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Abstract 

Background: The number of older people needing dementia care is projected to rise rapidly, and 

local districts are now charged with responding to this need. But evidence on local area factors 

of dementia is scarce. We studied the odds of dementia prevalence and its individual risk 

factors enriched with area factors. 

Materials  and methods: This study analysed objectively assigned dementia prevalence in 

people aged 60 and over living in community in England, drawing data from the English 

Longitudinal Study of Ageing 2014-2015 and local districts statistics using multilevel logistic 

models. Dementia status is ascertained using a modified version of the Telephone Interview for 

Cognitive Status. A number of individual risk factors were considered including social 

determinants, internet use, social connections and health behaviours; two contextual factors 

were included: the index of multiple deprivation and land use mix. 

Results: The prevalence of dementia by this method is 8.8% (95% confidence interval 7.7% – 

9.2%) in older adults in England. Maps of dementia prevalence across districts showed 

prevalent areas. In the full model no area characteristics were significant in predicting dementia 

prevalence. Education, social connections, internet use and moderate to vigorous physical 

activity showed protective associations. 

Conclusion: Dementia in older adults in England is largely predicted by individual 

characteristics, though some districts have a large share of their population with dementia. 

Given the health and social care costs associated with dementia, differential interventions and 

support to districts and to groups of individuals defined by these characteristics seem 

warranted. 

 

 

Abstract 245 words, text 1996 words 

Keywords: dementia, area, local councils, English Longitudinal Study of Ageing 

Key points: The modified Telephone interview for cognitive status used in this study gives a 

dementia prevalence of 8.8%, same as the rate in the US. 

Prevalence is distributed unevenly across local area authorities in England. 

Dementia in older adults in England  is largely predicted by individual characteristics. 
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Introduction 

Some 46 million people suffered from dementia worldwide last year, with a total cost of more 

than US$ 800 billion. In the UK dementia may cost as much as cancer, heart disease, and stroke 

combined (Prince, Martin et al. 2015). Furthermore, local authorities have been tasked to 

deliver dementia services through Public Health England. However, evidence is scarce on how 

prevalence of dementia varies across local districts, and to what extent district factors predict 

dementia status in older residents. The goal of this study is to furnish this evidence. 

If the effects impact more than the patients and their carers, the determinants likewise 

have been found beyond the patient, namely in the surrounding areas. The comparative 

Scotland – Sweden study of people aged 65 and over suggested a residual association of 

dementia with area characteristics (Russ et al. 2015). Further the Cambridge Cognitive 

Function and Ageing Study (CFAS) explored a number of area characteristics (Wu et al. 

2016b). It found that land use mix had an independent protective effect on dementia risk. 

Another area characteristic which has been suggested to accompany higher dementia 

prevalance is area deprivation. If the area factors are materially linked to older people’s health, 

then potential interventions targeted at certain areas can be explored by local districts. 

Though entirely plausible area context is rarely examined nationwide; more often 

studied are individual characteristics. Education and occupation have been theorised to indicate 

brain or cognitive reserve (Stern 2012). They confer accumulated reserve, which prevents brain 

pathology accumulated with ageing from becoming manifest in practice (Rusmaully et al. 

2017). Beyond age and sex, other covariates of dementia risk have been noted in the literature: 

wealth, social connections, comorbidities, and health behaviours (Tampubolon 2015a). Wealth 

affords better health input such as nutrition and better health maintenance such as gym 

membership. Social connections afford richer and more timely information about health risk 

and maintenance as well as support for mental wellbeing. Ageing is characterised by multiple 
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organs’ impairment, increasing the likelihood of dementia with other organs’ dysfunction. 

Health behaviours such as physical activity have been known to confer overall health benefit in 

older people, although the effect of  physical activity has not been demonstrated specifically in 

relation to dementia (Prince, Martin et al. 2015). 

This study has three aims: first, to decompose variations in dementia status of older 

adults in England  into districts and  individuals. Second, to provide a national prevalence 

figure for dementia that yields to international comparison by using a validated measure of 

cognitive function. Lastly, to map distribution of dementia across districts, enabling us to 

discern spatial patterns of burden of dementia. 

 

Materials and methods 

The English Longitudinal Study of Ageing (ELSA) is the main resource for a nationally-

representative ageing study of the English older population. The last wave was in 2014-2015 

which for the first time collected dementia information using the Telephone Interview for 

Cognitive Status. The data are freely available from the UK Data Archive (www.data-

archive.ac.uk) as study number 5050. More details of the study are given elsewhere (Marmot et 

al. 2003; Banks et al. 2006, 2008, 2010, 2012, 2014). 

 

Ethics review 

Ethical approval for all the ELSA waves was granted from the National Research and Ethics 

Committee (and its predecessor bodies) of the UK National Health Service www.hra.nhs.uk. 

The University of Manchester’s institutional review board has exempted this study, since it 

used publicly available anonymised secondary data for research. 

 

Ascertaining dementia prevalence in the population 

Dementia status was ascertained using tests from the Telephone Interview for Cognitive Status, 

an alternative to the Mini-Mental State Examination (Jason Brandt et al. 1988). Two constructs 

are possible from the tests: based on the Langa-Weir approach with a cut-off 6 to mark 

demented status (Crimmins et al. 2011) and the Herzog-Wallace approach with a cut-off 8 

(Herzog and Wallace 1997). We chose the Langa-Weir approach which consists of these tests: 

immediate and delayed recall of words, serial 7s, and backward counting; the total scores range 

http://www.data-archive.ac.uk/
http://www.data-archive.ac.uk/
http://www.hra.nhs.uk/
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from 0 to 27. The instrument has been validated with neurological assessments in the US 

(Health and Retirement Study) (Langa et al. 2017). 

Area information of deprivation (index of multiple deprivation) and land use mix (Land 

Use Database 2010) was obtained from the Office of National Statistics (www.ons.gov.uk 

accessed 23 July 2017), then matched with ELSA based on local area district identifier 2011. A 

higher deprivation score means more deprivation, whereas a higher mix score means a more 

diverse environment (Shannon entropy index). 

 

Confounders 

We included an extensive set of confounders which were known to affect cognitive function of 

older Britons or used in the original validation of the tests. Demographic covariates include sex 

and age (60 to 89 since aged is capped at 90). Cognitive functions, like other health functions, 

are also shaped by social determinants of health (WHO-CSDH 2008; The Marmot Review 

2010). These determinants include occupational class (three categories: managerial, 

intermediate and routine manual class as reference), wealth tertiles (wealthiest, middle and 

poorest as reference), marital status (married/union, divorced or separated and single as 

reference), and education (Stern 2012). Using the Internet, including browsing for information, 

has been found to relate to cognitive function in this sample (Tampubolon 2015a), so an 

indicator of internet use is included. Social connections were constructed from responses on 

how often on average respondents (1) meet with friends, or (2) phone them, or (3) write to 

them; the average ranges from 0 for never or less than once a year to 6 for three times or more a 

week. 

Since it is widely known that risk factors for cardiovascular disease may be implicated 

in cognitive decline (Grodstein 2007), we also include these risk factors or cardiovascular 

disease status. Moreover, since comorbidities generally accompany ageing, comorbidities are 

also considered, covering diabetes, cancer, chronic obstructive pulmonary disease and arthritis. 

Behavioural risk factors known to be effective in cross-sectional studies include 

smoking (current smoker and not current smoker as reference), drinking (days in a week having 

a drink) and physical exercise (vigorous, moderate physical exercise and sedentary as reference; 

according to the Allied Dunbar physical exercise scale (Skelton et al. 1996)). 

http://www.ons.gov.uk/
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Only those with complete information were retained in the analysis. Differences 

between the analytic (N = 5232) and excluded samples (N = 2268) were tested using t test for 

continuous variable and χ
2
 test for categorical variables. There were more women compared to 

men in both samples (p < 0.001). The excluded sample has lower TICS scores on average but 

the difference is not significant (p = 0.99); and is younger but not significantly so (p = 0.99). 

 

Method 

Because ELSA respondents living in different districts constitute a multilevel sample we 

applied multilevel logistic model to explain dementia in terms of area and individual predictors. 

A baseline model was fitted with random area intercepts in order to assess the proportion of 

variation attributed to area and individual characteristics. The final model further added area 

deprivation and land use mix. All analysis was done in Stata version 14 (College Station, Texas 

US). 

 

Results 

Some key characteristics of the sample are the following: mean age is 72 years, the majority are 

females (56.7%), married or in union (63.5%) and nearly 30% were educated at college level. 

Moderate or vigorous physical activities were reported by 16.6%, social connections (meet, 

phone, write) were maintained every few months (2.9), and more than half have used the 

internet (58.6%). 

 

The national prevalence of 8.8% (95% confidence interval 7.7% – 9.2%) masks a range 

of spatial variation which can be grasped from a map. We are careful not to comment on 

particular districts, preferring to note the variation across the country. The map on the right 

pane is drawn with a further adjustment to prevalence. The map increased the size of the areas 

where dementia prevalence are highest, according prominence to those areas with most need. 

 

Figure 1. Maps of dementia prevalence across local districts in England 2014 – 2015 

 

One way of exploring this district variation is by analysing dementia using multilevel 

model with individual and district characteristics (Table 1, without (left pane) and with (right 
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pane) district index of multiple deprivation and land use mix). Both models showed that the 

odds of dementia increased by 1.05 times per year. One social determinant is effective in these 

older ages: education. Compared to those with lower levels of education, high school graduates 

had reduced odds of dementia of 35%. Education as a marker of cognitive reserve has been 

posited to associate with delayed manifestation of impaired cognition (Stern 2012). The other 

determinants of class and wealth showed no significance. This may be due to their potential 

effects being captured by reduced comorbidities. The number of comorbidities has a significant 

and positive odds ratio. 

 

Table 1. Multilevel models of dementia 

 

Behaviours at this life stage remain strongly associated with the risk of dementia, 

despite its long prodromal stage, suggesting possible beneficial modifications even at older 

ages. For instance older people engaging in moderate or vigorous physical activity had nearly 

80% lower odds of dementia than their sedentary peers. Also, strong protective associations 

were found for social connections and internet use, respectively, 44% and 81%. 

There were no discernible residual variations across districts once individual 

characteristics were considered. Moreover a richer model (with index of multiple deprivation 

and land use mix) brought no real change to the results. 

 

Discussion and conclusion 

Motivated by the recent devolution of health and social care in England to local authority 

districts we studied the variation in dementia prevalence across districts. Upon investigation the 

spatial variation is found not to be driven by contextual differences. Instead, dementia is 

primarily associated with individual risk factors. 

The data revealed that of people aged 60 and older 8.8% have dementia, same as in the 

US (Langa et al 2016, Tampubolon et al 2017). This is higher than reported for CFAS sample 

(7.6%) which are older. This difference may reflect the fact that the country has more regions 

with residents who are less advantaged than the residents of the four regions of CFAS. 

This study has a number of limitations. First, because of its cross-sectional design, no 

causal inference can be drawn. Second, the outcome is measured using a neuropsychological 
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instrument without clinical examination, no doubt due to cost concerns in a nationwide study. 

Nevertheless the same instrument has been validated with clinical adjudication in the US Health 

and Retirement Study. 

Notwithstanding these limitations, there are two advantages to this study: a nationally 

representative design and an internationally comparable instrument. Such design helps in two 

ways: [1] when guarding against specific implications possibly arising from regional or 

otherwise limited samples, [2] when formulating nationwide policy. As another advantage, 

TICS as an instrument has undergone valuable calibration in the ADAMS study with its 

detailed clinical and neuropsychological assessment. 

The null findings regarding contextual associations have some support in the literature. 

Even at a refined scale of local super output area, Wu and coauthors found no evidence that 

area deprivation matters (Wu et al. 2016b). The same study, however, noted that higher land 

use mix associates with lower odds of dementia. The authors suggested that communities with a 

higher mixture of land use enable more residents to be more engaged and physically mobile. It 

is possible that the observed effect of land use mix is actually due to individual physical activity 

which is found positive here (in contratst to Prince, Martin et al. 2015).  

In short individual factors including social determinants and health behaviours largely 

predict older people’s dementia status. So education is important, as has been found for other 

health outcomes in later life (Tampubolon 2015b, a, 2016; Tampubolon and Maharani 2017). In 

the context of dementia education and complex occupation are often understood to confer 

cognitive reserve. Relatedly, the reduced odds of dementia among internet users may also be 

understood as enhancing cognitive reserve, as such use elicits different actions and 

coordinations, for instance tapping, swiping, squeezing. 

The use of a validated comparable instrument facilitates international study of dementia. 

Further examination of the burden of dementia around the world is an eminently empirical 

question to serve the needs of the global ageing population. 

 

Bibliography 

Banks J, Breeze E, Lessof C, Nazroo J (eds) (2006) Retirement, health and relationships of the 

older population in England: The 2004 English Longitudinal Study of Ageing. The 

Institute for Fiscal Studies, London 



8 

 

Banks J, Breeze E, Lessof C, Nazroo J (eds) (2008) Living in the 21st century: older people in 

England: The 2006 English Longitudinal Study of Ageing. The Institute for Fiscal 

Studies, London 

Banks J, Lessof C, Nazroo J, et al (eds) (2010) Financial circumstances, health and well-being 

of the older population in England: The 2008 English Longitudinal Study of Ageing. 

The Institute for Fiscal Studies, London 

Banks J, Nazroo J, Steptoe A (eds) (2012) The Dynamics of Ageing: Evidence from the English 

Longitudinal Study of Ageing 2002-2010 Wave 5. The Institute for Fiscal Studies, 

London 

Banks J, Nazroo J, Steptoe A (eds) (2014) The Dynamics of Ageing: Evidence from the English 

Longitudinal Study of Ageing 2002-2012 Wave 6. The Institute for Fiscal Studies, 

London 

Cook SE, Marsiske M, McCoy KJM (2009) The Use of the Modified Telephone Interview for 

Cognitive Status (TICS-M) in the Detection of Amnestic Mild Cognitive Impairment. J 

Geriatr Psychiatry Neurol 22:103–109. doi: 10.1177/0891988708328214 

Crimmins EM, Kim JK, Langa KM, Weir DR (2011) Assessment of Cognition Using Surveys 

and Neuropsychological Assessment: The Health and Retirement Study and the Aging, 

Demographics, and Memory Study. J Gerontol B Psychol Sci Soc Sci 66B:i162–i171. 

doi: 10.1093/geronb/gbr048 

Fong TG, Fearing MA, Jones RN, et al (2009) Telephone Interview for Cognitive Status: 

Creating a crosswalk with the Mini-Mental State Examination. Alzheimers Dement 

5:492–497. doi: 10.1016/j.jalz.2009.02.007 

Grodstein F (2007) Cardiovascular risk factors and cognitive function. Alzheimers Dement 

3:S16–S22. doi: 10.1016/j.jalz.2007.01.001 

Herzog AR, Wallace RB (1997) Measures of Cognitive Functioning in the AHEAD Study. J 

Gerontol B Psychol Sci Soc Sci 52B:37–48. doi: 10.1093/geronb/52B.Special_Issue.37 

Jason Brandt, Miriam Spencer, Marshal Folstein (1988) The Telephone Interview for Cognitive 

Status. Neuropsychiatry Neuropsychol Behav Neurol 1:111–117. 

Kuźma E, Llewellyn DJ, Langa KM, et al (2014) History of Alcohol Use Disorders and Risk of 

Severe Cognitive Impairment: A 19-Year Prospective Cohort Study. Am J Geriatr 

Psychiatry 22:1047–1054. doi: 10.1016/j.jagp.2014.06.001 

Langa KM, Chernew ME, Kabeto MU, et al National estimates of the quantity and cost of 

informal caregiving for the elderly with dementia. J Gen Intern Med 16:770–778. doi: 

10.1111/j.1525-1497.2001.10123.x 



9 

 

Langa KM, Larson EB, Crimmins EM, et al (2017) A comparison of the prevalence of 

dementia in the United States in 2000 and 2012. JAMA Intern Med 177:51–58. doi: 

10.1001/jamainternmed.2016.6807 

Langa KM, Plassman BL, Wallace RB, et al (2005) The Aging, Demographics, and Memory 

Study: Study Design and Methods. Neuroepidemiology 25:181–191. doi: 

10.1159/000087448 

Marmot M, Banks J, Blundell R, et al (eds) (2003) Health, wealth and lifestyles of the older 

population in England: The 2002 English Longitudinal Study of Ageing. The Institute 

for Fiscal Studies, London 

Marshall A, Jivraj S, Nazroo J, et al (2014) Does the level of wealth inequality within an area 

influence the prevalence of depression amongst older people? Health Place 27:194–204. 

doi: 10.1016/j.healthplace.2014.02.012 

Prince, Martin, Wimo, Anders, Guerchet, Maelenn, et al (2015) World Alzheimer Report 2015: 

The Global Impact of Dementia. https://www.alz.co.uk/research/world-report-2015. 

Accessed 28 Jul 2016 

Rusmaully J, Dugravot A, Moatti J-P, et al (2017) Contribution of cognitive performance and 

cognitive decline to associations between socioeconomic factors and dementia: A cohort 

study. PLOS Med 14:e1002334. doi: 10.1371/journal.pmed.1002334 

Russ TC, Gatz M, Pedersen NL, et al (2015) Geographical variation in dementia: examining the 

role of environmental factors in Sweden and Scotland. Epidemiol Camb Mass 26:263–

270. doi: 10.1097/EDE.0000000000000230 

Skelton D, Young A, Walker A, Hoinville E (1996) Physical Activity in Later Life: Further 

Analysis of the Allied Dunbar National Fitness Survey and the Health Education 

Authority National Survey of Activity and Health. Health Education Authority, London 

Stern Y (2012) Cognitive reserve in ageing and Alzheimer’s disease. Lancet Neurol 11:1006–

1012. doi: 10.1016/S1474-4422(12)70191-6 

Suthers K, Kim JK, Crimmins E (2003) Life expectancy with cognitive impairment in the older 

population of the United States. J Gerontol B Psychol Sci Soc Sci 58:S179–S186. doi: 

10.1093/geronb/58.3.S179 

Tampubolon G (2015a) Cognitive ageing in Great Britain in the new century: Cohort 

differences in episodic memory. PLoS ONE 10:e0144907. doi: 

10.1371/journal.pone.0144907 

Tampubolon G (2015b) Delineating the Third age: Joint models of older people’s quality of life 

and attrition in Britain 2002-2010.  

Tampubolon G (2016) Trajectories of the healthy ageing phenotype among middle-aged and 

older Britons, 2004–2013. Maturitas 88:9–15. doi: 10.1016/j.maturitas.2016.03.002 



10 

 

Tampubolon G, Maharani A (2017) When did old age stop being depressing? Depression 

trajectories of older Americans and Britons 2002–2012. Am J Geriatr Psychiatry. doi: 

http://dx.doi.org/10.1016/j.jagp.2017.06.006 

Tampubolon G, Nazroo J, Pendleton N (2017) Trajectories of general cognition and dementia 

in English older population: an exploration. Eur Geriatr Med. doi: 

10.1016/j.eurger.2017.08.001  

The Marmot Review (2010) Fair Society, Healthy Lives: Strategic Review of Health 

Inequalities in England post-2010. The Marmot Review, London 

WHO-CSDH (ed) (2008) Closing the gap in a generation: health equity through action on the 

social determinants of health. Final Report of the Commission on Social Determinants 

of Health. World Health Organization, Geneva 

Wu Y-T, Fratiglioni L, Matthews FE, et al (2016a) Dementia in western Europe: 

epidemiological evidence and implications for policy making. Lancet Neurol 15:116–

124. doi: 10.1016/S1474-4422(15)00092-7 

Wu Y-T, Prina AM, Jones A, et al (2016b) Land use mix and five-year mortality in later life: 

Results from the Cognitive Function and Ageing Study. Health Place 38:54–60. doi: 

10.1016/j.healthplace.2015.12.002 

 

  

http://dx.doi.org/10.1016/j.eurger.2017.08.001


11 

 

Table 1. Multilevel models of dementia: without (left) and with (right) district characteristics 

  Baseline District 

  Odds ratio t Odds ratio t 

 Age 1.048† 6.68 1.048† 6.65 

Sex Male 1 . 1 . 

 Female 0.929 -0.59 0.926 -0.61 

Marital status Never married 1 . 1 . 

 Married 1.537 1.59 1.533 1.58 

 Separated, widowed 1.001 0.00 0.999 -0.00 

Education Primary school or lower 1 . 1 . 

 High school 0.652† -3.13 0.650† -3.16 

 College 0.854 -0.87 0.848 -0.90 

Social class Routine manual 1 . 1 . 

 Intermediate 0.783 -1.59 0.784 -1.58 

 Managerial 0.836 -1.13 0.834 -1.14 

Wealth Lowest tertile 1 . 1 . 

 Middle tertile 1.156 1.06 1.150 1.02 

 Wealthiest tertile 1.203 1.16 1.189 1.07 

 Social connections 0.564† -14.86 0.564† -14.85 

Smoking Non or past smoker 1 . 1 . 

 Current smoker  1.025 0.13 1.029 0.15 

Alcohol Less than daily 1 . 1 . 

 Drink daily 0.340† -5.18 0.340† -5.19 

Physical activity Sedentary-mild 1 . 1 . 

 Moderate-vigorous 0.214† -4.27 0.213† -4.28 

 Use internet 0.192† -8.57 0.192† -8.58 

 Comorbidities 1.164* 2.26 1.165* 2.27 

 Area deprivation   1.000 -0.18 

 Area land use mix   0.879 -0.40 

 𝜎district
2  0.299 0.11 0.290 0.12 

  * p<0.05, † p<0.01 

 

Figure 1. Maps of dementia prevalence across local districts in England 2014 – 2015: left: 

choropleth map, right: cartogram adjusted for prevalence 
 


