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Dementia risk in a diverse population: A single-region
nested case-control study in the East End of London
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Summary

Background Most evidence about dementia risk comes from relatively affluent people of White European ancestry. We
aimed to determine the association between ethnicity, area level socioeconomic deprivation and dementia risk, and the
extent to which variation in risk might be attributable to known modifiable clinical risk factors and health behaviours.

Methods In this nested case-control study, we analysed data from primary care medical records of a population of
1,016,277 from four inner East London boroughs, United Kingdom, collected between 2009 and 2018. The outcome
measures were odds ratios for dementia according to ethnicity and deprivation, before and after the addition of
major modifiable risk factors for dementia; and weighted population attributable risk for comparison between indi-
vidual risk factors.

Findings We identified 4137 dementia cases and 15,754 matched controls (mean age for cases and controls were 8o-7
years, (SD 8-7); 81-3 years, (SD 8-9) respectively, range 27-103). Black and South Asian ethnicity were both associ-
ated with increased risk of dementia relative to White (odds ratios [95% CI]: Black 1-43 [1-31-1-56]; South Asian 1.17
[1-06-1-29]). Area-level deprivation was independently associated with an increased risk of dementia in a dose-
dependent manner. Black and South Asian ethnicity were both associated with a younger age at dementia diagnosis
(odds ratios [95%CI]: 0-70 [0-61-0-80] and o-55 [0-47-0-65], respectively). Population attributable risk was higher
for ethnicity (9-7%) and deprivation (11-7%) than for any established modifiable risk factor in this population.

Interpretation Ethnicity and area-level deprivation are independently associated with dementia risk in East London.
This effect may not be attributable to the effect of known risk factors.
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Introduction

As the number of global dementia cases approaches 50
million," there is increasing emphasis placed on risk
factors that might be useful targets for efforts to prevent
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or delay the onset of dementia.** However, complex dis-
eases like dementia have mostly been explored in afflu-
ent people of White European ancestry.*> An increased
understanding of variation in dementia risk by ethnicity
and socioeconomic status is needed for the development
of effective preventive interventions across geographi-
cal, cultural and socioeconomic boundaries.®

Several studies have shown increased dementia risk
in Black ethnic groups,” " while evidence in Asian eth-
nic groups is sparser and more conflicting.”'* South
Asian communities, in particular, have rarely been
studied.” Underrepresentation in dementia research
cohorts has made it difficult to definitively establish
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Research In context

Evidence before this study

We searched Medline and Embase databases on 17th
March 2020 using the terms “deprivation”, “socioeco-
nomic status”, “nationality”, “race”, “ethnicity”, “ethnic
group”, “Alzheimer's disease” and “dementia”. Previous
studies have found that Black people in the UK and the
USA develop dementia at a younger age on average
and have an increased odds of dementia diagnosis
compared to White people. It has been hypothesized
that increased risk of dementia in Black people is due to
the influence of vascular risk factors such as hyperten-
sion and diabetes, and socioeconomic deprivation.
Most dementia studies underrepresent those from
minoritized ethnic groups and more deprived back-
grounds and so the importance of these factors is often
overlooked. We used the 2020 report of the Lancet
Commission to select modifiable risk factors to explore
in our population. This study states that together 12
modifiable risk factors (less education, hypertension,
hearing impairment, smoking, obesity, depression,
physical inactivity, diabetes, alcohol, head injury, air pol-
lution and low social contact) account for 40% of
dementia cases worldwide, which highlight potential
targets to prevent or delay the onset of the disease.

Added value of this study

Both Black and South Asian people in East London are
at higher risk of dementia than their White counterparts
and are diagnosed at a younger age on average. Ethnic-
ity and area-level deprivation are independently associ-
ated with dementia risk, and this cannot be attributed
to the influence of major modifiable risk factors such as
hypertension and diabetes. In this deprived multiracial
urban population, ethnicity and deprivation have higher
population attributable fractions for dementia than
established modifiable risk factors.

Implications of all the available evidence

Ethnicity and area-level deprivation are associated with
variation in dementia risk through unknown mecha-
nisms. Policies aimed at reducing population burden of
dementia will need to address any structural factors
underlying this variation in dementia risk to minimise
brain health inequalities.

the mechanisms responsible for variation by ethnicity,
but it has been hypothesised that ethnicity acts as a
proxy for other risk factors (including access to health
services, differential burden of vascular risk factors,
racism and socioeconomic deprivation)."*"5"® How-
ever, pooled evidence does not clearly demonstrate that
these factors are sufficient to account for differences in
dementia risk.” Improving our understanding of the
role of ethnicity in dementia, and diversifying

representation in dementia research cohorts are urgent
unmet needs."”

We sought to evaluate the relationships between eth-
nicity, area level socioeconomic deprivation and demen-
tia risk in the diverse and deprived population of the
East End of London. We hypothesised that dementia
risk would vary by ethnicity and that this would be inde-
pendent of socioeconomic status and modifiable risk
factors. We further hypothesised that age at dementia
diagnosis would vary by ethnicity. Finally, we aimed to
demonstrate the relative impact of dementia risk factors
in this population, expressed as weighted population
attributable risk.

Methods

Study design and data sources

We performed a nested case-control study using data
extracted from EMIS electronic health care records for
the SHARE project (Secure Health Analysis and
Research in East London) on Gth February 2018. The
data included demographic information, diagnoses,
important comorbidities, free text, and clinical measure-
ments, all with dates. Health records are of 1,016,277
adults from 170 primary care practices across 4 Clinical
Commissioning Groups (CCGs) in East London: Hack-
ney & City of London, Newham, Tower Hamlets, and
Waltham Forest. 98% of all adult patients registered
with a primary care provider in the region are included
in this dataset.

Selection of cases and controls. Due to the cross-sec-
tional retrospective nature of our dataset, we chose a
nested case-control design. We were able to define expo-
sures as those measured prior to the outcome occurring,
thus allowing matching between cases and controls at
the time of the outcome event (i.e. age at dementia diag-
nosis).

Patients with a recorded and dated diagnosis on their
GP record of all-cause dementia, made between July
2009 and January 2018, were selected as cases. A diag-
nosis of dementia was defined as the presence in the
patient’s record of any Read codes for dementia as a
diagnosis, symptom, or referral (see Supplementary
Table 1 for Read codes). We excluded those with
undated diagnoses of dementia due to concerns about
the reliability of these data, and because we required a
date of diagnosis to define exposures occurring prior to
diagnosis. We did not have an age cut-off for selecting
cases and controls, due to concerns about introducing
bias if younger onset dementia was disproportionately
represented in some ethnicities or strata of deprivation.
The youngest age at which a case was diagnosed was 27
years, with 87 cases below 6o years old (% of cases = 2.1),
and the oldest at 103 years. We defined all-cause
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dementia collectively because accuracy for all-cause
dementia coding in UK primary care records is high
(around 87%), whereas the accuracy for specific demen-
tia diagnoses is much lower,”® and because most evi-
dence on modifiable risk factors comes from all-cause
dementia studies.” In total, 4138 cases were identified
but one female case (aged 105 years) had no matching
controls and was dropped, leaving 4137 cases in the
matched case-control analysis.

Individual matching was done whereby each case
was randomly matched to a maximum of four controls,
selected from the same dataset, based on gender and
year of birth. Patients that had an undated dementia
diagnosis or a diagnosis of any other chronic neurologi-
cal condition (see Supplementary Table 2 for Read
codes) were excluded as controls (we did not exclude
chronic neurological conditions from cases since many
of these diseases are causes of dementia). 3746 demen-
tia cases were successfully matched to four controls,
379 to 2 controls, and 12 to 1 control giving a total of
15,754 controls. Cases with fewer controls were primar-
ily older (= go years), female and more deprived (IMD
1-2).

Definition of factors of interest. Age. As the relation-
ship between age and dementia risk is highly nonlinear,
we treated age as a categorical variable using the follow-
ing age groups: <65, 65-69, 70-74, 75-79, 80-84, 85-
89,>90

Ethnicity. Ethnicity was defined by self-report according
to UK census categories: White (including English,
Welsh, Scottish, Northern Irish, British, Irish, Gypsy or
Irish Traveller, any other White background); Black
(including African, Caribbean and any other Black, Afri-
can or Caribbean Background); South Asian (including
Indian, Pakistani, and Bangladeshi); Other (any other
specified ethnicity including mixed ethnicities); and
Unknown.

Index of Multiple Deprivation (IMD). Area level deprivation
was defined using IMD, the official measure of relative
deprivation for small areas in England. It ranks every
Lower Layer Super Output Area (LSOA; a geographical
area comprising approximately 1500 residents and 650
households), incorporating seven aspects of deprivation:
income (22.5%), employment (22.5%), health and dis-
ability (13.5%), education, skills and training (13.5%),
barriers to housing and services (9.3%), living environ-
ment (9.3%), and crime (9.3%). This ranking was used
to assign each participant to a national IMD decile. Fur-
ther information can be found at: https://www.gov.uk/
government/statistics/english-indices-of-deprivation-
2019 .
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Major modifiable risk factors. We selected modifiable
risk factors identified by the Lancet Commission.” Data
were not available for four of these (less education, less
physical activity, social isolation, and air pollution). The
remaining eight risk factors (obesity, depression, diabe-
tes, head injury, hearing loss, high alcohol intake,
hypertension, and smoking) were categorised as (1)
never recorded, (2) first recorded at any life stage prior
to dementia diagnosis (or for controls prior to the date
of diagnosis of their matched case), (3) first recorded
after dementia diagnosis, or (4) unknown (Table 1). The
Unknown category was used where data were missing,
where there was no date of recording, or when the age
at which the risk factor was measured fell below a clini-
cally relevant or meaningful threshold (BMI <18 years,
smoking < 12 years; hypertension, diabetes, depression,
hearing loss, alcohol, and head injury all aged < o
years). For all analyses, the comparison of interest was
between the risk factor never having been recorded and
having been recorded prior to dementia diagnosis; the
other two categories were treated as covariates of no
interest.

Modifiable risk factors were defined as follows: type
II diabetes, depression, hypertension, high alcohol
intake, head injury, and hearing loss were defined by
the presence of a recorded diagnosis (see Supplemen-
tary Tables 3-8 for Read codes), hearing loss was also
defined by a referral for assessment of reported hearing
difficulty. Smoking status was defined as current, previ-
ous, or never having smoked. Body mass index (BMI)
was calculated using height and weight measurements
and participants were categorised as Overweight/Obese
(BMI 25-0-50-okg/m?), Normal weight (BMI 20-0-
24-9kg/m?), or Underweight (10-0-19-9kg/m?). Where
height was outside the range of 85-250 cm, weight was
outside the range of 9-250kg, or BMI was outside the
range of 10-50kg/m?, these data were deemed likely to
be spurious and were reclassified as Unknown.

We used a chi squared test to compare the propor-
tion of subjects with exposure to each risk factor
between ethnic groups.

Missing data. Of the 19,896 participants in the
matched analysis, the only completed observed variables
were age and gender, other variables had missingness
that fell below ten percent (Table 1). Missing data in
were categorised as unknown and treated as a separate
level in all analyses. As a sensitivity analysis, we
repeated the analyses with multiple imputation (MI),
using the “mice” R package,” following confirmation
that data were missing at random (MAR). MI creates m
> 1 complete datasets, in our case five, where the distri-
bution of observed data/variables is used to estimate
plausible values for missing data. Logistic regression
models were then fitted to each complete dataset. The m
results were pooled into a final estimate with
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computation of the total variance over the repeated anal-
yses by using Rubin’s Rule (1987).*°

Statistical modelling

Logistic regression models. We used conditional logis-
tic regression analysis to estimate odds ratios for
dementia for each factor of interest (Table 2). We mod-
elled the association of ethnic group and deprivation
decile with odds of dementia, adjusting for age and gen-
der (Matched Model 1). We then added modifiable risk
factors to the model as covariates (Matched Model 2).
As a sensitivity analysis, we built a multivariable model
fully adjusted for all covariates (age, gender, and modifi-
able risk factors) using the entire population of potential
controls (Unmatched Model).

Interaction testing. Within the matched case-control
analysis, we explored pairwise multiplicative interac-
tions of ethnicity and deprivation with each other, and
with each modifiable risk factor found to have a signifi-
cant effect in the preceding models, correcting for mul-
tiple comparisons. The fit of the model with the
addition of each interaction term was assessed using
the Akaike information criterion. We used the Benja-
mini-Hochberg test, to correct for pairwise interaction
tests, with a pre-specified alpha of 0.05 (Supplementary
Table 9). Where significant interactions were identified,
post hoc testing was used to identify which subject
group(s) were responsible for the effect.

We also examined for an additive interaction of eth-
nicity and deprivation in the matched-case control anal-
ysis, using a binarized deprivation classification (IMD
deciles 1-2 vs IMD deciles 3-10) where the relative excess
risk due to interaction (RERI) was estimated.

Association of ethnicity and deprivation with age at dementia
diagnosis. To determine the effects of ethnicity and dep-
rivation on age group at diagnosis of dementia we built
a cumulative model, with age group at diagnosis as the
response variable and gender, ethnicity and deprivation
decile as explanatory variables (Table 4).

Calculation of population attributable risk. To allow com-
parison of the importance of individual risk factors
within previous work in less diverse populations,” we
estimated the weighted population attributable risk
(PAR) for each factor of interest (Table ;). Individual
unweighted PARs were initially calculated for each vari-
able in turn, using Levin’s formula®" and their ORs
adjusted for all covariates in the unmatched population
(which approximates risk ratio for the rare outcome of
dementia). All the factors of interest were dichotomised
as follows: (1) ethnicity: White vs. Minoritized Ethnicity
(Black, South Asian, and Other); (2) deprivation:

remainder of quintiles vs. most deprived quintile; 3)
modifiable risk factors: never present vs. present prior
to diagnosis.

To calculate PAR estimates for interrelated risk fac-
tors, we weighted the PAR by factor communality. We
calculated a tetrachoric correlation matrix for the factors
of interest, which was used to conduct a principal com-
ponent analysis. Communality for each measured vari-
able was calculated as the square of the loadings of the
first principal component, which had eigenvalue > 1.
We then calculated weighted PAR as follows:

Weight (w) = 1 — communality
Overall PAR eighted

= 1—[(1—w x PAR;)(1—w x PAR,)(1—w x PAR;)...]

Individual PAR eighted

Individual PARnyeighted
= Overall PAR e
% (Individual PARnweighted) % weighted

Software

All statistical analyses were performed in R (v3.6.0).
This research was supported by the High-Performance
Cluster computing network hosted by Queen Mary Uni-
versity of London.

Role of the funding source

This research was funded by a grant from Barts Charity
(MGU0366). The funder of the study had no role in
study design, data collection, data analysis, data inter-
pretation, or writing of the report. All authors had full
access to all the data in the study and the corresponding
author had final responsibility for the decision to submit
for publication.

Results

Population demographics

Demographic and modifiable risk factor characteristics
are summarised in Table 1. Dementia cases and controls
were well-matched for age (mean age for cases: 807
years, (SD) 8-7; controls: 81-3 years, (SD) 8-9), and gen-
der (female cases: 60-3%, n = 2494; female controls:
59:4%, n = 9354). The ethnic composition of the entire
population was consistent with UK census estimates for
the region (White: 43-7%, n = 440,812; Black: 13-3%,
n = 134,297; South Asian: 21-5%, n = 216,408). There
were low levels of missing ethnicity data for matched
analysis (cases: 6:4%, n = 265; controls: 5-4%, n= 845).
There were high levels of deprivation, with 45%
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Table 1 (Continued)
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Characteristics Factors Dementia Cases, Matched Controls, Entire Population,
n=4,137,n (%) n= 15,754, n (%) n =1,016,277, n (%)
Age, mean (SD) 80-7 (8-7) 81.3(8-9) 40.5 (15-4)
Age <65 195 (4-7) 780 (5-0) 926,867 (91-2)
65-69 208 (5-0) 832(5-3) 29,544 (2-9)
70-74 329 (8-0) 1,316 (8-4) 21,246 (2-1)
75-79 749 (18:1) 2,996 (19-0) 16,421 (1-6)
80-84 1,021 (24-7) 4,084 (25-9) 11,916 (1-2)
85-89 981 (23.7) 3,924 (24-9) 6,831 (0-7)
90+ 654 (15-8) 1,822 (11-6) 3,452 (0-3)
Gender Female 2,494 (60-3) 9,354 (59-4) 496,577 (48-9)
Male 1,643 (39-7) 6,400 (40-6) 519,686 (51-1)
Unknown - - 14 (<0-1)
Ethnicity White 1,965 (47-5) 8,336 (52-9) 444,931 (43-8)
Black 941 (22-7) 2,828 (18-0) 135,971 (13-4)
South Asian 685 (16-6) 2,547 (16-2) 217,803 (21-4)
Other 281 (6-8) 1,198 (7-6) 114,995 (11-3)
Unknown 265 (6-4) 845 (5-4) 102,577 (10-1)
IMD Decile Most deprived- 1 735(17-8) 2,210 (14-0) 137,992 (13-6)
2 1,380 (33-4) 4,881 (31-0) 319,069 (31-4)
3 1,039 (25-1) 4,557 (28-9) 305,722 (30-1)
4 308 (7-4) 1,795 (11-4) 121,600 (12-0)
5 133(3-2) 914 (5-8) 56,163 (5-5)
6 57 (1-4) 326 (2-1) 21,000 (2-1)
7 48(1-2) 194 (1-2) 13,147 (1-3)
8-10 37(0-9) 233(1-5) 13,193 (1-3)
Unknown 400 (9-7) 644 (4-1) 28,391 (2-8)
Modifiable Risk Factors - - - -
Depression: Never ° 3,393 (82-0) 14,169 (89-9) 938,056 (92-3)
Prior-Dem ° 627 (15-2) 1,387 (8-8) 75,219 (7-4)
Post-Dem © 98 (2-4) 169 (1-1) 355 (<0-1)
Unknown ¢ 19 (0-5) 29 (0-2) 2,647 (0-3)
Head Injury: Never ° 3,810 (92:1) 15,115 (95-9) 983,035 (96-7)
Prior-Dem ° 195 (4-7) 423 (2-7) 32,622 (3-2)
Post-Dem © 131(3-2) 214 (1-4) 518(0-1)
Unknown ¢ 1(<0-1) 2(<0-1) 102 (<0-1)
Type Il Diabetes: Never ° 2,664 (64-4) 11,155 (70-8) 947,329 (93-2)
Prior-Dem ° 1,257 (30-4) 3,859 (24-5) 65,470 (6-4)
Post-Dem © 168 (4-1) 640 (4-1) 1,293 (0-1)
Unknown ¢ 48(1-2) 100 (0-6) 2,185 (0-2)
Underweight: Never ° 3,660 (88-5) 14,676 (93-2) 774,203 (76-2)
Prior-Dem ° 195 (4-7) 579 (3-7) 98,121 (9-7)
Post-Dem © 69 (1-7) 81(0-5) 241 (<0-1)
Unknown ¢ 213 (5-1) 418 (2-7) 143,712 (14-1)
Hearing Loss: Never ° 3,207 (77-5) 12,406 (78-7) 973,348 (95-8)
Prior-Dem ° 681 (16-5) 2,289 (14-5) 39,488 (3-9)
Post-Dem © 245 (5-9) 1,048 (6-7) 2,539 (0-2)
Unknown ¢ 4(0-1) 1(0-1) 902 (0-1)
Hypertension: Never ° 657 (15-9) 2,810(17-8) 815,185 (80-2)
Prior-Dem ° 3,114 (75-3) 11,596 (73-6) 195,228 (19-2)
Post-Dem © 328(7-9) 1,228 (7-8) 2,582 (0-3)
Unknown ¢ 38(0-9) 120 (0-8) 3,282 (0-3)
Smoking: Never 2,396 (57-9) 9,054 (57-5) 616,858 (60-7)
Ex- 1,015 (24-5) 3,967 (25-2) 116,318 (11-4)
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Characteristics Factors Dementia Cases, Matched Controls, Entire Population,
n=4,137, n (%) n= 15,754, n (%) n =1,016,277, n (%)
Current 634 (15-3) 2,487 (15-8) 228,677 (22-5)
Unknown 92(2-2) 246 (1-6) 54,424 (5-4)

Abbreviations: IMD, Index of Multiple Deprivation; SD, standard deviation.
@ Never recorded.

€ First recorded after dementia diagnosis.

all aged < o years).

Table 1: Demographic and modifiable risk factor characteristics of dementia cases, matched controls, and entire population.

® First recorded prior to dementia diagnosis (or for controls prior to the date of diagnosis of their matched case).

4" The Unknown category was used where data were missing, where there was no date of recording, or when the age at which the risk factor was measured
fell below a clinically relevant or meaningful threshold (BMI <18 years, smoking < 12 years; hypertension, diabetes, depression, hearing loss, and head injury

(n = 452,940) of the entire unmatched study population
in the two most deprived deciles of the UK.

Associations of ethnicity and deprivation with risk of
dementia

ORs for ethnicity and deprivation are shown in Table 2
and Figure 1. In Matched Model 1 (incorporating ethnic-
ity and deprivation, adjusting for age and gender),
dementia risk was increased in Black (OR 1-43, 95% CI
1-31-1-56) and South Asian ethnicities (OR 1-17, 95% CI
1-06-1-29) relative to White. Dementia risk decreased
with decreasing deprivation (p value for trend <o-oo1),
suggesting a dose-response relationship through the
most deprived five deciles (ORs (95%ClI) relative to 1st
decile: 2nd 0-85 (0-77-0-94), 3rd 0-69 (0-62 - 0-76),
4th 0-52 (0-45 - 0-:60), 5th 0-44 (0-36-0-53)). Results
for deciles 6-10 suggested a protective effect of decreas-
ing deprivation, but the estimates were imprecise.

Associations of ethnicity and deprivation with age at
dementia diagnosis

The effect of ethnicity and deprivation on age at demen-
tia diagnosis is shown in Table 4 and Figure 2. The
cumulative odds of being in an older age group at diag-
nosis revealed that Black (OR 0-70, 95% CI 0-61-0-80),
South Asian (OR o-55, 95% CI 0-47-0-65) and Other
(OR 072, 95% CI 0-57-0-90) ethnic groups had lower
odds of being in an older age group at diagnosis (i.e.
were on average younger at diagnosis) than White sub-
jects (all p < o-o01). There was no significant associa-
tion of deprivation with age at dementia diagnosis (all p
> 0:200).

Effects of modifiable risk factors

ORs for modifiable risk factors are shown in Table 2 and
Figure 1. After adjusting for all covariates, risk factors
found to have an effect on an increased risk of dementia
were depression (OR 1-90, 95%CI 1-70-2-11), head
injury (OR 177, 95%CI 1-48-2-11), underweight (OR
1-43, 95%CI 1-20-1-69), diabetes (OR 1-34, 95%CI 1-24-
1-46), hearing loss (OR 1-17, 95%CI 1-06-1-29) and

hypertension (OR 1-07, 95%CI 0-97-1-19). High alcohol
intake was strongly partitioned by ethnicity (due to cul-
tural/religious influences on alcohol consumption pat-
terns) and made the models unstable. It was therefore
removed from subsequent analyses. The effects of eth-
nicity and deprivation were largely unchanged after the
inclusion of modifiable risk factors in Matched Model 2.

Comparison of the proportion of subjects with
dementia having exposure to each risk factor prior to
dementia diagnosis revealed that prevalence of all risk
factors varied between groups (all p<o.oo04) except head
injury (p=0.277) (Table 6). Exposure to type II diabetes
prior to a dementia diagnosis had the most clinically
meaningful variation in prevalence by ethnic group
(Blacks 40-3% and South Asians 53-7% compared to
Whites 19-3%).

Sensitivity analyses

The results of the unmatched model are shown in
Table 2. The OR estimates for factors that were not used
in the matching process were similar, suggesting that
there was no substantial bias introduced by the case-
control matching process. The results of the models
with multiple imputation for missing data are shown in
Table 2. The effect estimates for ethnicity and depriva-
tion were not materially altered, suggesting the missing-
ness was not a major source of bias.

Interaction testing

Results of multiplicative interaction testing are shown
in Supplementary Table 9 and additive interaction test-
ing in Table 3.

Where statistically significant multiplicative interac-
tions were identified, post hoc analysis showed in all
cases that these were driven by small numbers of sub-
jects in the “Unknown” category, with only trends
towards significance in the categories that did not repre-
sent missing data. Thus, overall, no clinically meaning-
ful interactions were identified for the pairwise
multiplicative interactions of ethnicity and deprivation
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Characteristics Factors Matched Model 1, Matched Model 2, MI Matched Unmatched Model, MI Unmatched
ORs (95% CI) ORs (95% CI) Model 2, ORs (95% Cl) Model,
ORs (95%Cl) ORs (95% CI)
Age: <65 1-00 1-00 1-00 1-00 1-00
65-69 0-99 (0-76-1-29) 1-03 (0-84-1-26) 1-05 (0-85-1-28) 28-33 (23-10-34-76) 25-76 (20-60-32-21)
70-74 0-99 (0-73-1-34) 1-00 (0-83-1-20) 1-02 (0-85-1-23) 62-35 (51-65-75-45) 58-42 (47-42-71-97)
75-79 0-99 (0-69-1-41) 0-99 (0-83-1-19) 1-02 (0-86-1-23) 178-95 (150-73-213-30) 167-28 (138-84-201-55)
80-84 0-99 (0-65-1-50) 0-99 (0-82-1-19) 1.05 (0-87-1-26) 363-55 (307-01-432-35) 341-75 (285-06-409-71)
85-89 0-98 (0-60-1-61) 1-36 (1-12-1-66) 1.54(1-27-1-87) 69379 (583-77-827-91) 664-76 (548-55-805-57)
90+ 1-40 (0-78-2-53) 1-02 (0-94-1-10) 1-03 (0-96-1-11) 998-70 (829-18-1206-85) 1008-65 (809-76-1256-39)
Gender: Female' 1-00 1.00 1.00 1.00 1-00
Male 0-98 (0-91-1-05) 1-04 (0-83-1-30) 1-04 (0-83-1-30) 0-90 (0-84-0-97) 0-92 (0-86-0-99)
Ethnicity: White' 1-00 1-00 1-00 1-00 1-00
Black 1-43(1-31-1-56) 1-46 (1-32-1-61) 1-42(1-29-1-57) 1-48 (1-35-1-62) 1-44 (1-32-1.58)
South Asian 117 (1-06-1-29) 1-18 (1-06-1-31) 1-15(1-03-1-27) 1-16 (1-05-1-28) 1-13(1-03-1-24)
Other 102 (0-89-1-17) 1.07 (0-92-1-23) 1-04 (0-90-1-20) 1-08 (0-94-1-23) 1.05 (0-91-1-21)
Unknown 1-33(1-15-1-54) 1-16 (0-99-1-36) - 1-20(1-03-1-38) -
IMD Decile: Most 1.00 1-00 1-00 1-00 1-00
deprived 1'
(Ptrena<0.001) 2 0-85 (0-77-0-94) 0-86 (0-77-0-95) 0-87 (0-78-0-96) 0-89 (0-81-0-98) 0-91 (0-82-1-02)
3 0-69 (0-62-0-76) 0-71 (0-64-0-79) 0-71 (0-63-0-79) 0-72 (0-65-0-80) 0-74 (0-67-0-82)
4 0-52 (0-45-0-60) 0-55 (0-48-0-64) 0-55(0-47-0-64) 0-56 (0-49-0-65) 0-58 (0-44-0-78)
5 0-44 (0-36-0-53) 0-48 (0-39-0-58) 0-48 (0-39-0-59) 0-51(0-42-0-61) 0-62 (0-48-0-81)
6 0-53 (0-39-0-70) 0-60 (0-44-0-80) 0-60 (0-45-0-80) 0-58 (0-43-0-76) 0-55 (0-41-0-74)
7 0-74 (0-53-1-02) 0-85 (0-60-1-18) 0-88 (0-64-1-22) 0-85(0-61-1-14) 0-82(0-51-1-33)
8-10 0-48 (0-33-0-67) 0-51(0-35-0-72) 0-51(0-36-0-74) 0-50 (0-54-0-69) 0-60 (0-19-1-84)
Unknown 1.84 (1-58-2-14) 1-88(1-61-2-19) - 1-84 (1-60-2-12) -
Modifiable
risk factors™
Depression - 1-90 (1-70-2-11) 1-32(1-22-1-44) 1.98 (1-80-2-18) 1-35(1-25-1-46)
Head injury - 1.77 (1-48-2-11) 0-97 (0-88-1-06) 1-74 (1-49-2-03) 0-98 (0-90-1-08)
Underweight - 1-43 (1-20-1-69) 1-88 (1-69-2-09) 1-41 (1-20-1-65) 1.95(1.77-2-16)
Type Il diabetes - 1-34 (1-24-1-46) 1-37(1-16-1-63) 1.37(1.27-1-48) 1-36 (1-13-1-63)
Hearing loss - 1-17 (1-06-1-29) 1-13(1-03-1-25) 1-38(1-26-1-51) 134 (1-22-1-47)
Hypertension - 1-07 (0-97-1-19) 1-74 (1-45-2.07) 1-29 (1-16-1-43) 1-67 (1-43-1-96)
Ex-smoker - 0-99 (0-90-1-08) 1-02 (0-92-1-13) 1-00 (0-92-1-09) 121 (1-10-1-34)
Current smoker - 1-00 (0-90-1-11) 1-06 (0-91-1-24) 1.01 (0-92-1-12) 1.02 (0-87-1-19)
Table 2: Association of demographic characteristics and risk factors with odds of dementia diagnosis.
Abbreviations: CI, confidence interval; IMD, Index of Multiple Deprivation; MI, Multiple Imputation Model; OR odds ratio.
Matched Model 1: matched case-control analysis, ethnicity and deprivation, adjusted for age (as a continuous variable) and gender.
Matched Model 2: matched case-control analysis, each factor adjusted for all other factors.
Unmatched Model: As a sensitivity analysis, we built a fully adjusted multivariable model using the entire population of potential controls. Each factor adjusted
for all other factors in the model.
* The comparison of interest was between the risk factor never having been recorded and having been recorded prior to dementia diagnosis.
' Reference group.

with each other, or with each of the modifiable risk fac-
tors.

The results of the additive interaction testing
between ethnicity and deprivation showed a negative
interaction, suggesting that the effect of ethnicity was
relatively greater among those who are less deprived
(relative excess risk due to interaction -2-24 (-2-92 to

-1:56)).

Population attributable risk of risk factors

Weighted PARs are shown in Table 5. The most impor-
tant risk factors in this population were deprivation
(weighted PAR 11-7%) and minority ethnicity (weighted
PAR 9-7%).

Discussion
Here we show in a diverse population that those who
identify as Black or South Asian are at an increased risk
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of dementia relative to those who identify as White.
This disparity was not accounted for by area-level socio-
economic deprivation or modifiable risk factors. Ethnic-
ity and deprivation had higher population attributable
fractions than any of the more established modifiable
clinical risk factors and health behaviours in this study,
suggesting that they are important independent associa-
tions of dementia risk.

Research cohorts tend to be over-representative of
relatively affluent White participants.”*** The roles of
ethnicity and deprivation in determining dementia risk
have therefore often been overlooked, and this is a
major knowledge gap in dementia research.” By
leveraging National Health Service data infrastructure
to create a population study of one of the most diverse
and deprived regions of the United Kingdom,** we
show that those who are less likely to be represented in
dementia research are more likely to suffer from
dementia. This highlights that improving representa-
tion in research is urgently needed.
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0-82 (0-52-1-26);
P=0-36

3.43 (2:.85-4-13);
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5.26 (3.75-7-37);
P=<0-00
3.92 (2:47-6-16);
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2:51 (1-68-3-69);
P=<0-00
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P=<0.00
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1.76 (1-11-2.75)
P =001

Table 3: Additive interaction between ethnicity and deprivation on the risk of a dementia diagnosis.

Abbreviations: CI, confidence interval; IMD, Index of Multiple Deprivation; MI, Multiple Imputation Model; OR odds ratio.
Measure of interaction on additive scale: RERI (95%Cl) = -2-24 (-2:92 to -1-56).
ORs are adjusted for age (categorised), gender, and modifiable risk factors (depression, head injury, diabetes, underweight, hearing loss, hypertension and smoking.

‘Reference group.
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Coefficients for parameters Dementia Cases, n = 4,137, n (%) OR:s for age at diagnosis (95%Cl) P value
Explanatory Variables
Gender: Female ' 2,494 (60-3) 100 -
Male 1,643 (39:7) 0-70 (0-63-0-78) <0-001
Ethnicity: White ' 1,965 (47-5) 1.00 -
Black 941 (22.7) 0-70 (0-61-0-80) <0-001
S. Asian 685 (16-6) 0-55 (0-47-0-65) <0-001
Other 281 (6-8) 0-72 (0-57-0-90) <0-001
Unknown 265 (6-4) 1-06 (0-84-1-34) 0-823
IMD Decile: Most Deprived 1 ! 735(17-8) 1-00 -
2 1,380 (33-4) 0-99 (0-85-1-17) 0-880
3 1,039 (25-1) 1-04 (0-88-1-23) 0-500
4 308 (7-4) 0-99 (0-78-1-25) 0-667
5 133(3-2) 0-97 (0-70-1-34) 0-885
6 57 (1-4) 1-43 (0-90-2-30) 0-211
7 48(1-2) 1-19 (0-69-2-05) 0-691
8-10 10(0-2) 1-38 (0-75-2-54) 0-322
Unknown 400 (9-7) 1-63 (1-31-2-02) <0-001
Table 4: Cumulative model of age at dementia diagnosis by ethnicity, deprivation and gender.
Abbreviations: CI, confidence interval; IMD, Index of Multiple Deprivation; MI, Multiple Imputation Model; OR odds ratio.
Age at dementia diagnosis (years): < 65 (reference), 65-69, 70-74, 75-89, 9o+.
OR represent the cumulative odds of being in an older age group at death (OR below 1 estimates a younger age at diagnosis, and OR above 1 estimates an
increased age at diagnosis compared to reference group).
"Reference group.

This work is the first dementia study to adequately
represent a large UK South Asian population and dem-
onstrates that dementia risk is higher in this group than
in the White population within the same region. The
finding of increased risk in the Black population is con-
sistent with previous evidence.”'>*> Whereas this

increase in risk has sometimes been ascribed to depriva-
tion or vascular risk factors,’® adjusting for these did not
materially alter the effect estimates in our study, sug-
gesting that the association is likely to be mediated by
other unobserved factors. There was no meaningful
multiplicative interaction between ethnicity, deprivation

Factor Dementia Cases, Unmatched Adjusted Population V] ghted C lity Weighted
n=4,137, n (%) Controls, OR (95%CI) Prevalence PAR PAR
n =1,007,94, n (%)
Ethnic Minority® 1,908 (46-1) 465,104 (46-1) 1-31(1-21-1-41) 51-3% 13-7% 1-7% 9-7%
Deprived (IMD 2,117 (51-1) 452,940 (44-9) 1-43 (1-33-1.53) 46-3% 16-6% 1-9% 11.7%
deciles 1 and 2)

Depressionb 627 (15-1) 74,592 (7-4) 1-98 (1-80-2-18) 7-4% 6-8% 18-6% 4-8%

Head injury" 195 (4-7) 32,095 (3-2) 1.76 (1-50-2-05) 3-2% 2-4% 1-8% 1-1%

Type Il diabetes” 1,257 (6-4) 64,213 (30-4) 1-36 (1-26-1-47) 6-:5% 2:3% 72-4% 1-6%

Underweightb 195 (4-7) 97,926 (9-7) 1-38(1-17-1-61) 11-2% 4-1% 25-1% 2:9%

Hearing loss® 681 (16-5) 38,807 (3-9) 1-35(1-24-1-48) 3-9% 1-3% 24-0% 1-0%

Hypertensionb 3,114 (75-2) 192,114 (19-1) 1-30(1-18-1-44) 19:3% 5-5% 73-7% 3.9%

Ex Smokingb 1,015 (24-5) 114,411 (11-4) 1-01 (0-93-1-10) 12:1% 0-1% 7-9% 0-1%

TOTAL 37:3%
Table 5: Population attributable risk of ethnicity, deprivation, and modifiable risk factors.
Abbreviations: CI, confidence interval; IMD, Index of Multiple Deprivation; MI, Multiple Imputation Model; OR Odds Ratio; PAR, population attributable risk.
The table shows adjusted ORs from the unmatched model incorporating all risk factors (age, gender, ethnicity, deprivation, modifiable risk factors), together
with population risk factor prevalence, unweighted PAR, communality of each risk factor and weighted PAR estimate after adjusting for communality.

# Ethnic Minority group consists of: Black, South Asian, and Other.

e comparison of interest was between the risk factor never having been recorded and having been recorded prior to dementia diagnosis, or being an ex-

> Th pari fi b he risk f: having b ded and having b ded pri d ia diagnosi being

smoker.
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Figure 1. The figure shows odds ratios for factors of interest in the matched case-control analysis with all risk factors included
(Matched Model 2). Error bars represent 95% Cl. Abbreviations: Cl, confidence interval; IMD, Index of Multiple Deprivation.

and modifiable risk factors, implying that the effect of
each risk factor is similar across ethnic and socioeco-
nomic groups (with the caveat that there may be inade-
quate power to detect small interaction effects in this
study). Despite the absence of interaction, the variation
in prevalence of risk factors by ethnic group may still
account for some of the variation in dementia risk. In
particular, the increased prevalence of diabetes among
Black and South Asian subjects with dementia may
account for some of the excess risk in these groups, and
this is reflected in the relatively high PAR for diabetes
in the population as a whole.*®

These findings have implications for prioritising
dementia prevention strategies in diverse and deprived
populations, in whom the importance of modifiable risk
factors have previously been emphasised.**°*” The pop-
ulation attributable risk estimates we show indicate that
targeting established modifiable risk factors may be of
relatively modest benefit within East London, whereas
targeting any modifiable factors underlying the
increased risk attributable to ethnicity and deprivation
could potentially prevent a greater proportion of cases.

Ethnicity and area-level deprivation are complex
social constructs, and there are many possible factors
that could mediate the observed increase in dementia
risk. Stressful and traumatic life events are increasingly
recognised to influence risk of dementia, and it is possi-
ble that certain adverse events across the life course are
more common in specific demographic groups.***° In
particular, experience of both daily and institutional rac-
ism might determine some of the racial differences in

the burden of stressful life events, and thereby affect
later life cognitive function and risk of dementia.>® Sim-
ilarly, stress induced by poverty has been shown to
directly influence cognitive function.® The finding that
dementia risk declined through the most deprived four
deciles and was relatively static thereafter is consistent
with an effect of poverty in those who are most deprived,
without a clear linear effect among the less deprived
deciles. The negative additive interaction we identified
(where ethnicity had a relatively greater effect among
those who are less deprived) could also be consistent
with an effect of chronic stressors.

Although ethnicity cannot be defined in genetic
terms, it is possible that there is a degree of genetic
stratification within ethnoracial groups. Most current
knowledge concerning genetic risk for dementia is
derived from participants of White European ancestry.*'
Evaluating genetic risk in other populations will require
new genome-wide association studies in those popula-
tions.>* Simply assessing the burden of major risk
alleles and polygenic risk scores derived from White
populations will not be sufficient. Some evidence has
suggested that APOE &4 genotype may have a smaller
effect on dementia risk in populations with African
ancestry, and that gene-environment interactions could
also vary by ethnicity. >34

The setting for this study has important strengths.
The use of a single geographical region is likely to have
reduced confounding by environmental factors such as
air pollution, while the comprehensive analysis of
almost all adults registered with a primary care provider
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Figure 2. The figure shows raincloud plots® of age at dementia
diagnosis (= 40 years) for all subjects grouped by ethnicity (top
panel) and deprivation decile (bottom panel). Individual data
points represent cases, with box and whisker plots showing
median and interquartile range, and superimposed probability
densities. Colours of individual data points in the lower plot cor-
respond to ethnic groups from the plot above. The younger
cases (below age 40) have been censored to ensure data points
are not identifiable.
Abbreviations: IMD, Index of Multiple Deprivation.

may have mitigated to some extent against selection and
ascertainment biases. Where ascertainment bias exists
in our study, it is likely to relate to factors that influence
access to memory clinic services and diagnostic accu-
racy within those services.®® In other studies, these have
tended to result in underestimating dementia risk in
ethnic minority and deprived groups, suggesting that
they would bias our results towards the null.? Our data
may have suffered less from this bias than other studies
because healthcare provision in East London is designed
to try to address some of these inequities, including
community dementia awareness-raising, bilingual staff

www.thelancet.com Vol 15 Month April, 2022

in memory clinics, and the use of bespoke culturally fair
assessment tools. This drive to recognise and mitigate
health inequalities in East London is also reflected by
the near universal ascertainment of ethnicity at primary
care registration, reflected here by low rates of missing
ethnicity data in comparison to other studies.”

A major limitation of this study is the lack of data on
some dementia risk factors, particularly education and
air pollution. It is possible that the associations between
ethnicity, deprivation and dementia risk are partly con-
founded by such factors. It is unlikely that education
could account for all of the effect, particularly as the
large effect of education on dementia risk estimated by
the Lancet Commission is based on having no second-
ary education at all.> We would anticipate this to be rare
in our population: only 0.2% of UK adults have no sec-
ondary education.’® Moreover, recent evidence suggests
that socioeconomic status may in fact mediate the asso-
ciation between education and dementia risk.”” A fur-
ther important limitation is an inability with these data
to account for migration, and therefore to establish how
much of dementia risk might be attributable to place of
residence at different times of life. This may be particu-
larly problematic for those with dementia who have
moved into residential care away from their earlier life
exposures. There are inherent limitations in the ascer-
tainment of dementia cases through primary care
recording; and we were unable here to meaningfully
analyse variations in risk for specific dementia syn-
dromes." We are also unable to establish whether varia-
tions in the accuracy of recorded diagnosis by ethnicity
could be a source of bias in this study. There are poten-
tial limitations in the type of analysis employed here. A
nested case-control study is known to reduce statistical
power, compared to the parent cohort due to smaller
sample size, and is also limited in its potential for causal
inference. The fully adjusted models in the logistic
regression also risk overadjustment, and hence attenua-
tion of the effects of modifiable risk factors.

Dementia risk factors have varying effects across the
life course.” While most of the modifiable risk factors
here had effects broadly consistent with previous evi-
dence, these data are unable to fully take account of the
timing and duration of the risk factors. This may go
some way to explaining the attenuated effect of smoking
in this population, and the inverse association with body
mass index. There is growing interest in the link
between nutritional factors and dementia risk.>* Dietary
patterns vary according to ethnicity and deprivation,
and our finding that the association between BMI and
dementia risk is dominated by underweight rather than
overweight goes some way to suggesting that poor nutri-
tion could be of particular importance in this popula-
tion, although declining BMI is also recognised as a
prodromal feature of dementia.’® Patterns of risk factor
treatment might also alter the effect of risk factors (e.g.
through undertreatment, delayed treatment or the use

1
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Characteristics Factors Dementia Cases, n = 4,137, n (%) X? Test
White n = 1,965 (47-5) Black n =941 (22.7) S.Asian n = 685 (16-6) Other n = 281 (6-8) P value

Age, mean (SD) 82-3(8-8) 80-7 (8-3) 789 (8-7) 80-4 (9-8) -

Age <65 72(3-7) 50 (5-3) 47 (6-9) 17 (6-0) <0-001
65-69 102 (5-2) 33(3-5) 49 (7-2) 14 (5-0) <0-001
70-74 148 (7-5) 74 (7-9) 54 (7-9) 32(11-4) <0-001
75-79 320 (16-3) 185(19-7) 164 (23-9) 48 (17-1) <0-001
80-84 436 (22-2) 282 (30-0) 185 (27-0) 62 (22-1) <0-001
85-89 497 (25-3) 212 (22:5) 138 (20-1) 67 (23-8) <0-001
90+ 390 (19-8) 105 (11-2) 48 (7-0) 41 (14-6) <0-001

Gender ' Female 1260 (64-1) 558 (59-3) 345 (50-4) 160 (56-9) <0-001
Male 705 (35-9) 383 (40-7) 340 (49-6) 121 (43-1)

IMD Binary 1-2 1055 (53-7) 497 (52-8) 337 (49-2) 123 (43-8) <0-001
3-10 677 (34-5) 373 (39:6) 315 (46-0) 138 (49-1)
Unknown ¢ 233 (11-9) 71(7-5) 33(4-8) 20(7-1)

Depression: Never ? 1,547 (78-7) 817 (86-8) 568 (82-9) 236 (84-0) <0-001
Prior-Dem ° 355(18-1) 100 (10-6) 98 (14-3) 40 (14-2)
Post-Dem © 53(2:7) 18(1-9) 17 (2-5) 5(1-8)
Unknown ¢ 10 (0-5) 6 (0-6) 2(0-3) 0(0-0)

Head Injury: Never ° 1785 (90-8) 875 (93-0) 646 (94-3) 257 (91-5) 0-277
Prior-Dem ° 108 (5-5) 44 (4-7) 20 (2-9) 12 (4-3)
Post-Dem © 71 (3-6) 22(2-3) 19 (2-8) 12 (4-3)
Unknown ¢ 1(01) 0(0-0) 0(0-0) 0(0-0)

Type |l Diabetes: Never ° 1,524 (77-6) 495 (52-6) 262 (38-2) 179 (63-7) <0-001
Prior-Dem ° 380 (19-3) 379 (40-3) 368 (53-7) 87 (31-0)
Post-Dem © 52(2-6) 46 (4-9) 45 (6-6) 12 (4-3)
Unknown ¢ 9(0-5) 21(2-2) 10(1-5) 3(1-1)

Underweight: Never ° 1,738 (88-4) 873 (92-8) 615 (89-8) 264 (64-2) <0-001
Prior-Dem ° 91 (4-6) 30(3-2) 51(7-4) 11 (4-5)
Post-Dem © 33(1-7) 14 (15 5(0-7) 1(0:6)
Unknown ¢ 103 (5-2) 24 (2-6) 14 (2-0) 5(25-3)

Hearing Loss: Never ° 1483 (75-5) 769 (81-7) 522 (76-2) 214 (76-2) 0-004
Prior-Dem ° 369 (18-8) 118 (12-5) 117 (17-1) 45 (16-0)
Post-Dem © 112(5-7) 53 (5-6) 44 (6-4) 22 (7-8)
Unknown ¢ 1(01) 1(0:1) 2(0-3) 0(0-0)

Hypertension: Never * 374 (19-0) 97 (10-3) 75 (10-9) 41 (14-6) <0-001
Prior-Dem ° 1,408 (71-7) 776 (82-5) 554 (80-9) 217 (77-2)
Post-Dem © 164 (8-3) 58 (6-2) 49 (7-2) 21(7-5)
Unknown ¢ 19(1-0) 10 (1-1) 7(1-0)) 2(07)

Smoking: Never ° 939 (47-8) 674 (71-6) 441 (64-4) 187 (66-5) <0-001
Ex-° 605 (30-8) 171(18-2) 122(17-8) 54 (19-2)
Current © 381 (19-4) 80 (8:5) 111 (16-2) 35(12-5)
Unknown ¢ 40 (2-0) 16 (1-7) 11 (1-6) 5(1-8)

a

b

Never recorded.

c

d

all aged < o years).

Table 6: Demographic and risk factor characteristics in dementia cases, stratified by ethnicity.
Abbreviations: IMD, Index of Multiple Deprivation; SD, standard deviation.

First recorded prior to dementia diagnosis (or for controls prior to the date of diagnosis of their matched case).
First recorded after dementia diagnosis.
The Unknown category was used where data were missing, where there was no date of recording, or when the age at which the risk factor was measured
fell below a clinically relevant or meaningful threshold (BMI <18 years, smoking < 12 years; hypertension, diabetes, depression, hearing loss, and head injury

of particular medications), and this warrants further

exploration.”

Future work should emphasise the value of ade-
quately representative longitudinal cohort studies,

which reflect the ethnicity and area-level socioeconomic
status of the population from which they are drawn.
This would support more detailed analysis to uncover
the biological underpinnings of variation in dementia
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risk by these demographic factors, paving the way for
more inclusive therapeutic trials, and ultimately for
more equitable prevention and treatment of dementia.

Conclusions

Ethnicity and area-level deprivation are independently
associated with dementia risk in this deprived multira-
cial urban population. Understanding the underlying
mechanisms by which ethnicity and deprivation confer
this increased risk of dementia could enhance dementia
prevention efforts, making them applicable across eth-
noracial and socioeconomic boundaries.
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