13) 

202/384 (53) 0·10 (-0·03 to 
0·23) 

2,193/2,438 (90) 0·05 (0·00 to 0·09) 

Yes  173/2,002 (9)  -0·89 (-1·07 to -

0·73) 

182/384) (47) -0·10 (-0·25 to 

0·06) 

245/2,438 (10) -0·42 (-0·54 to -

0·30) 

LATE LIFE  

Smoking  No 1,669/1,996 (84) -0·01 (-0·06 to 
0·04) 

303/384 (79) 0·02 (-0·09 to 
0·14) 

1,267/2,440 (52) 0·01 (-0·04 to 0·07) 

Yes  327 /1,996 (16)  0·04 (-0·05 to 

0·13) 

81/384 (21) -0·07 (-0·26 to 

0·11) 

1,173/2,440 (48) -0·02 (-0·07 to 0·04) 

Depression  No 1,295/2,004 (65) 0·10 (0·04 to 
0·16) 

292/358 (82) 0·10 (-0·01 to 
0·21) 

1,933/2,440 (79) 0·03 (-0·02 to 0·07) 

Yes  709/2,004 (35)  -0·18 (-0·25 to -

0·11) 

66/358 (18) -0·45 (-0·69 to -

0·22) 

507/2,440 (21) -0·11 (-0·19 to -

0·02) 

Physical inactivity  No 1,690/1,996 (85) 0·09 (0·04 to 

0·13) 

162/386 (42) 0·24 (0·09 to 

0·40) 

1,384/2,440 (57) 0·16 (0·11 to 0·21) 

Yes  306/1,996 (15)  -0·49 (-0·61 to -

0·38) 

224/386 (58) -0·18 (-0·30 to -

0·05) 

1,056/2,440 (43) -0·21 (-0·27 to -

0·15) 

Social isolation  No 1,791/2,003 (89) 0·00 (-0·04 to 

0·05) 

154/383 (40) 0·21 (0·07 to 

0·35) 

1,677/2,438 (69) -0·16 (-0·21 to -

0·12) 

 Yes  212/2,003 (11)  -0·03 (-0·15 to 

0·09) 

229/383 (60) -0·15 (-0·29 to -

0·01) 

761/2,438 (31) -0·36 (-0·43 to -

0·29) 

Diabetes  No 1,816/2,003 (91) -0·01 (-0·06 to 

0·03) 

329/378 (87) -0·01 (-0·12 to 

0·09) 

2,235/2,440 (92) -0·02 (-0·06 to 0·02) 

Yes  187/2,003 (9)  0·11 (-0·03 to 

0·25) 

49/378 (13) 0·10 (-0·14 to 

0·33) 

205/2,440 (8) 0·19 (0·06 to 0·32) 
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Table 5 

Linear regression analyses of the association between potentially modifiable risk factors for dementia and 

cognitive performance in three datasets.  

Showing β association with z-score in minimally and fully adjusted models.  

*Minimally adjusted (MA) models: adjusted for age, sex.  
+Fully adjusted (FA) models: adjusted for age, sex, locality, and SEP. 

 
 10/66  LASI  SAGE 

Variable MA β* 

(95% 

CI) 

P-value  FA β+  

(95% 

CI) 

P-value MA β* 

(95% 

CI) 

P-value FA β+  

(95% CI 

P-value MA 

β* 

(95% 

CI) 

P-value FA β+  

(95% CI 

P-value 

EARLY LIFE         

Less education 

(less than 
secondary) 

-0·95 

(-1·11 
to -

0·79) 

<0·0001 -0·78 

(-0·94 
to -

0·62) 

 
 

<0·0001 -0·81 (-

1·06 to -
0·56) 

 

 

<0·0001 -0·77 (-

1·04 to -
0·49) 

<0·0001 -0·56 

(-0·73 
to -

0·38) 

<0·0001 -0·49 (-0·64 

to -0·34) 

<0·0001 

MID-LIFE         

Hypertension  0·21 

(0·13 
to 

0·30) 

<0·0001 0·11 

(0·03 to 
0·19) 

0·0081 0·39 

(0·18 to 
0·60)  

0·0005 0·35 

(0·12 to 
0·59) 

0·0038 -0·01 

(-0·14 
to 

0·13) 

0·9151 -0·01 (-0·14 

to 0·12) 

0·8809 

Obesity 0·37 
(0·25 

to 

0·49) 

<0·0001 0·27 
(0·16 to 

0·39) 

<0·0001 0·46 (-
0·00 to 

0·92) 

0·0524 0·44 (-
0·01 to 

0·90) 

0·0563 0·27 
(0·10 

to 

0·45) 

0·0022    0·22 (0·05 
to 0·38) 

0·0118 

Hearing 
impairment 

-0·83 (-
0·97 to 

-0·68) 

<0·0001 -0·70 
(-0·84 

to -

0·55) 

<0·0001 -0·26 (-
0·52 to -

0·01)  

0·0430 -0·28 (-
0·52 to -

0·05) 

0·0196 -0·19 
(-0·37 

to -

0·02) 

0·0316 -0·19 (-0·37 
to -0·01) 

0·0362 

LATE LIFE          

Smoking  -0·15 (-

0·27 to 

-0·02) 

0·0227 -0·07 (-

0·19 to 

0·05) 

0·2834 -0·15 (-

0·37 to 

0·08) 

0·1991     -0·12 (-

0·35 to 

0·12) 

0·3289 -0·15 

(-0·29 

to -
0·01) 

0·0323 -0·12 (-0·24 

to 0·01) 

0·0651 

Depression -0·26 (-

0·35 to 
-0·17) 

<0·0001 -0·23 (-

0·32 to 
-0·15) 

<0·0001 -0·43 (-

0·71 to -
0·16) 

0·0028   -0·41 (-

0·68 to -
0·15) 

0·0030 -0·07 

(-0·20 
to 

0·06) 

0·2891   -0·03 (-0·16 

to 0·09) 

0·5782 

Physical 

inactivity 

-0·48 (-

0·59 to 
-0·36) 

<0·0001 -0·44 (-

0·55 to 
-0·32) 

<0·0001 -0·33 (-

0·58 to -
0·09) 

0·0092 -0·33 (-

0·58 to -
0·09) 

0·0091 -0·31 

(-0·44 
to -

0·18) 

<0·0001 -0·31 (-0·44 

to -0·19) 

<0·0001 

Social isolation -0·04 (-
0·17 to 

0·10) 

0·5971 -0·40 (-
0·54 to 

-0·25) 

<0·0001 -0·30 (-
0·52 to -

0·08) 

0·0090 -0·31 (-
0·53 to -

0·09) 

0·0074 -0·20 
(-0·35 

to -

0·06)  

0·0053 -0·22 (-0·36 
to -0·08) 

0·0026 

Diabetes 0·08 (-

0·07 to 

0·22)  

0·3117   -0·00 (-

0·14 to 

0·14) 

0·9566 0·20 (-

0·04 to 

0·45) 

0·1032 0·15 (-

0·13 to 

0·42) 

0·3006 0·35 

(0·08 

to 
0·63) 

0·0121 0·29 (0·03 

to 0·55) 

0·0314 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved.  

 

 

 

 

 

 

 

Table 6 

Number of individuals (N) and frequency (%) of dementia according to each risk factor in 10/66. Risk 

factors ordered by life-course. Logistic regression analysis between dementia diagnosis and risk factor 

variables in 10/66, showing odds ratios (ORs) as effect estimates for each variable (age as continuous). 

Previously calculated global relative risk (RR) estimates shown for comparison. 

*Minimally adjusted (MA) model: adjusted for age and sex 

+Fully-adjusted (FA) model: adjusted for age, sex, income, rural or urban locality, and food insecurity 

 
Variable Categories N of people with 

dementia (%) 

MA OR* (95% 

CI) 

P-value FA OR+ (95% CI) P-value Global RR 

estimates 

(95% CI) 4 

DEMOGRAPHICS  

Age group (years)  

 

65-69  38 (5) 1  1   

 70-74 60 (9) 1·84 (1·21 to 2·80) 0·0046 1·77 (1·16 to 2·70) 0·0082  

 75-79 28 (8) 1·86 (1·12 to 3·10) 0·0165   1·81 (1·08 to 3·02) 0·0232  

 80+ 57 (21) 5·50 (3·53 to 8·56) <0·0001 5·37 (3·44 to 8·38) <0·0001  

Sex Male 57 (6) 1  1   

 Female 126 (11) 1·96 (1·41 to 2·74) 0·0001 1·92 (1·37 to 2·69) 0·0001  

EARLY LIFE        

Less education (less than 

secondary) 

No 4 (3) 1  1   

 Yes  179 (10) 2·92 (1·05 to 8·09) 0·0393 2·18 (0·77 to 6·19) 0·1422 1·6 (1·3 to 

2·0) 

MID-LIFE        

        

Hypertension  No 78 (8) 1  1   

 Yes  95 (9) 1·22 (0·88 to 1·68) 0·2285 1·32 (0·95 to 1·84) 0·0959 1·6 (1·2 to 

2·2) 

Obesity  No 146 (9) 1  1   

 Yes  18 (6) 0·51 (0·30 to 0·87) 0·0133 0·56 (0·33 to 0·95) 0·0301 1·6 (1·3 to 

1·9) 

Hearing impairment  No 135 (7) 1  1   

 Yes  48 (28) 3·60 (2·42 to 5·35) <0·0001 3·56 (2·35 to 5·38) <0·0001 1·9 (1·4 to 

2·7) 

LATE LIFE        

Smoking  No 164 (10) 1  1   

 Yes  18 (6) 0·76 (0·44 to 1·33) 0·3351   0·71 (0·40 to 1·24) 0·2259 1·6 (1·2 to 

2·2) 

Depression  No 104 (8) 1  1   

 Yes  79 (11) 1·40 (1·02 to 1·92) 0·0373 1·38 (1·00 to 1·91) 0·0518 1·9 (1·6 to 
2·3) 

Physical inactivity  No 123 (7) 1  1   

 Yes  60 (20) 2·43 (1·71 to 3·44) <0·0001 2·42 (1·69 to 3·46) <0·0001 1·4 (1·2 to 

1·7) 

Social isolation  No 170 (9) 1  1   

 Yes  13 (6) 0·57 (0·31 to 1·02) 0·0600 0·74 (0·39 to 1·39) 0·3464 1·6 (1·3 to 

1·9) 

Diabetes  No 167 (9) 1  1   

 Yes  16 (9) 1·04 (0·60 to 1·80) 0·8814 1·13 (0·65 to 1·97) 0·6569 1·5 (1·3 to 
1·8) 
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Figure legends 
 

Figure 1: Sites for each study 

 


