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Abstract 

Background Previous studies only considered the impact of a single physical or psychological disorder on demen-
tia. Our study investigated the association of physical and psychological multimorbidity with dementia among older 
adults using two multinational prospective cohorts to supplement the limited joint evidence.

Methods We utilized the Health and Retirement Study (HRS 2012 to 2018) in the United States (US) and the Survey 
of Health, Ageing and Retirement in Europe (SHARE 2012 to 2018). Physical disorder was defined as any one of seven 
self-reported physician-diagnosed conditions. Psychological disorder was assessed using the 8-item Center for Epide-
miologic Research Depression (CES-D) scale or the EURO-D. Dementia was determined through a combination of self-
reported physician diagnosis of dementia or Alzheimer’s disease, or the 27-point HRS cognitive scale. Competing risk 
models were utilized to estimate the hazard ratios (HRs) and 95% confidence intervals (95% CI). DerSimonian-Laird 
random-effects meta-analyses were conducted to obtain pooled estimates.

Results The prevalence of physical and psychological multimorbidity was 17.29% (1027/5939) in continental Europe 
and 15.52% (1326/8543) in the US. The incidence of dementia was 6.21 per 1000 person-years in continental Europe 
and 8.27 per 1000 person-years in the US, respectively. It was highest among participants with physical and psycho-
logical multimorbidity in continental Europe (10.46 per 1000 person-years) and the US (14.82 per 1000 person-years), 
compared with the other three groups. In the univariate model, participants who reported physical and psychologi-
cal multimorbidity had a higher risk of dementia compared with those who reported no physical and psychological 
disorders in continental Europe (HR = 2.59; 95% CI: 1.55, 4.33) and the US (HR = 4.11; 95% CI: 2.44, 6.94). After adjust-
ing all covariates, the risk of dementia among participants who reported physical and psychological multimorbidity 
increased by 86% in continental Europe (aHR = 1.86; 95% CI: 1.08, 3.21) and by 176% in the US (aHR = 2.76; 95% CI: 
1.61, 4.72), respectively. After pooling the outcomes, the risk of dementia among participants who reported physical 
and psychological multimorbidity increased by 115% (aHR = 2.15; 95% CI: 1.27, 3.03).

Conclusions Physical and psychological multimorbidity was prevalent among older adults in the US and continental 
Europe. Given the consistent associations with dementia, it is imperative to increase awareness of the links and recog-
nize the limitations of single-disorder care. Specific attention should be given to providing care coordination.
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Background
Dementia, a prevalent health issue of aging, refers to the 
various challenges in memory, learning, concentration, 
and decision-making [1]. Rapid population aging has 
posed a significant challenge for preventing dementia. 
According to the report from the World Health Organi-
zation (WHO), there were nearly 50 million people with 
dementia and 10 million new cases every year worldwide 
[2]. In May 2017, the Global action plan on the public 
health response to dementia 2017–2025 projected that 
the number of older adults with dementia would rise to 
75 million by 2030 and 132 million by 2050 [1]. Dementia 
has been recognized as a public health priority. The fifth 
target of this plan suggests that integrating the reduc-
tion and control of modifiable dementia risk factors into 
national health planning processes and development 
agendas is essential for the prevention and management 
of dementia [1].

Previous cohort studies have shown that a physical 
or psychological disorder such as stroke, diabetes, and 
depression is risk factor for dementia [1, 3–5]. However, 
in the context of the globally increasing aging population, 
physical and psychological multimorbidity is emerging as 
a common condition among older adults [6, 7]. Ni et al. 
reported that the prevalence of physical–psychological 
multimorbidity was 18% in high-income countries and 
20% in upper-middle-income countries [6]. Therefore, 
physical or psychological disorders should not be con-
sidered in isolation. However, the associations of physi-
cal and psychological multimorbidity with the onset of 
dementia among older adults are still unknown. In gen-
eral, there are three reasons supporting the importance of 
the related research. Firstly, related research suggests that 
dementia, physical disorders, and psychological disorders 
may share similar risk factors and all be age-related and 
inflammatory-associated diseases [8–10]. One cross-
sectional study indicated that physical and psychological 
disorders may have a collective and mutually reinforcing 
impact on the increased risk of cognitive decline [11]. 
Physical and psychological health could even impact the 
associated care of dementia [12]. Secondly, the world is 
now paying attention to the high prevalence of physi-
cal and psychological multimorbidity [6]. Physical and 
psychological multimorbidity is an emerging concept 
useful in conceptualizing disease burden. Its impact on 
dementia provides evidence for managing the dementia 
epidemic through integrated approaches that target risk 
factors shared by co-occurring diseases common in older 
age [7, 13]. Improving common contributing factors of 
physical and psychological multimorbidity to prevent 
dementia can help clinicians focus on enhancing over-
all well-being in care coordination. Furthermore, it also 
supports the development of accessible and sustainable 

strategies for populations in various geographical, eco-
nomic, and cultural contexts [14]. Finally, the control 
group, consisting of participants who do not have one 
specific disease, may include individuals with other 
harmful diseases, leading to an overestimation of the 
risk associated with this particular disease. Compared to 
research that may present an overestimated association 
between a specific disease and dementia, it may be more 
practical to investigate the influence of multimorbidity 
on dementia in the context of high multimorbidity bur-
den among the older population.

At present, the potential influence of a single disease on 
dementia may overlook the substantial burden of physi-
cal and psychological multimorbidity, as well as the inter-
play between physical and psychological disorders. To 
address this gap, we utilized data from two prospective 
cohorts (the United States Health and Retirement Study 
[HRS] and the Survey of Health, Ageing and Retirement 
in Europe [SHARE]) to provide comprehensive insights 
into the relationship between physical and psychological 
multimorbidity and dementia among older population. 
Consistent and standardized study protocol can ensure 
the reliable extrapolation in these two cohorts. Our study 
aimed to provide a reference for disease surveillance and 
prevention in clinical practice amidst the high burden of 
dementia among older adults.

Methods
Study design and participants
Our multinational cohort study utilized individual-level 
data from two well-characterized cohorts with the same 
biennial longitudinal design and comparable survey pro-
tocols: the HRS and the SHARE. The HRS is a nationally 
representative longitudinal survey of adults aged 50 years 
and older in the United States (US) [15, 16]. The SHARE 
is a longitudinal household survey focusing on retirement 
and health among the elderly in continental Europe [17]. 
More information on the sample design and procedures 
can be found in their cohort profiles [15, 18]. This study 
adheres to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines.

We used data from the HRS and the SHARE from 2012 
to 2018. Baseline data was collected in 2012. The follow-
up assessments were conducted until 2018. For HRS and 
SHARE, we included 30,313 and 39,300 participants 
aged 60  years or older at baseline. After excluding par-
ticipants with dementia, Alzheimer’s disease, cognitive 
impairment, or those who lacked the aforementioned 
information, we included 9926 participants with nor-
mal cognitive function in the HRS and 6699 participants 
with normal cognitive function in the SHARE. Then, 
we excluded participants who lacked relevant informa-
tion on physical and psychological multimorbidity and 
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covariates, and finally included 8543 and 5939 partici-
pants in HRS and SHARE, respectively (Fig. 1).

The HRS has received approval from the University 
of Michigan Institutional Review Board (IRB Proto-
col: HUM00061128). The SHARE was reviewed and 
approved by the Ethics Committee of the University of 
Mannheim and the Ethics Council of the Max Planck 
Society (IRB: No 723/2009). All participants provided 
informed consent.

Assessment of physical and psychological multimorbidity
Psychological disorder was identified using the 8-item 
Center for Epidemiologic Research Depression (CES-D) 
scale in the HRS. This scale measured the frequency of 
feelings on eight dichotomous items in the past week, 
including “depressed,” “everything was an effort,” “happy,” 
“life was enjoyable,” “sad,” and “unable to get going” [6, 
19, 20]. We reverse-coded the items for “happy” and “life 
was enjoyable” and then summed all the items. The total 
scores ranged from 0 to 8, with a cutoff value greater 
than 3 indicating a psychological disorder. In SHARE, 
the EURO-D, which comprises 12 items (depressive 
symptoms, pessimism, death wish, guilt, irritability, cry-
ing, fatigue, sleep problems, loss of interest and appe-
tite, reduced ability to concentrate, and capacity to enjoy 
things over the last month), was used to assess psycho-
logical disorder [21]. The cutoff for a clinically relevant 
psychological disorder is ≥ 4 [21].

Physical disorders included seven self-reported physi-
cian-diagnosed conditions: hypertension, diabetes, can-
cer, lung disease, heart disease, stroke, and arthritis in the 
HRS and the SHARE [6, 22]. Reported presence of any 
of the aforementioned seven chronic physical conditions 
was considered as a physical disorder [6]. Participants 
were categorized into four groups based on the presence 
of physical and psychological disorders: none, only physi-
cal disorder, only psychological disorder, and physical 
and psychological multimorbidity.

Assessment of dementia
Referring to previous studies, dementia was determined 
by a combination of self-reported physician diagnosis of 
dementia or Alzheimer’s disease, or total scores below 
the cutoff value of 7 on the HRS cognitive scale [23, 24]. 
This cognitive scale included immediate and delayed 
10-noun free recall to assess memory, serial sevens sub-
traction to evaluate working memory, and counting back-
wards to measure the speed of mental processing [22, 25, 
26]. The total scores ranged from 0 to 27, with a score of 
6 or less indicating dementia, while a score of more than 
11 indicates normal cognitive function [27, 28]. In the 
SHARE, cognitive function was assessed using episodic 
memory and verbal fluency tasks [29]. A memory score 

of 1.5 standard deviations below the age-specific mean 
had been considered an indicator of cognitive impair-
ment. If respondents failed to name at least 15 correct 
words in verbal fluency tasks, they had a verbal fluency 
problem. Normal cognitive function was defined as hav-
ing no issues with both episodic memory and verbal flu-
ency [29]. We included participants who reported no 
dementia and had normal cognitive function at baseline.

Covariates
The baseline covariates included age (< 70  years, 
70 ~ 79  years, ≥ 80  years), gender (female, male), educa-
tional level (less than high school, high school or asso-
ciate degree, college degree or above), marital status 
(married, unmarried), total wealth income (the lowest 
quartile, quartile 2, quartile 3, the highest quartile), self-
reported body mass index (BMI; underweight, normal, 
overweight, obesity), physical activity (no, yes), drinking 
habits (no, yes), and smoking status (no, yes). BMI was 
classified based on the standard from WHO [30]. The 
total wealth income (including housing, vehicles, and 
saving accounts) minus other debts at the household 
level has been assessed (including secondary residence, 
if any) in local currencies (HRS: dollars, SHARE: euros), 
and further divided into four groups based on quartile 
range [6]. The physical activity was assessed based on the 
frequency of participating in light, vigorous, or moder-
ate physical activity [6]. Options from any of the activi-
ties, including “everyday,” “more than once a week,” and 
“once a week,” were recoded as “yes,” while other options, 
including “one to three times a month” and “hardly ever 
or never,” were recoded “no.” Drinking habits and smok-
ing status were both self-reported based on questions 
about ever drinking any alcohol or ever smoking.

Statistical analysis
The characteristics of participants were compared using 
the χ2 test for categorical variables. We considered mor-
tality as the competing event and utilized univariate and 
multivariable competing risk models to estimate the 
crude hazard ratios (cHRs) and adjusted hazard ratios 
(aHRs), along with their corresponding 95% confidence 
intervals (95% CIs). For all analyses, we fitted three mod-
els: model 1 was a univariate model; model 2 adjusted for 
age, gender, educational level, marital status, and total 
wealth income; and model 3 was a full model adding self-
reported BMI, physical activity, drinking, and smoking. 
We conducted subgroup analysis based on age, gender, 
educational level, marital status, income, BMI, physical 
activity, drinking habits, and smoking status to assess the 
robustness of the results. Then, we conducted DerSimo-
nian-Laird random-effects meta-analyses [31] to calcu-
late the pooled HRs and 95% CIs.
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Fig. 1 Study flowchart. HRS, Health and Retirement Study; SHARE, Survey of Health, Ageing and Retirement in Europe
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In addition, we conducted three sensitivity analyses 
to test the robustness of the results: (1) due to discrete 
follow-up data from the limitations of study design, we 
utilized robust Poisson regression models instead of 
competing risk models to observe the risk ratios (RRs) 
of dementia; (2) after interpolating the missing covari-
ates using the random forest method, we examined the 
association of physical and psychological multimorbidity 
with dementia among 9926 in the HRS and 6699 partici-
pants in the SHARE, respectively; (3) taking into account 
the impact of the number of physical and psychologi-
cal disorders, we reclassified physical and psychological 
multimorbidity as eight groups (none, only one physical 
disorder, only two physical disorders, only three or more 
physical disorders, only psychological disorder, psycho-
logical disorder with one physical disorder, psychological 
disorder with two physical disorders, psychological dis-
order with three or more physical disorders) and calcu-
late HRs. All analyses were conducted using R software, 
version 4.2.1 for Windows. The package “cmprsk” was 
used to fit the competing risk model (Fine-Gray subdis-
tribution hazard model). Two-sided P values less than 
0.05 were considered statistically significant.

Results
The characteristics of participants
Among 5939 participants from continental Europe, 
the median age was 71.00  years old (interquartile range 
[IQR]: 65.00, 78.00), with 2512 (42.3%) being female. 
Among 8543 participants from US, the median age was 
71.00  years old (IQR: 64.00, 77.00), with 4984 (58.34%) 
being female.

The prevalence of physical and psychological multi-
morbidity was 17.29% (1027/5939) in continental Europe 
and 15.52% (1326/8543) in the US. The characteristics 
of participants, including age, gender, educational level, 
marital status, total wealth income, BMI, and physical 
activity, differed among four groups based on various 
physical and psychological disorders in the US and the 
continental Europe (all P < 0.05). The participants who 
reported physical and psychological multimorbidity were 
more likely to be older, less educated, obese, and engage 
in no physical activity in the US and the continental 
Europe (Table 1).

Associations of physical and psychological multimorbidity 
with dementia
The incidence of dementia was 6.21 per 1000 person-
years in the continental Europe and 8.27 per 1000 
person-years in the US, respectively. The incidence of 
dementia was highest among participants with physi-
cal and psychological multimorbidity in the continental 

Europe (10.46 per 1000 person-years) and the US (14.82 
per 1000 person-years) (Table 2).

In the univariate model, we found that participants 
who reported physical and psychological multimorbid-
ity had a higher risk of dementia compared with those 
who reported no physical and psychological disorders 
in the continental Europe (HR = 2.59; 95% CI: 1.55, 4.33) 
and the US (HR = 4.11; 95% CI: 2.44, 6.94) (Table  2). 
After adjusting for all covariates, the risk of dementia 
among individuals with physical and psychological mul-
timorbidity increased by 86% in the continental Europe 
(HR = 1.86; 95% CI: 1.08, 3.21) and by 176% in the US 
(HR = 2.76; 95% CI: 1.61, 4.72), respectively (Table  2). 
However, the associations of only physical disorder and 
only psychological disorder with dementia were not sig-
nificant. When the outcomes from continental Europe 
and the US were pooled, the risk of dementia among indi-
viduals with physical and psychological multimorbidity 
increased by 115% in model 3 (HR = 2.15; 95% CI: 1.27, 
3.03) (Table 2). When covariates are accounted for in the 
model, the goodness of fit of models improves, where the 
goodness of fit of model 3 is best, following by model 2 
and then model 1. The sensitivity analysis 1 and 2 showed 
that results were relatively stable (Additional file 1: Tables 
S1–S2). When we reclassified physical and psychological 
multimorbidity, the pooled outcomes indicted that the 
risk of dementia among individuals who reported psy-
chological disorder and two physical disorders increased 
by 134% (Additional file 1: Table S3). Among individuals 
who reported psychological disorder and three or more 
physical disorders, the risk increased by 165% (Addi-
tional file  1: Table  S3). Subgroup analysis revealed that 
the results were stable (all P for interaction > 0.05) (Addi-
tional file 1: Tables S4–S5). The pooled outcomes of the 
results from the subgroup analysis are presented in Addi-
tional file 1: Table S6 and Fig. 2.

Discussion
Our multinational cohort study found that physical and 
psychological multimorbidity was prevalent among 
older adults in the US (15.52%) and continental Europe 
(17.29%). The incidence of dementia was 6.21 per 1000 
person-years in continental Europe and 8.27 per 1000 
person-years in the US, respectively. The risk of demen-
tia increased among participants who reported physical 
and psychological multimorbidity in various cohorts. The 
consistent and high-risk associations indicate that coor-
dinated management of physical and psychological mul-
timorbidity is essential to prevent dementia and promote 
healthy aging comprehensively.

The Global action plan on the public health response to 
dementia 2017–2025 proposed “dementia risk reduction” 
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as the action area 3 [1]. In this area, psychological disor-
der, diabetes mellitus, and hypertension were considered 
risk factors for dementia [1]. By preventing and manag-
ing chronic diseases and psychological disorder, the risk 
of developing dementia can be reduced or its progression 
delayed. Previous studies have mostly only considered 
the singular effect of one chronic disease or psychologi-
cal disorder on dementia [1, 3–5]. It is not conducive 
for healthcare workers to address common risk factors 
collectively and implement a comprehensive improve-
ment program. Our study is the first study to utilize two 
cohorts and has found consistent results in different 
populations. We found that physical and psychological 
multimorbidity increased the risk of dementia by 86% 
and 176% among older adults in the Europe and the US, 
respectively. Only physical disorder and only psychologi-
cal disorder were not associated with dementia. By pool-
ing estimates, the risk of dementia among participants 
who reported physical and psychological multimorbid-
ity increased by 115%. The potential mechanisms may be 
that the co-occurrence of physical and psychological dis-
orders could accelerate vascular pathology changes, such 
as inflammatory and trophic changes, leading to cogni-
tive impairment [9, 10]. In addition, a decrease in cultural 

and social engagement due to physical and psychological 
multimorbidity may further contribute to the progression 
of dementia among older adults [32]. Considering the 
accessibility of data and the disease burden, we selected 
seven self-reported physician-diagnosed conditions. 
However, it is noted that the scope of included diseases 
must be considered when interpreting our findings. For 
example, compared to included diseases, if the incidence 
of dementia is higher in participants with other diseases, 
it is possible that this study underestimated the impact of 
physical and psychological multimorbidity on dementia. 
The other important thing to note is that there is often a 
bidirectional relationship between psychological disorder 
and a preclinical dementia. This means that preclinical 
dementia and a decline in cognitive abilities may lead to 
mood disorders rather than the other way around. There-
fore, we still need to explore the bidirectional relation-
ship between psychological disorder and dementia using 
randomized controlled trials (RCT) or time-series studies 
in the future.

Our study indicates that raising awareness of the asso-
ciations between physical and psychological multimor-
bidity and dementia is essential. Patients may postpone 
addressing their physical health management until their 

Table 2 The associations of physical and psychological disorders with dementia

Model 1 was a univariate model; model 2 additionally adjusted for age, gender, educational level, marital status, and total wealth income; and model 3 additionally 
added self-reported body mass index, physical activity, drinking, and smoking. Data was represented as HR and 95% CI. HR Hazard ratio, 95% CI, 95% confidence 
interval

Dementia incidence (per 1000 
person-years)/dementia incidence 
(n/N)

Model 1 Model 2 Model 3

Continental Europe
 None 3.47/0.01 (22/1496) 1 (reference)

 Only physical disorder 6.46/0.03 (86/3197) 1.75 (1.10, 2.80) 1.22 (0.75, 1.98) 1.23 (0.75, 2.00)

 Only psychological disorder 2.10/0.01 (2/219) 0.58 (0.14, 2.44) 0.51 (0.12, 2.15) 0.48 (0.12, 2.01)

 Physical and psychological multimorbidity 10.46/0.04 (44/1027) 2.59 (1.55, 4.33) 1.87 (1.09, 3.20) 1.86 (1.08, 3.21)

 Pseudo log-likelihood (degrees of freedom) 
of model

− 1190 (3) − 1138 (12) − 1135 (18)

US
 None 3.48/0.02 (16/794) 1 (reference)

 Only physical disorder 7.57/0.04 (272/6354) 2.13 (1.29, 3.52) 1.44 (0.87, 2.40) 1.57 (0.94, 2.62)

 Only psychological disorder 10.34/0.06 (4/69) 2.93 (0.98, 8.77) 2.55 (0.85, 7.64) 2.57 (0.85, 7.79)

 Physical and psychological multimorbidity 14.82/0.08 (105/1326) 4.11 (2.44, 6.94) 2.66 (1.56, 4.53) 2.76 (1.61, 4.72)

 Pseudo log-likelihood (degrees of freedom) 
of model

− 3506 (3) − 3428 (12) − 3405 (18)

Pooled outcome
 None / 1 (reference)

 Only physical disorder / 1.89 (1.21, 2.57) 1.31 (0.83, 1.79) 1.35 (0.85, 1.85)

 Only psychological disorder / 0.99 (− 0.76, 2.74) 0.87 (− 0.66, 2.39) 0.83 (− 0.69, 2.36)

 Physical and psychological multimorbidity / 3.08 (1.69, 4.47) 2.13 (1.27, 2.99) 2.15 (1.27, 3.03)
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psychological health needs are met [33]. Models of inte-
grated elderly healthcare are developing due to the high 
disease burden of multimorbidity, such as community 
multidisciplinary teams, joint medical/psychiatry inpa-
tient units, and care home intervention teams [33, 34]. 
Our findings indicate that joint medical/psychiatry 
units could be expected to achieve the goal of prevent-
ing dementia. However, it is noted that the same model 
should not be replicated in practice. Care models should 
consider the local multimorbidity burden, differences in 
medical resources, and financial support within the scope 
of team’s jurisdiction. Identifying and prioritizing prob-
lems, evaluating and selecting cost-effective and efficient 
models to address the complex and long-term medical 
needs of older adults before putting them into practice is 
preferable.

Furthermore, the high prevalence of physical and psy-
chological multimorbidity among older adults poses a 
significant challenge. In our study, we reported that the 
prevalence of physical and psychological multimorbidity 
was higher than 15% among older adults in the US and 
Europe, which is consistent with previous studies [6, 35], 
The prevalence of physical and psychological multimor-
bidity was affected by several factors, such us the num-
ber of diseases, population characteristics, and study 
period [36]. Due to not including more diseases, the 
prevalence of physical and psychological multimorbid-
ity in the US and Europe may be underestimated. How-
ever, more importantly, our study utilized multinational 
data and identified common characteristics of partici-
pants with physical and psychological multimorbidity in 
the US and Europe, including older age, lower educa-
tional level, obesity, and no physical activity. Asante et al. 

also found that increasing age and lower education were 
both related to physical or psychological disorders [37]. 
Increasing awareness and understanding of the at-risk 
population for experiencing physical and psychological 
multimorbidity, and creating a medical environment that 
is friendly to individuals with physical and psychological 
multimorbidity, will empower people with this condition 
and their healthcare providers to enhance autonomy by 
identifying and modifying risk factors early.

The major strength of this study was its design, which 
utilized two cohorts from different regions to investi-
gate the association between physical and psychological 
multimorbidity with dementia, ensuring robust extrapo-
lation. In recent years, multi-cohort analysis for com-
plex health outcomes, such as cognitive impairment 
and dementia, has been advocating [38–40]. Regional 
differences in economic and medical care may affect 
the progression of dementia. Analysis of related mental 
health issues from multi-cohort analysis is generaliz-
able due to participants from various socioeconomic 
backgrounds [38–41]. However, several limitations and 
future research directions should be discussed. Firstly, 
self-reported information may have been a recall bias 
in our study. In addition, the diagnostic criteria for spe-
cific diseases (i.e., hypertension) may vary over time and 
across different geographic regions with the development 
of clinical practice. We used baseline data from the same 
year to minimize the impact on results. In addition, we 
excluded older adults with unavailable information on 
dementia or cognitive impairment at baseline to observe 
the subsequent risk of dementia among older adults with 
normal cognition. Some participants with unavailable 
information may do not have dementia but be excluded, 

Fig. 2 The subgroup analysis on the associations of physical and psychological multimorbidity with dementia. The reference group was no physical 
and psychological disorders; model adjusted age, gender, educational level, marital status, total wealth income, self-reported body mass index, 
physical activity, drinking, and smoking. Data was represented as pooled HR and 95% CI. 95% CI, 95% confidence interval; HR, hazard ratio
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which may lead us to overestimate the risk of develop-
ing dementia. Secondly, follow-up is commonly limited 
by the discrete nature of large-sample epidemiological 
design [42, 43]. Utilizing discrete-time data may overlook 
events that occur between each discrete-time point and 
significant number of ties (events that were recorded to 
have happened at the same time). However, for the 2-year 
follow-up interval, the number of ignored events may be 
relatively lower. In addition, the time-varying risk (i.e., 
some participants might have developed additional psy-
chological diseases during the follow-up) was not con-
sidered in our study due to the decreasing sample size 
with low statistical power and the minimal variations in 
the observed exposure variables across the four waves. 
Future research should consider the time-varying risk of 
physical and psychological multimorbidity on dementia. 
Finally, there is a consolidated trend towards multi-com-
ponent interventions for the progression of dementia, 
especially evident in the World-Wide Finnish Geriatric 
Intervention Study to Prevent Cognitive Impairment and 
Disability (WW-FINGERS) [44]. The WW-FINGERS, 
launched in 2017 and spanning over 25 countries, is 
the first global network of multidomain lifestyle inter-
vention trials aimed at reducing the risk of dementia. 
Our results further provide evidence of the associations 
between complex multimorbidity and dementia, sup-
porting the aim of WW-FINGERS. The results from the 
FINGER trial highlighted the importance of addressing 
multiple dementia risk factors as a strategy to protect 
brain health, promote overall health and functioning, and 
reduce the risk of developing new chronic diseases [14, 
44, 45]. The WW-FINGERS study points that the focus 
is on individual-based preventive approaches in persons 
with increased risk of dementia [44]. The WW-FINGERS 
proposed that the impact on the occurrence of dementia 
by risk factor modifications in public health interventions 
can be expected [44]. Public health interventions focus 
not only on the integrated preventive measures, but also 
on its cost-effectiveness. Therefore, RCTs should pro-
vide more information, such as health economics and the 
completion rate of behavior change, specific intervention 
methods (health education at individual-level or commu-
nity empowerment) to assist researchers in exploring the 
cost-effectiveness in cross-cultural and different socioec-
onomic settings in the future.

Conclusions
In conclusion, our results suggest that physical and psy-
chological multimorbidity was prevalent among older 
adults in the US and continental Europe. Considering 
its consistent associations with dementia, it is urgent 
to raise awareness of the links, improve the capacity of 
health and social care professionals, and recognize the 

limitations of single-disorder care. Meanwhile, specific 
components of care for patients with dementia include 
providing care coordination for common modifiable 
risk factors of physical and psychological disorders, 
which may be more economical and feasible. Improv-
ing the contributing factors of physical and psycho-
logical multimorbidity to prevent dementia can assist 
clinicians in avoiding the cumulative implementation 
of a risky single-disease approach. Meanwhile, they 
can focus on the enhancing overall well-being by opti-
mizing medication management and improving care 
coordination.
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