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Abstract

Introduction: We investigate dementia risk in older adults with different disease pat-
terns and explore the role of inflammation and apolipoprotein E (APOE) genotype.
Methods: A total of 2,478 dementia-free participants with two or more chronic
diseases (ie, multimorbidity) part of the Swedish National study on Aging and Care in
Kungsholmen (SNAC-K) were grouped according to their multimorbidity patterns and
followed to detect clinical dementia. The potential modifier effect of C-reactive protein
(CRP) and apolipoprotein E (APOE) genotype was tested through stratified analyses.
Results: People with neuropsychiatric, cardiovascular, and sensory impairment/cancer
multimorbidity had increased hazards for dementia compared to the unspecific (Hazard
ration (HR) 1.66, 95% confidence interval [Cl] 1.13-2.42; 1.61, 95% Cl 1.17-2.29; 1.32,
95% Cl 1.10-1.71, respectively). Despite the lack of statistically significant interaction,
high CRP increased dementia risk within these patterns, and being APOE ¢4 carriers
heightened dementia risk for neuropsychiatric and cardiovascular multimorbidity.
Discussion: Individuals with neuropsychiatric, cardiovascular, and sensory impair-
ment/cancer patterns are at increased risk for dementia and APOE ¢4, and inflam-
mation may further increase the risk. Identifying such high-risk groups might allow

tailored interventions for dementia prevention.
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1 | INTRODUCTION

As a consequence of the worldwide aging of the population, demen-
tia will increasingly become a challenge faced by individuals and
societies.! Owing to the current lack of curative drugs, dementia pre-
vention has become an especially relevant strategy.? As such, the iden-
tification of individuals at higher risk of dementia is a clinical and public
health priority.>

Several longitudinal studies have identified specific diseases (eg, dia-
betes, atrial fibrillation, depression) as at-risk conditions for increased
dementia incidence.*® However, it is relatively uncommon for older
adults to be affected by only one chronic disease. In fact, up to
90% of adults 60 years of age or older adults have two or more

chronic diseases,®

a condition referred to as multimorbidity. Multimor-
bidity has been associated with incident mild cognitive impairment’
and greater brain pathology burden.2 However, there is scanty and
contrasting evidence of how clusters of diseases in individuals with
multimorbidity are differentially associated with the occurrence of
dementia.” Some diseases tend to aggregate in the same person due
to similar pathophysiological mechanisms and/or shared risk factors,©
which leads to multimorbidity patterns characterized by chronic disor-
ders that systematically cluster together beyond chance. The identifi-
cation of such patterns has provided useful clinical insight,!! suggest-
ing a potentially differential impact of specific multimorbidity patterns
on dementia development.

One of the factors plausibly implicated in the association between
specific multimorbidity patterns and dementia is inflammation. Sys-
temic inflammation may accelerate the progression of neurodegen-
eration and vascular pathology in the brain,'> and an imbalance
between pro- and anti-inflammatory responses is described in older
individuals.’® Likewise, as the role of the apolipoprotein E gene vari-
ant (APOE ¢4) on dementia risk is well known, it is plausible to
hypothesize that the combination of specific multimorbidity patterns
and APOE ¢4 allele puts individuals at even greater risk of dementia
development.

In this study, we aimed to quantify the impact of specific pat-
terns of multimorbidity on dementia risk, and to explore the role
played by inflammation and APOE genotype in such an association over
12 years.

2 | METHODS

2.1 | Study population

Data were gathered from the Swedish National study on Aging and Care in
Kungsholmen (SNAC-K), an ongoing population-based study.'* SNAC-
K includes a random sample of community-dwelling and institutional-
ized adults aged 60 years and older, living in the Kungsholmen district
of Stockholm, Sweden. At baseline (2001 to 2004), a random sample
of 5111 people from 11 age cohorts were invited to participate in the
study. Of the 4590 eligible individuals, 3363 were examined (partici-
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RESEARCH IN CONTEXT

1. Systematic review. After conducting a systematic review
of the literature (PubMed and Embase) we found a limited
number of studies investigating either cross-sectional
associations or the effect of the number of co-existing dis-
eases on dementia. No studies have been conducted to
date on the impact of specific multimorbidity patterns on
incident dementia.

2. Interpretation. Over a 12-year period, people with
neuropsychiatric, cardiovascular, and sensory impair-
ment/cancer multimorbidity showed the highest hazards
of dementia, and the presence of inflammation and APOE
¢4 allele further increased this association. Identifying
multimorbidity patterns in the presence of inflammation,
and among APOE ¢4 carriers, might allow for more tai-
lored clinical interventions aimed at dementia prevention.

3. Future directions. Future studies specifically designed
to evaluate the interplay between aging-related inflam-
matory processes, genetic predisposition, multimorbidity
patterns, and dementia are needed to explore the biolog-
ical mechanisms behind these associations.

pation rate: 73%). Younger participants (age <78 years) were followed
up every 6 years, and the older (age >78 years) every 3 years. In the
present study, we identified a dementia-free cohort of 2622 persons
affected by multimorbidity (two or more chronic diseases) at baseline
(Figure S1).

The Regional Ethical Review Board in Stockholm, Sweden approved
the protocols of SNAC-K. All participants, or next of kin for cognitively
impaired individuals, provided written informed consent.

The results of this study are reported following the strengthening
the reporting of observational studies in epidemiology (STROBE) rec-
ommendations.

2.2 | Data collection

At each study wave, SNAC-K participants underwent a comprehensive
clinical and functional assessment by trained physicians, nurses, and
psychologists, following standard procedures. Home visits were car-
ried out for those who agreed to participate but were unable to travel
to the research center.

2.2.1 | Covariates

Participants’ sociodemographic information (ie, age, sex, education,

and civil status) were collected during nurses’ interviews. Educational
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attainment was categorized as elementary, high school, and university
or higher, indicating the highest level of education attained. Civil status
was categorized as unmarried, married, divorced, and widowed. Body
mass index (BMI) was obtained by dividing participants’ weight by their
squared height (kg/m?). A BMI <18.5 kg/m? was considered as a proxy
of malnutrition.’ The Mini-Mental State Examination (MMSE) score
was used as a measure of global cognition.

2.2.2 | Potential modifiers

Serum C-reactive protein (CRP) was measured at Karolinska Hospital,
Stockholm, through an assay with a lower detection limit of 5 mg/L (ie,
low-sensitivity test). Consequently, such cut-off was used to define low
versus high CRP concentrations.'® DNA was extracted from peripheral
blood samples and APOE alleles were genotyped. Based on the APOE
alleles, participants were categorized as 4 carriers (at least one ¢4
allele) versus non-carriers. Serum CRP levels and APOE genotype were

considered at baseline.

2.2.3 | Chronic disease assessment

Details on definition and classifications of diseases are reported
elsewhere.® Briefly, physicians collected information on diagnoses
via physical examination, medical history, self-reported information,
and/or proxy interviews. Clinical parameters, lab tests, medication, and
inpatient and outpatient care data were also used to identify specific
conditions. All diagnoses were coded according to the International
Classification of Diseases, Tenth Revision (ICD-10) and classified into
60 chronic disease categories in accordance with a clinically driven
methodology. Drugs were classified and coded in accordance with
the Anatomical Therapeutic Chemical (ATC) classification. Chronic dis-

eases were considered at baseline.

2.2.4 | Dementia diagnosis

The diagnosis of clinical dementia was made in accordance with the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV) criteria, following a three-step procedure. First, a preliminary
diagnosis was made by the examining physician, followed by a second
preliminary diagnosis by a reviewing physician also involved in data col-
lection. This process was blinded to the diagnosis of the first physician.
In cases of disagreement between the first and the second diagnoses,
the final diagnosis was made by a neurologist who was external to the
data collection process (LF, GG). For those people who died between
the follow-up assessments, we gathered additional clinical informa-
tion for the diagnosis of dementia from the clinical charts and medical
records, the discharge diagnoses of the National Patient Register, and
the Swedish National Cause of Death Register.

2.3 | Statistical analysis

2.3.1 | Patterns identification

Multimorbidity patterns at baseline were identified using a fuzzy
c-means cluster analysis algorithm, which allows for the cluster-
ing individuals based on their underlying combinations of chronic
diseases.’C Thirty-five of 60 individual chronic disease categories were
included in the cluster analysis; those with a prevalence of <2% were
excluded to avoid statistical noise, and therefore, spurious findings
in the models (Table S1). To further characterize the multimorbidity
patterns, observed/expected ratios were calculated by dividing the
prevalence of a given disease within a cluster by its prevalence in
the overall population. Disease exclusivity, defined as the fraction of
participants with the disease included in the cluster over the total
number of participants with the disease, was also calculated. Diseases
with both observed/expected ratio >2 and exclusivity >25% were
considered as characterizing a given cluster.1”:¥8 Such criteria were
used to name the multimorbidity patterns based on the diseases that
characterized them. The fuzzy c-means algorithm assigns a probability
of cluster membership for all individuals within each cluster; however,
participants were finally allocated a single cluster based on their
highest membership probability. Details on the methodology are
reported in the Supplementary Text and Table S3. The association
between multimorbidity patterns and dementia was tested through
Cox regression models, and adjusted hazard ratios (HRs) with 95%
confidence intervals (Cls) were obtained. The proportional hazard
assumption was assessed by regressing the scaled Schoenfeld resid-
uals against survival time. No deviation from the proportional hazard
assumption was detected. Follow-up time was estimated as the time
from study entry until dementia diagnosis, death, or last examination,
using whichever occurred first. Interactions between APOE genotype,
CRP levels, and multimorbidity patterns were tested and stratified
analyses were conducted.

2.3.2 | Sensitivity analyses
To test the strength and consistency of our results, we repeated the
Cox regression models, excluding those people who developed demen-
tia within the first 6 years of follow-up. In addition, to investigate the
association of multimorbidity clusters with dementia in comparison
with non-multimorbid participants, we repeated the survival analysis
including multimorbidity-free individuals (N = 420) as reference group.
The proportion of individuals with missing data was 5.5% for serum
CRP, 8.6% for APOE genotype, and 1% for civil status and education.
A complete case data analysis was carried out based on 88.0% of the
cohort. Those with missing data in these variables were more likely to
be older, female, and less educated than those with no missing data at

baseline.
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TABLE 1 Baseline characteristics of study sample by multimorbidity patterns
Total sample  Neuro- psychiatric  Cardiovascular Sensory impairment/  Respiratory/metabolic/ Unspecific
(N =2,478) (n=183) (n=243) cancer (n = 384) musculoskeletal (n = 503) (n=1,165)
Age, mean (SD) 75.0(10.4) 72.5(10.0) 82.4(8.5) 83.4(8.8) 71.6(8.9) 72.6(9.5)
Female, % 64.3 70.5 60.0 67.2 59.6 65.3
Education, %
Elementary 17.0 13.7 26.0 215 18.3 134
High school 51.6 48.6 554 53.9 51.8 50.6
University 314 37.7 18.6 24.6 29.9 36.0
Civil status,
Partnered, % 44.2 39.6 40.0 30.3 47.7 49.7
APOE ¢4 allele, % 29.2 27.3 23.9 24.8 27.7 32.6
SerumCRP>5mg/L,%  21.9 26.0 30.6 25.1 28.8 15.6
Malnutrition*, % 3.2 33 5.8 5.7 14 2.6
Number of diseases, 4.4(2.2) 5.3(2.1) 7.7 (2.4) 5.8(1.9) 4.5(1.8) 3.2(1.2)
mean (SD)
MMSE score, mean (SD)  28.5(1.9) 28.7 (1.6) 27.9(2.3) 27.6(2.3) 28.9(1.4) 28.8(1.6)

Abbreviations: APOE ¢4, apolipoprotein epsilon 4 (at least 1 allele); CRP, C-reactive protein; MMSE, Mini Mental State Examination.
The distribution of all variables was significantly different across multimorbidity patterns (P < 0.05).

*Defined as body mass index <18.5 kg/m?2.

Missing data: 8 in educational level; 6 in civil status; 189 in APOE genotype, 136 in CRP, 5in MMSE.

A two-tailed P-value < 0.05 was considered statistically significant
in all analyses. All analyses were performed using Stata version 15
(StataCorp, Texas, USA).

3 | RESULTS

3.1 | Patterns identification

At baseline, the following multimorbidity patterns were identified:
neuropsychiatric (7.6%), cardiovascular (9.5%), sensory impairment/cancer
(14.8%), and
(20.8%). The remaining 47.3% of the population was grouped in a

respiratory/metabolic/musculoskeletal ~multimorbidity
cluster containing diseases that were not overexpressed in relation
to the overall population prevalence, and thus was named “unspe-
cific multimorbidity.” This pattern was considered as reference group
because it includes individuals with the lowest mean number of chronic
diseases and CRP level. In addition, in previous studies by our group,
we showed that individuals in the unspecific pattern were also less
disabled that those in the other patterns!© and presented the lowest
6- and 12-year crude mortality.1? (Table S2 reports the list of chronic
diseases included in each pattern.)

During the 12-year follow-up (mean 8.4 years + 3.9) of the 2622
participants, 1003 died and 466 dropped out (Figure S1). Those
who dropped out were more likely to be younger (difference: —1.49
years; 95% Cl —2.35, —0.46), and with a lower burden of chronic
diseases (difference: —0.34; 95% Cl —1.54, —0.14), than those who
participated in at least two assessments. In addition, they were more

likely to belong to the unspecific multimorbidity pattern (50% vs
46%).

Of the 2478 participants with complete data, 506 (20%) devel-
oped dementia; among them, 383 were identified during SNAC-K
assessments and 123 based on clinical charts and the Cause of Death
Register. Participants who developed dementia were older and more
frequently women, with lower educational level, a greater number of
chronic conditions, lower MMSE score, and more likely to be APOE ¢4
allele carriers (P < 0.001 for all).

3.1.1 | Baseline characteristics

At study entry, the mean (SD) age of the population was 75.0 years
(10.4); 64.3% were women; 83.2% had high school or university level
education; and 56.0% were unmarried, divorced, or widowed. Baseline

sample characteristics by multimorbidity pattern are shown in Table 1.

3.1.2 | Multimorbidity patterns and dementia risk

Table 2 shows the association between the multimorbidity patterns
and dementia risk. In the fully adjusted model (by age, sex, educa-
tion, civil status, malnutrition, baseline MMSE score, APOE genotype,
and CRP level), individuals with neuropsychiatric multimorbidity pre-
sented with a 66% higher hazard of dementia (HR 1.66; 95% CI 1.13,
2.42) as compared to those with unspecific multimorbidity. Similarly,
participants with cardiovascular multimorbidity showed a 61% higher
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TABLE 2 Incidence rates (IRs) per 100 person-years and adjusted
hazard ratios (aHRs) of dementia with 95% confidence intervals (Cls)
by baseline multimorbidity patterns (N = 2478)

Incident dementia

Multimorbidity patterns Cases IR(95%Cl) aHR(95%Cl)

Unspecific (N = 1165) 208 1.9(1.7-2.2)  1.00 (Ref)

Neuropsychiatric (N = 183) 38 2.5(1.8-3.5) 1.66(1.13-2.42)

Cardiovascular (N = 243) 65 47(3.7-6.0) 1.61(1.17-2.29)

Sensory impairment/cancer 122 47(4.0-5.7) 1.32(1.10-1.71)
(N=2384)

Respiratory/metabolic/ 75 1.6(1.7-2.2) 0.97(0.73-1.29)

musculoskeletal
(N=503)

Cox models are adjusted for age, sex, education, civil status, malnutrition,
C-reactive protein levels, APOE genotype, and baseline Mini-Mental State
Examination score.

hazard of dementia (HR 1.61; 95% Cl 1.17, 2.29), as compared to
the reference group (ie, unspecific multimorbidity). Finally, the sensory
impairment/cancer pattern was associated with a 32% increased haz-
ard of dementia compared with the unspecific cluster (HR 1.32; 95% CI
1.10, 1.71). No statistically significant association was found between
the respiratory/metabolic/musculoskeletal pattern and dementia devel-
opment. Table 2 also shows the incidence rate (IR) of dementia per 100
person-years by multimorbidity pattern.

Consistent, but slightly attenuated, results were obtained when we
excluded participants who developed dementia within the first 6 years
of follow-up (HR1.67; 95% CI 1.07, 2.62 for the neuropsychiatric pat-
tern; HR 1.53;95% CI 1.04, 2.26 for the cardiovascular pattern; HR 1.31;
95% C1 0.98, 1.78 for the sensory impairment/cancer pattern; HR 1.05;

95% Cl 0.78,1.45 for the respiratory/metabolic/musculoskeletal pattern).
Similar findings have been obtained when we excluded those people
who developed dementia during the follow-up also from the cluster
analysis (data not shown).

included the
multimorbidity-free individuals as reference group in the survival
analysis (Table S4).

Consistent results were obtained when we

3.1.3 | Role of CRP and APOE genotype

No statistically significant interaction was detected between APOE
genotype, CRP levels, and multimorbidity patterns. Figure 1 reports
stratified analyses by CRP level (Panel A) and APOE &4 allele (Panel B).
The association between the neuropsychiatric, cardiovascular, and sen-
sory impairment/cancer multimorbidity and dementia was even stronger
in the group with high levels of CRP (HR 2.69; 95% Cl 1.19, 6.09; HR
2.34; 95% Cl 1.08, 5.09; HR 1.92; 95% CI 1.02, 3.63, respectively)
(Figure 1). No statistically significant association was detected
between the respiratory/metabolic/musculoskeletal pattern and demen-
tia development in either group.

Inthe analyses stratified by APOE genotype, we detected a stronger
association between the neuropsychiatric (HR 2.79; 95% CI 1.43,
5.43) and cardiovascular (HR 2.58; 95% Cl 1.39, 4.76) multimorbidity
patterns and dementia development in ¢4 carriers with respect to
non-carriers. No statistically significant association with dementia
development was detected for either the sensory impairment/cancer
or the respiratory/metabolic/musculoskeletal pattern in APOE ¢4
carriers.

Further adjustments (for use of drugs with anticholinergic action,
corticosteroids, and polypharmacy) did not modify the results, as well

Casesl/atrisk IR per 1000/py HR (95% CI) Casesl/atrisk IR per 1000/py HR (95% CI)
CRP<5 mg/L CRP<5 mg/L ® CRP<5mg/L APOE4 - APOE4 - ® APOE4-
CRP>5 mg/L CRP>5 mg/L B CRP>5mgL APOE4 + APOE4 + B APOE4+
. 23/128 20.79 T8 22/120 21.07 T
Neuropsychiatric 12145 37.41 —— 12145 31.03 ——

i 39/159 39.74 —— 38/156 39.35 T
Cardiovascular 22170 63.82 — 18/49 67.00 — =
Sensory 84/262 45.39 -o— 82/255 45.51 —o—
impairment/cancer 24/88 45.49 —a— 30/84 52.83 T
Respiratory/metabolic/ 54/337 17.04 1. 45/345 13.90 —o—
musculoskeletal 14/136 11.89 —H— 23/132 19.25 —r—
Unspecific 186/943 19.15 ® 109/744 15.62

26/174 16.49 L] 86/359 25.70
0.1 1 10 051 ‘II 1.0
FIGURE 1 Incidence rates (IRs) per 100 person-years and hazard ratios (HRs) of dementia with 95% confidence intervals (Cls) by baseline

multimorbidity pattern, according to serum C-reactive protein (CRP) levels and apolipoprotein E (APOE) genotype. HRs are plotted on a
logarithmic scale. P for interaction: CRP: Neuropsychiatric MM#CRP: P = 0.151. Cardiovascular MM#CRP: P = 0.147. Sensory impairment/cancer
MM#CRP: P = 0.833. Respiratory/metabolic/MSK MM#CRP: P = 0.419. APOE: Neuropsychiatric MM#APOE: P = 0.227. Cardiovascular
MM#APOE: P = 0.895. Sensory impairment/cancer MM#APOE: P = 0.241. Respiratory/metabolic/MSK MM#APQOE: P = 0.983. Models are
adjusted for: Panel A: age, sex, education, civil status, malnutrition, and baseline Mini-Mental State Examination score, and APOE ¢4 allele. Panel B:
age, sex, education, civil status, malnutrition, and baseline Mini-Mental State Examination score, and CRP levels.
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as when we use age, instead of calendar time, as time scale (data not
shown).

4 | DISCUSSION

Older adults with neuropsychiatric and cardiovascular multimorbidity
experienced the highest hazard of dementia throughout 12 years,
followed by those with sensory impairment and cancer. Of interest,
even if the interaction was not statistically significant, high serum CRP
levels seemed to amplify this risk in all three multimorbidity patterns,
whereas the presence of APOE ¢4 appeared to increase dementia risk
only in the neuropsychiatric and cardiovascular patterns.

Although the role of specific chronic diseases as risk factors
for dementia has been largely acknowledged,*> studies addressing
dementia risk in relation to multimorbidity are limited to few reports.
Multimorbidity has been associated with different degrees and sever-
ity of cognitive dysfunction, such as steeper cognitive decline,202
increased risk of mild cognitive impairment’ and dementia,?? and
faster dementia progression.2® However, the majority of these studies
have operationalized multimorbidity in quantitative terms through dis-
ease count, which is regarded by clinicians as uninformative.2* Indeed,
given a group of individuals with the same number of chronic dis-
eases, understanding of how and which diseases cluster together and
increase dementia risk compared to others may help to gain insight into
the pathophysiology of dementia.

To date, the evidence relating multimorbidity patterns and dementia
is extremely scarce,2>2% and to the best of our knowledge, no studies
have been conducted between multimorbidity patterns and incident
dementia. An observational study carried out in The Netherlands eval-
uated the effects of groups of diseases on cognitive performance in a
healthy population,?” finding that heart diseases and cancer were asso-
ciated with lower verbal memory performance, whereas cerebrovas-
cular diseases, heart diseases, cancer, and movement disorders were
related to worse processing speed.

Multimorbidity has been found previously to be associated with
biomarkers of neurodegeneration and amyloid deposition®; however,
specific multimorbidity patterns may increase dementia risk through
different pathways. The detrimental role of cardiovascular diseases
on the brain is well established, being people with heart and cere-
brovascular diseases at high risk of developing dementia and with a
poor prognosis.*?’ Indeed, accumulating evidence points toward a
close interplay between body and mind in dementia development,222
and our study aligns with this literature. It is notable that we also add
weight to such knowledge by reporting that multiple, co-occurring
cardiovascular diseases are linked to dementia. The existence of a
heart-brain connection is supported by the fact that those with cardio-
vascular diseases tend to be at higher dementia risk due to a number of
different mechanisms, including but not limited to cerebral hypoperfu-
sion and infarcts, cardio-embolization, and chronic inflammation.2?

In our study, we also found increased dementia risk among persons
with neuropsychiatric diseases, which can be interpreted both as a risk

factor or a prodromal manifestation of dementia. Notably, neuropsy-
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chiatric symptoms are common features of dementia, and can be part
of its clinical picture, even in the early stages. Still, longitudinal studies
with long follow-ups have shown that depressive episodes are linked
with incident dementia, reinforcing the idea of depression as arisk fac-
tor for Alzheimer’s disease.2? Regardless of the direction of this asso-
ciation, depression seems to lead to an imbalance in stress hormones,
reduced hippocampal volume, and increased systemic inflammation—
in turn, further impairing cognitive function.

Of interest, in our sample, sensory impairment (eg, visual impair-
ment and deafness) and cancer clustered together and were associ-
ated with a 30% increased hazard of dementia. Previous studies have
independently investigated both sensory impairments and cancer with
incident dementia, finding conflicting results.31-3% Among others, hear-
ing loss has been linked with an increased dementia risk,3° but such
an association calls for further clarification, as to whether it can be
considered a risk factor, or rather a prodromal sign of the disease.
Greater debate exists surrounding the cognitive impact of cancer, with
some studies pointing toward an inverse association with dementia3?
and others finding higher dementia risk in persons with neoplasms.3¢
Previous studies have reported greater cancer risk in people with

visual impairment®”

and, likewise, that age-related macular degener-
ation occurs more frequently among smokers, which in turn increases
the risk of different cancer types.383? Furthermore, many cancer treat-
ment regimens combine multiple ototoxic medications.*® Finally, we
can hypothesize that these two conditions might share common risk
factors and pathophysiological mechanisms, and that they tend to co-
occur as an expression of independent biological degenerative changes
occurring with age. This is also witnessed by the fact that, in our study,
the cluster sensory impairment/cancer includes the oldest, more likely
to be women, malnourished and with lower levels of cognitive perfor-
mance. This profile identifies a frail proportion of our study popula-
tion, and a number of studies have recently pointed out that cognitive
impairment and frailty frequently co-occur and that frail older adults
present a higher risk of dementia.*! Notably, the risk of dementia asso-
ciated with this pattern was even higher in the presence of high CRP
levels, but was not modified by the APOE ¢4 allele. As such, dementia
onset in this group of participants might be linked to systemic health
deterioration, as a consequence of underlying complex diseases or drug
regimens.

Of interest, we were not able to detect any association between the
respiratory/metabolic/musculoskeletal cluster and dementia, although
sleep disorders and diabetes (two known risk factors for dementia)*243
are part of this cluster. However, in the current study, we are not inves-
tigating the effect of individual diseases on dementia risk but the risk
conveyed by belonging to a cluster of individuals displaying a given
disease combination. Moreover, the comparison with the unspecific
cluster—still composed by individuals with multimorbidity—may have
diluted the effect.

A similar increased dementia risk was found in individuals with
neuropsychiatric and cardiovascular multimorbidity and high levels of
systemic inflammation. Although these results should be interpreted
cautiously due to a lack of statistically significant interaction and

therefore wide, overlapping confidence intervals in the stratified
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analyses, they indicate that inflammation might play a role in dementia
development in those with neuropsychiatric and cardiovascular chronic
conditions. Despite that the link between chronic conditions, inflam-
mation, and dementia is yet far from being entirely understood, several
hypotheses can be made. It is recognized that a low-grade chronic
proinflammatory state characterized by high levels of serum cytokines
is very frequent in older individuals** and that older persons with high
inflammatory markers have a higher number of chronic diseases as
well as a steeper increase in multimorbidity over time.*> At the same
time, it is under debate if neuroinflammation is a driving force in the
development of dementia*® or an epiphenomenon of brain dysfunction
and neuronal loss. Furthermore, the imbalance between inflammatory
and anti-inflammatory agents (a frequent finding in older individuals,
termed *“inflammaging”)*’ due to several chronic diseases can lead
to a systemic and chronic proinflammatory state, which ultimately
may affect the brain. The exact chain of events linking chronic dis-
eases/inflammation/dementia remains a matter of debate, but based
on the findings from our study we can speculate that the presence of
inflammation further increases the risk of dementia within specific
multimorbidity patterns. The possible role as mediator of inflammation
has not been tested in the present study, since multimorbidity and CRP
were assessed at the same time point, thus preventing us from having
a proper chain of events as required in mediation analyses.

Because APOE ¢4 is the strongest genetic risk factor for dementia,
it is unsurprising that we found stronger associations with dementia
among APOE ¢4 carriers. It is notable that APOE has been linked to
accelerated atherosclerosis and has been implicated in the modulation
of proinflammatory and anti-inflammatory cytokines.*¢4? It is worth
noting that despite a lack of statistically significant interaction, we
detected such an increased risk in the cardiovascular and neuropsychi-
atric multimorbidity patterns, but not in the sensory impairment/cancer
pattern. Again, it is plausible to hypothesize that dementia develop-
ment differs when related to the presence of sensory impairment/cancer
versus cardiovascular and neuropsychiatric conditions, and might even
follow different pathways. This hypothesis is in agreement with the
greater dementia risk observed in the participants who had high sys-

temic inflammation.

5 | CLINICAL AND PUBLIC HEALTH
IMPLICATIONS

The timely identification of neuropsychiatric, cardiovascular, and sensory
impairment/cancer multimorbidity in older adults might have important
implications in terms of prevention and clinical practice.

Our study adds weight to the evidence that cardiovascular diseases
play a role in the development of adverse health-related outcomes not
only individually, but also as co-occurring entities, and confirms the
importance of assessing them holistically.’® Dementia prevention may
be optimized by controlling cardiovascular risk factors and enhancing
the treatment of concurrent cardiovascular diseases (eg, improving
medication adherence). It is worth mentioning that half of the study

participants were part of the unspecific multimorbidity cluster, char-

acterized by a high proportion of cardiovascular risk factors such as
hypertension and dyslipidemia. In addition, early dementia diagnosis
could be achieved by the close monitoring of persons affected by
neuropsychiatric multimorbidity. Finally, the demographic and clinical
characteristics of those belonging to the sensory impairment/cancer
pattern calls for a close follow-up of frail individuals. The identification
of those patterns of multimorbidity in the presence of inflammation
and among APOE &4 carriers might help tailor clinical interventions

aimed at dementia prevention, even to a greater extent.

6 | STRENGTHS AND LIMITATIONS

To our knowledge, this is the first prospective observational study
assessing dementia risk across different patterns of multimorbidity.
These findings are derived from a large, well-characterized population-
based cohort, with a long follow-up and an extensive individual-level
clinical evaluation of diseases, including dementia. Of note, we were
able to identify dementia cases, even among those individuals who
died during follow-up, by performing a comprehensive review of clin-
ical records and death registers. This comprehensive identification of
cases minimized the competing influence of death on dementia inci-
dence. Notwithstanding, we acknowledge that some mild cases might
not have been captured, resulting in a possible underestimation of the
effect. Finally, even if the presence of residual confounding cannot be
ruled out completely, our findings appeared robust to various sensitiv-
ity analyses and accounted for several relevant confounders.

Some limitations must be mentioned. First, the stratified analyses
should be interpreted with caution due to the non-statistically sig-
nificant interaction, which is also reflected in the wide and overlap-
ping confidence intervals. Notwithstanding, effect modification can be
present also in the absence of a statistical interaction,” as witnessed
by our findings that indicate that an interplay might exist and thus
that inflammation and genetic predisposition might play a role. Sec-
ond, despite the 12-year follow-up period, we cannot completely rule
out the possibility of subclinical dementia. This has prevented us from
making a conclusion on whether the neuropsychiatric multimorbidity
pattern is more likely to be an at-risk condition or a clinical manifesta-
tion of the disease. However, the results from the sensitivity analysis,
excluding participants who developed dementia 6 years after baseline,
were only slightly attenuated. Third, SNAC-K is a population-based
study where the diagnosis of dementia is clinical, lacking biological
markers for the characterization of the subtypes. Thus future studies
with biological data are needed to confirm our results and move a step
forward in the understanding of the mechanisms behind the associa-
tions we observed. Fourth, serum CRP was measured in a single time
point, which does not capture chronic inflammation. Further evalua-
tions on persistent levels of inflammation during follow-up time are
needed to confirm our findings. In addition, more fine markers of sys-
temic inflammation exist (including tumor necrosis factor o [TNFa] and
some interleukins), which were not available in the data set. Future
studies are needed to better evaluate the role of inflammation in the

studied association using more sensitive measures. Finally, being that
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our study was observational, we cannot draw any causal relationship
between exposures and outcome.

7 | CONCLUSIONS

Older adults with neuropsychiatric, cardiovascular, and sensory
impairment/cancer multimorbidity are at high risk of dementia; this
risk is further elevated by concurrent inflammation and genetic pre-
disposition. Future studies, specifically designed to evaluate the inter-
play between aging-related inflammatory processes, genetic predispo-
sition, multimorbidity patterns, and dementia are needed to explore
such mechanisms. Identifying older adults affected by specific mul-
timorbidity patterns might be helpful in tailoring interventions for
dementia prevention and targeting individuals who would benefit most

from such interventions.
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