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Abstract

IMPORTANCE Individual conditions have been identified as risk factors for dementia; however, it is
important to consider the role of multimorbidity, as conditions often co-occur.

OBJECTIVE To investigate whether multimorbidity is associated with incident dementia and
whether associations vary by different clusters of disease and genetic risk for dementia.

DESIGN, SETTING, AND PARTICIPANTS This population-based prospective cohort study used data
from the UK Biobank cohort, with baseline data collected between 2006 and 2010 and with up to
15 years of follow-up. Participants included women and men without dementia and aged at least 60
years at baseline. Medical conditions were captured as part of nurse-led verbal interviews conducted
at baseline assessment centers. Data were analyzed from October 2020 to July 2022.

EXPOSURES The presence of at least 2 long-term conditions from a preselected list of 42 conditions
was used to define multimorbidity. High genetic risk for dementia was based on presence of 1 or 2
apolipoprotein (APOE) ε4 alleles.

MAIN OUTCOMES AND MEASURES The main outcome, incident dementia, was derived from
hospital inpatient and death registry records. Associations of multimorbidity with dementia were
assessed with Cox proportional hazards models.

RESULTS A total of 206 960 participants (mean [SD] age, 64.1 [2.9] years, 108 982 [52.7%]
women) were included in the final sample, of whom 89 201 participants (43.1%) had multimorbidity.
Over a mean (SD) of 11.8 (2.2) years of follow-up, 6182 participants (3.0%) developed dementia. The
incidence rate was 1.87 (95% CI, 1.80-1.94) per 1000 person-years for those without multimorbidity
and 3.41 (95% CI, 3.30-3.53) per 1000 person-years for those with multimorbidity. In Cox
proportional hazards models adjusted for age, sex, ethnicity, education, socioeconomic status, and
APOE-ε4 carrier status, multimorbidity was associated with an increased risk of incident dementia
(hazard ratio [HR], 1.63 [95% CI, 1.55-1.71]). The highest dementia risk was observed for the
hypertension, diabetes, and coronary heart disease cluster (HR, 2.20 [95% CI, 1.98-2.46]) and pain,
osteoporosis, and dyspepsia cluster (HR, 2.00 [95% CI, 1.68-2.37]) in women and in the diabetes and
hypertension cluster (HR, 2.24 [95% CI, 1.97-2.55]) and coronary heart disease, hypertension, and
stroke cluster (HR, 1.94 [95% CI, 1.71-2.20]) in men, compared with no multimorbidity. The
associations between multimorbidity and dementia were greater in those with a lower genetic risk of
dementia (HR, 1.96 [95% CI, 1.81-2.11]) than in those with a higher genetic risk of dementia (HR, 1.39
[95% CI, 1.30-1.49]). Similar findings were observed when stratifying diseases clusters by genetic risk
for dementia.

CONCLUSIONS AND RELEVANCE These findings suggest that multimorbidity was associated with
an increased risk of dementia. The associations varied by clusters of disease and genetic risk for
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Abstract (continued)

dementia. These findings could help with the identification of individuals at high risk of dementia as
well as the development of targeted interventions to reduce or delay dementia incidence.
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Introduction

Owing to increasing life expectancy, the global prevalence of dementia is projected to increase 3-fold
within 30 years, from 57 million to 153 million individuals by 2050.1 Despite the increasing overall
incidence, there is evidence that the age-specific prevalence of dementia is declining.2 This decline
in prevalence could partially be due to improvements in the control and treatment of cardiovascular
and metabolic diseases, such as hypertension, stroke, and diabetes.3 These and other health-
related conditions have previously been identified as potentially key modifiable risk factors for
dementia reduction.4,5

However, health conditions often do not occur in isolation, with approximately one-third of the
global population living with 2 or more long-term health conditions, termed multimorbidity.6,7 Similar
to dementia, the prevalence of multimorbidity increases substantially with age, with approximately
two-thirds of individuals aged 65 to 84 years and more than 80% of those aged 85 years or older
living with multiple conditions.8 Consequently, when investigating the role of certain health
conditions as risk factors for dementia, it is important to understand the role of multiple conditions,
in particular whether certain clusters of disease are differentially associated with dementia risk.9

To our knowledge, 2 studies have investigated the association between multimorbidity and
dementia risk.10,11 Both found that multimorbidity was associated with an increased risk of dementia,
while one found that neuropsychiatric, cardiovascular, and sensory impairment or cancer clusters,
but not a respiratory, metabolic, and musculoskeletal cluster, were associated with an increased
risk.11 The same study found no evidence that apolipoprotein (APOE) ε4, the strongest genetic risk
factor for dementia,12 modified these associations.11

However, these studies included between 500 and 700 participants with incident dementia
and might have lacked sufficient statistical power to detect whether certain disease clusters are
associated with different risks of dementia and whether genetic risk for dementia modifies these
associations.10,11

In this study of more than 200 000 participants, including nearly 6200 participants with
incident dementia, we investigated whether multimorbidity and disease clusters were associated
with incident dementia and whether any observed associations were modified by genetic risk for
dementia.

Methods

The UK Biobank received ethical approval from the National Health Service North West Centre for
Research Ethics Committee. All participants provided electronically signed informed consent. This
study is reported following the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.

Population
Between 2006 and 2010, approximately half a million women and men aged between 40 and 69
years joined the UK Biobank study.13,14 All participants attended 1 of 22 baseline assessment centers
located throughout England, Scotland, and Wales and provided informed consent. At assessment,
participants provided sociodemographic, lifestyle, and health-related information through a
touchscreen questionnaire and nurse-led verbal interview and underwent a range of physical
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examinations. Blood samples were obtained and used to perform genome-wide genotyping at a
later date.

A total of 502 412 individuals participated in UK Biobank. To restrict to individuals at risk of
developing dementia over the follow-up period, we excluded 284 943 participants aged younger
than 60 years at baseline. A further 166 participants with prevalent dementia and 10 343 participants
with missing covariate information were excluded, resulting in a final sample of 206 960
participants.

Multimorbidity
Participants self-reported medical conditions during the nurse-led verbal interview at baseline
assessment. The interviewer was guided by a tree structure loosely based on the International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) coding
system to ensure entries were standardized.15 In this study, the diseases included in the
multimorbidity definition were based on the list developed by Barnett and colleagues (eTable 1 in the
Supplement).8,16 Multimorbidity was defined as the presence of at least 2 of the 42 conditions.
Participants with zero or 1 condition were defined as not having multimorbidity and formed the
reference group in the analyses.

Dementia
Dementia was ascertained using hospital inpatient and death registry records. Primary and
secondary hospital diagnoses and causes of deaths were recorded using the International
Classification of Diseases, Ninth Revision (ICD-9) and ICD-10 coding systems. The codes for dementia
were previously selected and validated by the UK Biobank outcome adjudication group and are listed
in eTable 2 in the Supplement.17 Participants with a diagnosis of dementia prior to study baseline or
who self-reported having dementia during the verbal interview at baseline assessment were
excluded from this study.

Covariates
Sociodemographic covariates included age in years, sex (women and men), ethnicity (classified
based on self report and dichotomized as White and non-White), education (college or university or
professional qualification, secondary school or vocational qualification, and no qualification), and
tertiles of socioeconomic status (measured with the Townsend deprivation score combining
information on social class, employment, car availability, and housing).18 The non-White ethnicity
category included participants who identified as Asian or Asian British, Black or Black British,
Chinese, mixed ethnicity, or other ethnic group. Ethnicity was included because the risk of dementia
and multimorbidity has been reported to vary substantially by ethnic group.4,19 APOE-ε4 carrier
status was classified as noncarrier and carrier and determined using the rs429358 and rs7412 single
nucleotide polymorphisms, which were directly genotyped on the UK Biobank arrays.20

Statistical Analysis
All Analyses
Cox proportional hazards models adjusted for age, sex, ethnicity, education, socioeconomic status,
and APOE-ε4 carrier status were used to estimate the association of multimorbidity and disease
clusters with incident dementia. Person-years were calculated from date of attending baseline
assessment until date of first dementia diagnosis, date of death, date lost to follow-up, or end of
follow-up, whichever occurred first. End of follow-up was based on the availability of the medical
record data in UK Biobank, which was censored at September 30, 2021, for England; July 31, 2021, for
Scotland; and February 28, 2018, for Wales. All models were assessed for the proportionality of
hazards assumption using log-log plots, Kaplan-Meier observed survival curves, and post hoc tests of
proportional hazards with Schoenfeld residuals. Sex violated the proportional hazards assumption
and was adjusted for using a stratified Cox model. Participants with missing data or who answered
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prefer not to answer or do not know constituted less than 5% of the sample and were excluded from
the analyses. Dementia incidence rates (IRs) per 1000 person-years were calculated for each
exposure group.

P values were 2-sided, and the type I error rate for statistical significance was set at α = .05.
Analyses were performed using Stata SE version 17.0 (StataCorp). RStudio version 1.4.1717 (poLCA
package; R Project for Statistical Computing) was used to derive disease clusters for the latent class
analysis. The analyses were performed from October 2020 to July 2022.

Multimorbidity
In the main analysis we investigated the association between multimorbidity (�2 conditions)
compared with no multimorbidity (�1 condition) and incident dementia. In a sensitivity analysis, we
repeated the main analysis using 3 separate follow-up periods of up to 5 years, more than 5 years to
10 years and longer than 10 years. This was to explore the potential for reverse causation bias due to
dementia’s long prodromal period, whereby the underlying pathological characteristics of preclinical
dementia may affect health several years prior to a clinical diagnosis.21 In secondary analyses, we
investigated the possibility of a dose-response association by categorizing multimorbidity as no more
than 1 condition compared with 2, 3, 4, 5, or 6 or more conditions. To investigate potential effect
modification by sociodemographic factors, interaction terms were entered into the main model for
multimorbidity by age, sex, ethnicity, education, and socioeconomic status, then stratified analyses
were performed within the following groups for each characteristic: age (<65 years and �65 years),
sex (women and men); ethnicity (White and non-White), education (college or university or
professional qualification, secondary school or vocational qualification, and no qualification), and
socioeconomic status (in tertiles). In a secondary analysis, we investigated the association of
multimorbidity with Alzheimer disease and vascular dementia.

Disease Clusters
Latent class analysis was used to determine disease clusters, allocating each participant with
multimorbidity to a single nonoverlapping cluster while allowing health conditions to contribute by
varying probabilities to multiple clusters.22 Clusters were estimated separately for men and women,
as output from exploratory models of the total sample showing several sex-dominant cluster groups
(eTable 3 in the Supplement). A random training sample of 80% of participants with multimorbidity
was used to determine the optimal number of clusters in men and women and subsequently to
estimate the association of disease clusters with dementia risk. Output statistics were generated for
multiple latent class analysis models of between 1 to 12 cluster solutions, and the optimal numbers
of clusters were determined using a combination of sample size–adjusted Bayesian Information
Criteria statistics, clinical judgement, and capping the smallest cluster to greater than 5% of the
training sample. Each cluster within men and women was characterized by the 3 health conditions
with the highest probabilities greater than 5% of contributing to that cluster, excluding conditions for
which their observed prevalence was equal to or less than that of the expected prevalence of the
total population of men and women.

To assess the validity of the determined cluster solutions, conditions from the remaining 20%
of men and women with multimorbidity (a test sample) were entered into latent class analysis
models, setting the number of clusters to match the optimal number from the training set. The
characterization and relative size of the clusters determined from the training and test samples were
compared, as were their associations with dementia risk in Cox proportional hazards models.

Modification by APOE-ε4
An interaction term for multimorbidity and APOE-ε4 carrier status was first entered into the main
models, then stratified analyses were performed within noncarrier and carrier subgroups. These
analyses were repeated for each disease cluster. Due to the known variance in APOE status by

JAMA Network Open | Neurology Multimorbidity, Disease Clusters, and Modification by Genetic Factors in Risk of Dementia

JAMA Network Open. 2022;5(9):e2232124. doi:10.1001/jamanetworkopen.2022.32124 (Reprinted) September 20, 2022 4/13

Downloaded From: https://jamanetwork.com/ on 09/19/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.32124&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.32124


ethnicity23 and the small proportion of participants who reported an ethnicity other than White,
these analyses were restricted to those who reported White ethnicity.

Results

The final sample included 206 960 participants, with an overall mean (SD) age of 64.1 (2.9) years,
including 108 982 (52.7%) women. Of these, 89 201 (43.1%) had multimorbidity at baseline.
Participants with multimorbidity were more likely to be older, be women, report non-White ethnicity,
have lower educational qualifications, and be from more socioeconomically deprived areas,
compared with those with no multimorbidity (Table 1). No difference in APOE-ε4 carrier status was
observed by presence or absence of multimorbidity. Baseline characteristics by incident dementia
are presented in eTable 4 in the Supplement. A total of 6182 participants (3.0%) developed dementia
over 2 451 957 person-years of follow-up, with a mean (SD) of 11.8 (2.2) years of follow-up per
participant.

Multimorbidity
The IR of dementia was almost double in participants with multimorbidity compared with those with
no multimorbidity (IR, 3.41 [95% CI, 3.30-3.53] per 1000 person-years vs IR, 1.87 [95% CI, 1.80-
1.94] per 1000 person-years) (Figure 1). In fully adjusted Cox proportional hazards models,
multimorbidity was associated with an increased risk of dementia compared with no multimorbidity
(hazard ratio [HR], 1.63 [95% CI, 1.55-1.71]) (Figure 1). The pattern of associations remained similar
when restricting to different periods of follow-up (Figure 1). For instance, for participants with at least
10 years of follow-up, the risk of incident dementia associated with multimorbidity was 59% higher
(HR, 1.59 [95% CI, 1.47-1.71]). When investigating number of conditions with dementia risk, a dose-
response association compared with no multimorbidity was observed (2 conditions: HR, 1.41 [95% CI,
1.32-1.50]; 3 conditions: HR, 1.61 [95% CI, 1.49-1.73]; 4 conditions: HR, 2.19 [95% CI, 1.99-2.40]; 5

Table 1. Baseline Characteristics by Multimorbidity

Characteristics

Participants, No. (%)
No multimorbidity
(n = 117 759)

Multimorbidity
(n = 89 201)

Total sample
(N = 206 960)

Age, mean (SD), y 63.9 (2.8) 64.5 (2.9) 64.1 (2.9)

Sex

Women 61 803 (52.5) 47 179 (52.9) 108 982 (52.7)

Men 55 956 (47.5) 42 022 (47.1) 97 978 (47.3)

Ethnic group

White 114 860 (97.5) 86 311 (96.8) 201 171 (97.2)

Non-Whitea 2899 (2.5) 2890 (3.2) 5789 (2.8)

Education

College, university, or professional
qualification

52 629 (44.7) 34 237 (38.4) 86 866 (42.0)

Secondary school or vocational
qualification

36 834 (31.3) 26 845 (30.1) 63 679 (30.8)

No qualification 28 296 (24.0) 28 119 (31.5) 56 415 (27.3)

Socioeconomic status, tertile

1 (least deprived) 27 304 (23.2) 17 554 (19.7) 44 858 (21.7)

2 73 038 (62.0) 53 738 (60.2) 126 776 (61.3)

3 (most deprived) 17 417 (14.8) 17 909 (20.1) 35 326 (17.1)

APOE-ε4 status

Noncarrier 84 592 (71.8) 64 121 (71.9) 148 713 (71.9)

Carrier 33 167 (28.2) 25 080 (28.1) 58 247 (28.1)

Follow-up, mean (SD), y 12.0 (2.0) 11.6 (2.4) 11.8 (2.2)

Abbreviation: APOE, apolipoprotein E.
a Non-White ethnicity includes participants who

identified as Asian or Asian British, Black or Black
British, Chinese, mixed ethnicity, or other
ethnic group.
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conditions: HR, 2.59 [95% CI, 2.26-2.96]; �6 conditions: HR, 3.15 [95% CI, 2.65-3.75]) (Figure 2;
eTable 5 in the Supplement).

There was no statistically significant interaction between multimorbidity and age, sex, ethnicity,
education, or socioeconomic status in relation to incident dementia. The effect estimates for the
association between multimorbidity and incident dementia within each strata of age, sex, ethnicity,
education, and socioeconomic status are provided in eTable 6 in the Supplement. Multimorbidity
remained associated with dementia subtypes, with a higher risk observed for vascular dementia (917
participants; HR, 2.57 [95% CI, 2.24-2.96]) and an attenuated association for Alzheimer disease
(1786 participants: HR, 1.33 [95% CI, 1.21-1.46])

Disease Clusters
The analysis for women included 41 conditions (prostate disorders excluded), and the analysis for
men included 40 conditions (polycystic ovaries and endometriosis excluded). In a comparison of
latent class analysis models, we identified 7 clusters as the optimal number for women and 6 clusters
as the optimal number for men (eFigure 1 in the Supplement). A thyroid disease cluster was unique
to women, and a coronary heart disease (CHD) and diabetes cluster was unique to men (eTable 7 and

Figure 1. Cox Proportional Hazards Models for the Association Between Multimorbidity and Incident Dementia by Different Follow-up Periods

Favors no
dementia

Favors
dementia

Participants, No.
With
dementia

Total
sampleMultimorbidity

Complete follow-up
HR (95% CI)b

Incidence rate
(95% CI)a

2639 117 759 1.87 (1.80-1.94)No multimorbidity 1 [Reference]
3543 89 201 3.41 (3.30-3.53)Multimorbidity 1.63 (1.55-1.71)

0-5
229 117 759 4.52 (4.35-4.70)No multimorbidity 1 [Reference]
339 89 201 8.08 (7.82-8.35)Multimorbidity 1.72 (1.45-2.03)

>5 to 10
1146 115 209 2.12 (2.03-2.20)No multimorbidity 1 [Reference]
1598 85 544 3.82 (3.69-3.96)Multimorbidity 1.66 (1.54-1.79)

>10
1264 107 782 0.94 (0.89-0.99)No multimorbidity 1 [Reference]
1606 76 893 1.68 (1.60-1.76)Multimorbidity 1.59 (1.47-1.71)

Follow-up period, y

310.7
HR (95% CI)

a Incidence rate per 1000 person-years.
b All models adjusted for age, ethnicity, education, socioeconomic status, and apolipoprotein ε4 status.

Figure 2. Cox Proportional Hazards Models for the Association Between Number of Multimorbid Conditions
and Incident Dementia

1

H
R 

(9
5%

 C
I)

Multimorbidities, No.
0-1 2 3 4 5 >6

2

3

4

All models adjusted for age, ethnicity, education,
socioeconomic status, and APOE-ε4 status. Dementia
cases, sample size, hazard ratios, and incidence rates
within each number of mulimorbidities group are
presented in eTable 5 in the Supplement.
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eTable 8 in the Supplement). There was high similarity in the characteristics of the cluster groups for
men and women in the training samples vs the cluster groups in the test samples (eTable 9 in the
Supplement). Certain clusters, while consisting of a range of conditions, were largely characterized
by 1 disease, such as cancer in both women and men and thyroid disorders in women (eTable 7 and
eTable 8 in the Supplement).

All disease clusters in men and women were associated with an increased risk of dementia
compared with no multimorbidity (Table 2). In women, the hypertension, diabetes, and CHD cluster
(HR, 2.20 [95% CI, 1.98-2.46]) and pain, osteoporosis, and dyspepsia cluster (HR, 2.00 [95% CI,
1.68-2.37]) were associated with the highest risk of incident dementia compared with no
multimorbidity. In men, the diabetes and hypertension cluster (HR, 2.24 [95% CI, 1.97-2.55]) and
CHD, hypertension, and stroke cluster (HR, 1.94 [95% CI, 1.71-2.20]) were associated with the highest
risk of incident dementia compared with no multimorbidity.

Modification by APOE-ε4
Multimorbidity significantly interacted with APOE-ε4 carrier status in association with incident
dementia. When stratifying by APOE-ε4 carrier status, the risk of incident dementia associated with
multimorbidity was greater in noncarriers (HR, 1.96 [95% CI, 1.81-2.11]) and attenuated in carriers
(HR, 1.39 [95% CI, 1.30-1.49]). Similarly, the associations for disease clusters were stronger within
noncarriers for both women and men (Figure 3).

Table 2. Sex-Stratified Cox Proportional Hazards Models for the Association Between Disease Clusters
and Incident Dementia

Disease clustersa

Participants, No.
Median
morbidities
(IQR)

Hazard ratio
(95% CI)b

Incident rate
(95% CI)c

With
incident
dementia Overall

Women

No multimorbidity 1231 61 803 1 (0–1) 1 [Reference] 1.64 (1.55-1.74)

Hypertension (100%),
Diabetes (23%),
and CHD (15%)

452 9107 2 (2-3) 2.20 (1.98-2.46) 4.22 (3.85-4.63)

Cancer (100%) 188 6440 2 (2-3) 1.37 (1.17-1.60) 2.52 (2.19-2.91)

Thyroid disorders (100%) 173 5387 3(2-3) 1.44 (1.23-1.69) 2.68 (2.31-3.11)

Pain (63%),
Dyspepsia (37%),
and Depression (23%)

155 5184 2 (2-4) 1.43 (1.21-1.69) 2.47 (2.11-2.89)

Asthma (100%),
COPD (12%)

161 4742 3 (2-4) 1.66 (1.41-1.95) 2.86 (2.45-3.34)

Pain (100%) and
Hypertension (100%)

120 3578 2 (2-3) 1.42 (1.18-1.72) 2.79 (2.33-3.33)

Pain (46%),
Osteoporosis (25%),
and Dyspepsia (24%)

2 (2-3) 2.00 (1.68-2.37) 3.74 (3.18-4.40)

Men

No multimorbidity 1408 55 956 1 (0-1) 1 [Reference] 2.12 (2.01-2.23)

Hypertension (100%),
Pain (43%),
and Dyspepsia (19%)

349 9259 2 (2-3) 1.38 (1.22-1.55) 3.24 (2.92-3.60)

CHD (100%),
Hypertension (74%),
Stroke (9%)

313 5603 3 (2-4) 1.94 (1.71-2.20) 5.02 (4.49-5.61)

Asthma (100%)
COPD (13%)
Psoriasis (9%)

173 5051 3 (2-3) 1.32 (1.12-1.54) 2.97 (2.56-3.45)

Pain (54%)
Dyspepsia (34%)
Prostate disorders (24%)

197 4846 2 (2-3) 1.52 (1.31-1.77) 3.47 (3.02-4.00)

Diabetes (100%),
Hypertension (85%)
Cancer (100%)

281 4742 3 (2-3) 2.24 (1.97-2.55) 5.28 (4.70-5.94)

149 4088 2 (2-3) 1.41 (1.19-1.66) 3.35 (2.85-3.93)

Abbreviations: CHD, coronary heart disease; COPD,
chronic obstructive pulmonary disease.
a Each cluster was characterized by the 3 health

conditions with the highest probabilities greater than
5% of contributing to that cluster, excluding
conditions with observed prevalence equal to or less
than that of the total population’s expected
prevalence. The percentages represent the
prevalence of the condition within the cluster, ie, for
hypertension, 100% of individuals within the cluster
had hypertension.

b All models adjusted for age, ethnicity, education,
socioeconomic status and apolipoprotein ε4 status.

c Incidence rate per 1000 person-years.
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Figure 3. Cox Proportional Hazards Models of the Interaction of Disease Clusters and Apolipoprotein (APOE) ε4 Status With Incident Dementia

Favors no
dementia

Favors
dementia

Participants, No.
With
dementia

Total
sample

Disease clusters, by
APOE-ε4 carrier statusa

No multimorbidityd
HR (95% CI)c

Incidence rate
(95% CI)b

439 43 345 0.83 (0.76-0.91)Noncarrier 1 [Reference]
757 16 922 3.71 (3.45-3.98)Carrier 1 [Reference]

Hypertension, diabetes, and CHD
204 6239 2.77 (2.41-3.17)Noncarrier 2.79 (2.36-3.29)
223 2434 7.88 (6.91-8.99)Carrier 1.87 (1.61-2.17)

Cancer
85 4495 1.63 (1.32-2.02)Noncarrier 1.78 (1.41-2.24)
103 1850 4.84 (3.99-5.87)Carrier 1.18 (0.96-1.45)

Thyroid
78 3791 1.71 (1.37-2.14)Noncarrier 1.80 (1.41-2.29)
92 1458 5.30 (4.32-6.50)Carrier 1.26 (1.02-1.57)

Pain, dyspepsia, and depression
72 3697 1.60 (1.27-2.02)Noncarrier 1.80 (1.41-2.32)
82 1427 4.76 (3.84-5.91)Carrier 1.24 (0.99-1.56)

Asthma and COPD
60 3313 1.52 (1.18-1.95)Noncarrier 1.72 (1.31-2.25)
99 1278 6.61 (5.43-8.05)Carrier 1.69 (1.37-2.08)

Pain and hypertension
49 2473 1.64 (1.24-2.17)Noncarrier 1.62 (1.21-2.18)
67 955 5.89 (4.64-7.49)Carrier 1.34 (1.04-1.72)

Pain, osteoporosis, and dyspepsia
71 2335 2.56 (2.03-3.23)Noncarrier 2.66 (2.07-3.42)
67 876 6.54 (5.15-8.31)Carrier 1.54 (1.20-1.97)

WomenA

Favors no
dementia

Favors
dementia

Participants, No.
With
dementia

Total
sample

Disease clusters, by
APOE-ε4 carrier statusa

No multimorbidityd
HR (95% CI)c

Incidence rate
(95% CI)b

611 39 092 1.31 (1.21-1.42)Noncarrier 1 [Reference]
762 15 501 4.17 (3.88-4.47)Carrier 1 [Reference]

Hypertension, pain, and dyspepsia
175 6428 2.33 (2.01-2.70)Noncarrier 1.60 (1.35-1.90)
168 2583 5.63 (4.84-6.55)Carrier 1.20 (1.01-1.41)

CHD, hypertension, and stroke
163 3767 3.88 (3.33-4.52)Noncarrier 1.81 (1.48-2.23)
141 1630 7.83 (6.64-9.23)Carrier 1.23 (0.98-1.54)

Asthma, COPD, and psoriasis
87 3569 2.11 (1.71-2.61)Noncarrier 2.41 (2.02-2.87)
75 1336 4.87 (3.89-6.11)Carrier 1.59 (1.33-1.91)

Pain, dyspepsia, and prostate cancer
106 3460 2.61 (2.16-3.16)Noncarrier 1.52 (1.21-1.90)
85 1305 5.60 (4.52-6.92)Carrier 1.07 (0.85-1.36)

Diabetes and hypertension
149 3178 4.17 (3.55-4.90)Noncarrier 2.84 (2.37-3.40)
109 1176 8.28 (6.87-10.00)Carrier 1.72 (1.41-2.11)

Cancer
79 2906 2.48 (1.99-3.09)Noncarrier 1.61 (1.27-2.03)
64 1106 5.39 (4.22-6.89)Carrier 1.15 (0.89-1.48)

MenB

410.6
HR (95% CI)

410.6
HR (95% CI)

P for
interaction

P for
interaction

NA

NA

.02

.01

.001

.04

<.001

.06

<.001

.01

.03

.03

.91

.33

.003

CHD indicates coronary heart disease; COPD, chronic obstructive pulmonary disease;
HR, hazard ratio; NA, not applicable.
a Each cluster was characterized by the 3 health conditions with the highest probabilities

greater than 5% of contributing to that cluster, excluding conditions for which
observed prevalence was equal to or less than that of the total population’s expected
prevalence.

b Incidence rate per 1000 person-years.
c All models adjusted for age, ethnicity, education, socioeconomic status and APOE-ε4.
d No multimorbidity non–APOE-ε4 carrier serves as reference group for non–APOE-ε4

clusters and ε4 carrier serves as reference group for ε4 carrier clusters.
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However, despite higher relative risks in noncarriers, the absolute risks were higher in APOE-ε4
carriers. For example, among noncarriers, the IR was 2.33 (95% CI, 2.23-2.45) per 1000 person-
years for those with multimorbidity, compared with 1.06 (95% CI, 1.00-1.12) per 1000 person-years
for those without multimorbidity. In comparison, among APOE-ε4 carriers, the IR was 3.92 (95% CI,
3.73-4.13) per 1000 person-years for those with multimorbidity and 6.12 (95% CI, 5.83-6.41) per
1000 person-years for those without multimorbidity. Therefore, the risk difference, calculated by
subtracting the no multimorbidity IRs from the multimorbidity IRs, were higher within APOE-ε4
carriers: 2.20 per 1000 person-years in APOE-ε4 carriers vs 1.27 per 1000 person-years in
noncarriers. Similar findings were observed for disease clusters (Figure 3).

Discussion

In this large UK-based cohort study of more than 200 000 participants aged 60 years or older,
multimorbidity was associated with a 63% increased risk of developing dementia over 15 years of
follow-up. A dose-response association was observed between number of conditions and dementia
risk. Various disease clusters were differentially associated with dementia risk, with hypertension,
diabetes, and CHD and pain, osteoporosis, and dyspepsia clusters in women and diabetes and
hypertension and CHD, hypertension, and stroke clusters in men associated with double or more the
risk of dementia. The associations were consistently stronger among individuals with a lower genetic
risk for dementia based on APOE-ε4 carrier status. However, the risk differences between absence
and presence of multimorbidity were larger in those with a higher genetic risk for dementia.

Our findings are consistent with a recent study of 10 095 UK-based adults followed over 32
years.10 A study by Ben Hassen and colleagues10 found that multimorbidity was associated with an
increased risk of dementia and that there was a dose-response association between number of
conditions and dementia risk. Ben Hassen et al10 also observed that the risk of dementia associated
with multimorbidity was greater when the onset of multimorbidity was in midlife, with the
associations attenuating when multimorbidity occurred at older ages. In this study, we restricted our
analyses to participants aged 60 years or older at baseline, since few dementia cases have accrued
in participants younger than 60 years. This is likely due to the mean follow-up time of approximately
12 years being insufficiently long for younger participants to develop dementia. In the future, our
findings could be extended to investigate whether the associations between particular disease
clusters and dementia, as well as the interactions between genetic risk for dementia, vary by age
of onset.

To our knowledge, only 1 previous study has explored multimorbidity and different clusters of
disease in association with dementia risk. In a study including 2478 adults in Sweden, Grande and
colleagues11 found that neuropsychiatric, cardiovascular, and sensory impairment or cancer, but not
respiratory, metabolic, and musculoskeletal clusters of multimorbidity, were associated with an
increased risk of dementia over 12 years follow-up. We identified similar clusters in association with
dementia; however, we also found that clusters driven by respiratory and metabolic conditions were
associated with dementia risk. Grande and colleagues11 included 506 individuals with incident
dementia, compared with 6182 individuals with incident dementia included in this study, so they
might have lacked the statistical power to detect certain disease clusters in association with
dementia.

Grande and colleagues11 found no significant interactions for the associations of cardiovascular
and neuropsychiatric clusters with dementia risk among APOE-ε4 carriers. In contrast, we found a
statistically significant interaction of APOE genotype with multimorbidity and dementia risk, finding
stronger associations in noncarriers. The pattern of associations remained similar for disease clusters.
Presence of the APOE-ε4 allele is responsible for around a quarter of heritability for the most
common form of dementia, Alzheimer disease.24 APOE-ε4 has been reported as associated with an
increased risk of various vascular diseases,25,26 with inconsistent associations observed for
nonvascular diseases, such as depression27 and cancer.28
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Our observation of a higher risk of dementia in noncarriers could be due to the substantially
elevated baseline risk of dementia in APOE-ε4 carriers, which could attenuate the relative risk of
dementia associated with multimorbidity within this group. This is supported by our finding that the
absolute risk differences between no multimorbidity and multimorbidity presence and clusters were
greater in participants with a higher genetic risk of dementia. Nevertheless, this finding could have
important implications for recruitment into prevention trials for Alzheimer disease, which are
increasingly incorporating presence of APOE-ε4 alleles into the inclusion criteria.29 If a trial is
targeting disease clusters for dementia risk reduction, then the inclusion of noncarriers might be
recommended.

In this study, the strongest associations with dementia for both sexes were identified for
clusters largely driven by cardiometabolic and cardiovascular diseases, such as hypertension,
diabetes, coronary heart disease, and stroke. This is consistent with the recommendations from
expert panels that suggest targeting these conditions for dementia risk reduction.4,5 Such
recommendations typically focus on these conditions individually, whereas our findings suggest
co-occurrence of these conditions might be especially important. Interestingly, despite depression
being considered a key risk factor for dementia,4,30 we did not identify any clusters that were largely
driven by mental health conditions. However, this might be due to the low prevalence of mental
health conditions in our sample, with less than 5% of participants having depression or
schizophrenia.

We also identified clusters in women and men for less well-established risk factors, such as
respiratory diseases and cancer. Meta-analyses have found that reduced pulmonary function and
respiratory disease are associated with dementia incidence and death,31,32 with reduced oxygen to
the brain resulting in neuronal death as a potential causal mechanism.33 Conversely, meta-analyses
have largely found that cancer is inversely associated with dementia risk.34,35 However, previous
findings have been based on cancer alone, whereas we found that cancer in the presence of other
diseases was associated with an increased risk of dementia. In this study, other clusters grouped
diseases from multiple organ systems, such as pain, osteoporosis, and dyspepsia in women and pain,
dyspepsia, and prostate disorders in men. These findings can be viewed as hypothesis-generating,
with future studies focusing on whether such clusters of disease could provide new insights into the
risk of developing dementia. This study has several strengths, including a large sample size, long
follow-up period, and the availability of detailed and diverse data, which enabled both a
comprehensive definition of multimorbidity and exploration of genetic interactions.

Limitations
This study has several limitations. The conditions used to define multimorbidity were self-reported.
Incident dementia was ascertained using hospital inpatient and death registry records. While studies
have found these to be accurate sources of dementia diagnoses, they will underestimate cases
captured in other sources, such as primary care or memory clinics.17,36 However, misclassification
errors or underreporting are likely to have biased the results toward the null. We investigated the
associations with Alzheimer disease and vascular dementia; however, the available medical record
data have lower accuracy for identifying dementia subtypes.17 The future availability of primary care
records should address this limitation. Our findings are limited to a UK-based cohort, which also has
evidence of a healthy volunteer bias at recruitment.14 Therefore, the replicability of our results
should be investigated in other populations that have different demographic structures, patterns of
disease prevalence, and health care programs. Due to the observational nature of the study, causality
cannot be inferred and residual confounding remains.

Conclusions

This cohort study found that multimorbidity was associated with increased risk of incident dementia.
Dementia risk was highest in women with hypertension, diabetes, and CHD or with pain,
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osteoporosis, and dyspepsia disease clusters and in men with diabetes and hypertension or with
CHD, hypertension, and stroke disease clusters. The relative risk was greater in participants with a
lower genetic risk of dementia. However, the absolute difference in risk between participants with
and without multimorbidity was greater among individuals with a higher genetic risk of dementia.
Overall, these findings could improve identification of individuals at high risk of dementia and
highlight the necessity of targeting clusters of diseases for dementia prevention rather than
individual risk factors.

ARTICLE INFORMATION
Accepted for Publication: August 1, 2022.

Published: September 20, 2022. doi:10.1001/jamanetworkopen.2022.32124

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Calvin CM
et al. JAMA Network Open.

Corresponding Author: Thomas J. Littlejohns, Big Data Institute, University of Oxford, Old Road Campus, Oxford,
UK, OX3 7LF (thomas.littlejohns@ndph.ox.ac.uk).

Author Affiliations: Nuffield Department of Population Health, University of Oxford, Oxford, United Kingdom
(Calvin, Conroy, Littlejohns); College of Medicine and Health, University of Exeter, Exeter, United Kingdom
(Moore); Albertinen-Haus Centre for Geriatrics and Gerontology, University of Hamburg, Hamburg, Germany
(Kuźma).

Author Contributions: Dr Calvin had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Drs Kuźma and Littlejohns contributed equally.

Concept and design: Calvin, Conroy, Kuzma, Littlejohns.

Acquisition, analysis, or interpretation of data: Calvin, Conroy, Moore, Littlejohns.

Drafting of the manuscript: Kuzma, Littlejohns.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Calvin, Conroy.

Administrative, technical, or material support: Calvin.

Supervision: Kuzma, Littlejohns.

Conflict of Interest Disclosures: None reported.

Funding/Support: Drs Calvin and Conroy are supported by the Wellcome Trust and Medical Research Council. Dr
Kuźma was supported by the Nicolaus and Margrit Langbehn Foundation.

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Additional Information: This research has been conducted using the UK Biobank Resource under application
No. 41115.

REFERENCES
1. GBD 2019 Dementia Forecasting Collaborators. Estimation of the global prevalence of dementia in 2019 and
forecasted prevalence in 2050: an analysis for the Global Burden of Disease Study 2019. Lancet Public Health.
2022;7(2):e105-e125. doi:10.1016/S2468-2667(21)00249-8

2. Wu YT, Beiser AS, Breteler MMB, et al. The changing prevalence and incidence of dementia over time—current
evidence. Nat Rev Neurol. 2017;13(6):327-339. doi:10.1038/nrneurol.2017.63

3. Pase MP, Satizabal CL, Seshadri S. Role of improved vascular health in the declining incidence of dementia.
Stroke. 2017;48(7):2013-2020. doi:10.1161/STROKEAHA.117.013369

4. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention, intervention, and care: 2020 report of the
Lancet Commission. Lancet. 2020;396(10248):413-446. doi:10.1016/S0140-6736(20)30367-6

5. World Health Organization. Risk reduction of cognitive decline and dementia: WHO guidelines. Accessed
August 18, 2022. https://www.who.int/publications/i/item/9789241550543

JAMA Network Open | Neurology Multimorbidity, Disease Clusters, and Modification by Genetic Factors in Risk of Dementia

JAMA Network Open. 2022;5(9):e2232124. doi:10.1001/jamanetworkopen.2022.32124 (Reprinted) September 20, 2022 11/13

Downloaded From: https://jamanetwork.com/ on 09/19/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.32124&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.32124
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.32124
mailto:thomas.littlejohns@ndph.ox.ac.uk
https://dx.doi.org/10.1016/S2468-2667(21)00249-8
https://dx.doi.org/10.1038/nrneurol.2017.63
https://dx.doi.org/10.1161/STROKEAHA.117.013369
https://dx.doi.org/10.1016/S0140-6736(20)30367-6
https://www.who.int/publications/i/item/9789241550543


6. Nguyen H, Manolova G, Daskalopoulou C, Vitoratou S, Prince M, Prina AM. Prevalence of multimorbidity in
community settings: a systematic review and meta-analysis of observational studies. J Comorb. 2019;9:
X19870934. doi:10.1177/2235042X19870934

7. Cassell A, Edwards D, Harshfield A, et al. The epidemiology of multimorbidity in primary care: a retrospective
cohort study. Br J Gen Pract. 2018;68(669):e245-e251. doi:10.3399/bjgp18X695465

8. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of multimorbidity and implications
for health care, research, and medical education: a cross-sectional study. Lancet. 2012;380(9836):37-43. doi:10.
1016/S0140-6736(12)60240-2

9. Whitty CJM, MacEwen C, Goddard A, et al. Rising to the challenge of multimorbidity. BMJ. 2020;368:l6964.
doi:10.1136/bmj.l6964

10. Ben Hassen C, Fayosse A, Landré B, et al. Association between age at onset of multimorbidity and incidence of
dementia: 30 year follow-up in Whitehall II prospective cohort study. BMJ. 2022;376:e068005. doi:10.1136/bmj-
2021-068005

11. Grande G, Marengoni A, Vetrano DL, et al. Multimorbidity burden and dementia risk in older adults: The role of
inflammation and genetics. Alzheimers Dement. 2021;17(5):768-776. doi:10.1002/alz.12237

12. Farrer LA, Cupples LA, Haines JL, et al; APOE and Alzheimer Disease Meta Analysis Consortium. Effects of age,
sex, and ethnicity on the association between apolipoprotein E genotype and Alzheimer disease: a meta-analysis.
JAMA. 1997;278(16):1349-1356. doi:10.1001/jama.1997.03550160069041

13. Sudlow C, Gallacher J, Allen N, et al. UK biobank: an open access resource for identifying the causes of a wide
range of complex diseases of middle and old age. PLoS Med. 2015;12(3):e1001779. doi:10.1371/journal.pmed.
1001779

14. Fry A, Littlejohns TJ, Sudlow C, et al. Comparison of sociodemographic and health-related characteristics of UK
Biobank participants with those of the general population. Am J Epidemiol. 2017;186(9):1026-1034. doi:10.1093/
aje/kwx246

15. UK Biobank. Verbal interview stage: version 1.1. Accessed August 6, 2021. https://biobank.ndph.ox.ac.uk/
showcase/ukb/docs/Interview.pdf

16. Jani BD, Hanlon P, Nicholl BI, et al. Relationship between multimorbidity, demographic factors and mortality:
findings from the UK Biobank cohort. BMC Med. 2019;17(1):74. doi:10.1186/s12916-019-1305-x

17. Wilkinson T, Schnier C, Bush K, et al; Dementias Platform UK and UK Biobank. Identifying dementia outcomes
in UK Biobank: a validation study of primary care, hospital admissions and mortality data. Eur J Epidemiol. 2019;34
(6):557-565. doi:10.1007/s10654-019-00499-1

18. Townsend P, Phillimore P, Beattie A. Health and Deprivation: Inequality and the North. Croom Helm; 1988.

19. Bisquera A, Turner EB, Ledwaba-Chapman L, et al. Inequalities in developing multimorbidity over time:
A population-based cohort study from an urban, multi-ethnic borough in the United Kingdom. Lancet Reg Health
Eur. 2021;12:100247. doi:10.1016/j.lanepe.2021.100247

20. Bycroft C, Freeman C, Petkova D, et al. The UK Biobank resource with deep phenotyping and genomic data.
Nature. 2018;562(7726):203-209. doi:10.1038/s41586-018-0579-z

21. Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the preclinical stages of Alzheimer’s disease:
recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer’s disease. Alzheimers Dement. 2011;7(3):280-292. doi:10.1016/j.jalz.2011.03.003

22. Zhu Y, Edwards D, Mant J, Payne RA, Kiddle S. Characteristics, service use and mortality of clusters of
multimorbid patients in England: a population-based study. BMC Med. 2020;18(1):78. doi:10.1186/s12916-020-
01543-8

23. Farrer LA, Cupples LA, Haines JL, et al; APOE and Alzheimer Disease Meta Analysis Consortium. Effects of age,
sex, and ethnicity on the association between apolipoprotein E genotype and Alzheimer disease: a meta-analysis.
JAMA. 1997;278(16):1349-1356.

24. Van Cauwenberghe C, Van Broeckhoven C, Sleegers K. The genetic landscape of Alzheimer disease: clinical
implications and perspectives. Genet Med. 2016;18(5):421-430. doi:10.1038/gim.2015.117

25. Wilson PWF, Schaefer EJ, Larson MG, Ordovas JM. Apolipoprotein E alleles and risk of coronary disease:
a meta-analysis. Arterioscler Thromb Vasc Biol. 1996;16(10):1250-1255. doi:10.1161/01.ATV.16.10.1250

26. Wei LK, Au A, Menon S, et al. Polymorphisms of MTHFR, eNOS, ACE, AGT, ApoE, PON1, PDE4D, and ischemic
stroke: meta-analysis. J Stroke Cerebrovasc Dis. 2017;26(11):2482-2493. doi:10.1016/j.jstrokecerebrovasdis.2017.
05.048

JAMA Network Open | Neurology Multimorbidity, Disease Clusters, and Modification by Genetic Factors in Risk of Dementia

JAMA Network Open. 2022;5(9):e2232124. doi:10.1001/jamanetworkopen.2022.32124 (Reprinted) September 20, 2022 12/13

Downloaded From: https://jamanetwork.com/ on 09/19/2023

https://dx.doi.org/10.1177/2235042X19870934
https://dx.doi.org/10.3399/bjgp18X695465
https://dx.doi.org/10.1016/S0140-6736(12)60240-2
https://dx.doi.org/10.1016/S0140-6736(12)60240-2
https://dx.doi.org/10.1136/bmj.l6964
https://dx.doi.org/10.1136/bmj-2021-068005
https://dx.doi.org/10.1136/bmj-2021-068005
https://dx.doi.org/10.1002/alz.12237
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1997.03550160069041&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.32124
https://dx.doi.org/10.1371/journal.pmed.1001779
https://dx.doi.org/10.1371/journal.pmed.1001779
https://dx.doi.org/10.1093/aje/kwx246
https://dx.doi.org/10.1093/aje/kwx246
https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Interview.pdf
https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Interview.pdf
https://dx.doi.org/10.1186/s12916-019-1305-x
https://dx.doi.org/10.1007/s10654-019-00499-1
https://dx.doi.org/10.1016/j.lanepe.2021.100247
https://dx.doi.org/10.1038/s41586-018-0579-z
https://dx.doi.org/10.1016/j.jalz.2011.03.003
https://dx.doi.org/10.1186/s12916-020-01543-8
https://dx.doi.org/10.1186/s12916-020-01543-8
https://www.ncbi.nlm.nih.gov/pubmed/9343467
https://dx.doi.org/10.1038/gim.2015.117
https://dx.doi.org/10.1161/01.ATV.16.10.1250
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.05.048
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.05.048


27. Feng F, Lu SS, Hu CY, et al. Association between apolipoprotein E gene polymorphism and depression. J Clin
Neurosci. 2015;22(8):1232-1238. doi:10.1016/j.jocn.2015.02.012

28. Li XL, Liu YL, Zhang HM, et al. The relationship between apolipoprotein E gene ε2/ε3/ε4 polymorphism and
breast cancer risk: a systematic review and meta-analysis. OncoTargets Ther. 2016;9:1241-1249. doi:10.2147/
OTT.S94228

29. Reiman EM, Langbaum JB, Tariot PN. Alzheimer’s prevention initiative: a proposal to evaluate
presymptomatic treatments as quickly as possible. Biomark Med. 2010;4(1):3-14. doi:10.2217/bmm.09.91

30. Diniz BS, Butters MA, Albert SM, Dew MA, Reynolds CF III. Late-life depression and risk of vascular dementia
and Alzheimer’s disease: systematic review and meta-analysis of community-based cohort studies. Br J
Psychiatry. 2013;202(5):329-335. doi:10.1192/bjp.bp.112.118307

31. Russ TC, Kivimäki M, Batty GD. Respiratory disease and lower pulmonary function as risk factors for dementia:
a systematic review with meta-analysis. Chest. 2020;157(6):1538-1558. doi:10.1016/j.chest.2019.12.012

32. Russ TC, Starr JM, Stamatakis E, Kivimäki M, Batty GD. Pulmonary function as a risk factor for dementia death:
an individual participant meta-analysis of six UK general population cohort studies. J Epidemiol Community
Health. 2015;69(6):550-556. doi:10.1136/jech-2014-204959

33. Peers C, Dallas ML, Boycott HE, Scragg JL, Pearson HA, Boyle JP. Hypoxia and neurodegeneration. Ann N Y
Acad Sci. 2009;1177(1):169-177. doi:10.1111/j.1749-6632.2009.05026.x

34. Shi HB, Tang B, Liu YW, Wang XF, Chen GJ. Alzheimer disease and cancer risk: a meta-analysis. J Cancer Res Clin
Oncol. 2015;141(3):485-494. doi:10.1007/s00432-014-1773-5

35. Zhang Q, Guo S, Zhang X, et al. Inverse relationship between cancer and Alzheimer’s disease: a systemic
review meta-analysis. Neurol Sci. 2015;36(11):1987-1994. doi:10.1007/s10072-015-2282-2

36. Wilkinson T, Ly A, Schnier C, et al; UK Biobank Neurodegenerative Outcomes Group and Dementias Platform
UK. Identifying dementia cases with routinely collected health data: a systematic review. Alzheimers Dement.
2018;14(8):1038-1051. doi:10.1016/j.jalz.2018.02.016

SUPPLEMENT.
eTable 1. List of 42 Conditions Used to Define Multimorbidity and Their Prevalence in the Analytic Sample
eTable 2. ICD Codes Used to Ascertain Dementia
eTable 3. Eight-Class Cluster Solution of Disease Using Latent Class Analysis of Men and Women, Including Sex as
a Condition
eTable 4. Baseline Characteristics of Participants by Incident Dementia
eTable 5. Cox Proportional Hazards Models for the Association Between Number of Multimorbid Conditions and
Incident Dementia
eTable 6. Cox Proportional Hazards Models of the Interaction of Multimorbidity and Sociodemographic
Characteristics With Incident Dementia
eTable 7. Probabilities and Observed vs Expected Ratios for 41 Conditions Within 7 Clusters in Women
eTable 8. Probabilities and Observed vs Expected Ratios for 40 Conditions Within 6 Clusters in Men
eTable 9. Sex-Stratified Cox Proportional Hazards Models for the Association Between Disease Clusters and
Incident Dementia in the Test Sample
eFigure. SABIC Values for Disease Cluster Solutions

JAMA Network Open | Neurology Multimorbidity, Disease Clusters, and Modification by Genetic Factors in Risk of Dementia

JAMA Network Open. 2022;5(9):e2232124. doi:10.1001/jamanetworkopen.2022.32124 (Reprinted) September 20, 2022 13/13

Downloaded From: https://jamanetwork.com/ on 09/19/2023

https://dx.doi.org/10.1016/j.jocn.2015.02.012
https://dx.doi.org/10.2147/OTT.S94228
https://dx.doi.org/10.2147/OTT.S94228
https://dx.doi.org/10.2217/bmm.09.91
https://dx.doi.org/10.1192/bjp.bp.112.118307
https://dx.doi.org/10.1016/j.chest.2019.12.012
https://dx.doi.org/10.1136/jech-2014-204959
https://dx.doi.org/10.1111/j.1749-6632.2009.05026.x
https://dx.doi.org/10.1007/s00432-014-1773-5
https://dx.doi.org/10.1007/s10072-015-2282-2
https://dx.doi.org/10.1016/j.jalz.2018.02.016

