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Abstract
Background

Geriatric syndromes (GSs) commonly coexist with cardiometabolic diseases (CMDs) and may contribute
to differences in cognitive function among individuals with cardiometabolic multimorbidity (CMM).
However, whether specific GSs, their cumulative number, and their multitrajectoryes modify the
association between CMDs and cognitive function remains unclear. We aimed to examine the modifying
role of GSs in the association between CMDs and cognitive function.

Methods

This multicohort study pooled harmonised longitudinal data from five prospective ageing cohorts in
China, the UK, the USA, Mexico, and South Korea. CMDs included diabetes, heart disease, and stroke.
Five GSs were assessed: frailty, depressive symptoms, falls, pain, and urinary incontinence. Fixed-effects
linear regression models were used to examine interactions between the number of CMDs and individual
GSs or the cumulative number of GSs in relation to global and domain-specific cognitive function. Group-
based multi-trajectory modelling was used to identify joint eight-year trajectories of the five GSs and
assess effect modification by trajectory group.

Results

Among 68,090 participants, 25.1% had one CMD and 5.7% had CMM at baseline. Frailty modified the
associations between three CMDs and global cognitive function (interaction f=-0.68, 95% Cl: -1.25 to
-0.11), memory (interaction B=-0.53, 95% CI: -0.96 to -0.09), and orientation (interaction B=-0.82, 95% CI:
-1.54 10 -0.11). Depressive symptoms modified the association between two CMDs and orientation
(interaction B=-0.11,-0.20 to -0.02), whereas falls, pain, and urinary incontinence showed no significant
interactions. Three or more GSs modified the associations between three CMDs and global cognitive
function (interaction B=-0.34, 95% CI: -0.62 to -0.07) and orientation (interaction f=-0.50, 95% CI: -0.88 to
-0.12). Among 27,066 participants included in the trajectory analysis, five groups were identified: low-
stable, pre-frailty progression, pain-dominant, multisyndrome progression, and urinary incontinence
progression. Compared with the low-stable group, the association between three CMDs and global
cognitive function differed across all four progressive trajectory groups. Trajectory-specific associations
were significant only in the multisyndrome progression group, in which two CMDs (8=-0.13, 95% CI: -0.21
to -0.04) and three CMDs (B=-0.38, 95% Cl: -0.59 to -0.17) were associated with lower global cognitive
function.

Conclusions
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Frailty, depressive symptoms, the accumulation of three or more GSs, and progressive GS trajectories
modified the association between multiple CMDs and cognitive function. Assessment of the presence,
accumulation, and longitudinal development of GSs may help identify middle-aged and older adults with
CMM who have lower cognitive function.

Background

Cognitive decline is a major public health challenge in older adults, which can lead to reduced functional

independence and quality of life and often precedes the development of dementia(’). Cardiometabolic
multimorbidity (CMM), defined as the coexistence of two or more cardiometabolic diseases (CMDs)
within an individual, are well-established risk factors for cognitive impairment(z). Nevertheless, some
individuals with multiple CMDs maintain relatively stable cognitive function over time, whereas others
experience accelerated cognitive decline, which suggests that CMDs alone may not fully explain
individual differences in cognitive ageing, and that identifying potentially modifiable factors that may
alter the association between CMDs and cognitive function is important(®.

Geriatric syndromes (GSs) are multifactorial conditions arising from interacting impairments across
multiple physiological and functional systems that increase an individual’s susceptibility to common
stressors™ %. Common GSs include frailty, depressive symptoms, falls, pain, and urinary incontinence.
These syndromes frequently coexist, change over time, and collectively reflect impairments across
physical, psychological, and functional domains(® 7). Increasing evidence suggests that individual GSs,
as well as combined patterns and longitudinal trajectories of multiple co-occurring GSs, are associated

with increased risks of cognitive impairment (8-14) Importantly, GSs and CMDs also commonly coexist
during mid-to-late life('%). The coexistence of GSs among individuals with CMDs may indicate reduced
health reserve and resilience, thereby may amplifying susceptibility to cognitive decline. However,
whether GSs modify the association between CMDs and cognitive function remains unclear.

Previous studies have mainly examined the direct association between CMDs and cognitive function,
with less attention given to factors that may modify this association®). Existing research on effect
modification has mainly focused on lifestyle factors and genetic characteristics(3), whereas GSs have
rarely been considered. In addition, studies examining the relationships of GSs with cognitive impairment
or CMDs have mostly focused on individual GSs, although GSs often occur together and their cumulative
burden may better capture overall health status. The potential roles of the cumulative number of GSs in
modifying the association between CMDs and cognitive function has not been well studied. Moreover,
GSs can change over time, with some conditions developing, persisting or improving. However, whether
the changes in longitudinal patterns of multiple GSs has not been systematically evaluated. Furthermore,
most existing studies have also relied on a single cohort, which may limit the generalisability of their
findings across different populations.
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To address these gaps, we conducted a multicohort study using harmonised longitudinal data from
nationally representative ageing cohorts in China, the United Kingdom, the United States, Mexico, and
South Korea. We aimed to examine whether GSs modified the association between CMDs and cognitive
function. Specifically, we assessed whether individual GSs and the cumulative number of coexisting GSs
modified this association, and whether joint longitudinal trajectories of GSs further modified the
association between CMDs and cognitive function.

Methods
Study design and population

The five prospective cohort studies included in this multicohort study were part of the Global Aging,
Health, and Policy programme: the China Health and Retirement Longitudinal Study (CHARLS), the
English Longitudinal Study on Ageing (ELSA), the US Health and Retirement Study (HRS), the Mexican
Health and Aging Study (MHAS) and the Korean Longitudinal Study of Aging (KLoSA). These studies are
sister studies following similar study protocols, enabling the cross-regional comparisons('®).
Participants were interviewed every 2 or 3 years in each study where their information on
sociodemographic characteristics, lifestyle behaviours, and health status were collected. Detailed study
designs of the four cohorts are available elsewhere(17=21),

The study design and population selection process are presented in Figure S1. To ensure consistent time
periods across the five studies, we used data of five waves from each study: waves 1-4 of CHARLS
(2011-2018), waves 10—14 of HRS (2010-2018), waves 7-9 of ELSA (2014-2018), waves 3—4 of MHAS
(2012-2018) and wave 3-7 of KLoSA (2010-2018). We included participants aged 50 years.
Participants who were missing information on cardiometabolic diseases and cognitive function, or had
been diagnosed with dementia or Parkinson’s disease, were excluded. Participants with data from at
least one wave of frailty status, depressive symptom, falls, pain and urinary incontinence were included
(n=68,090). A subpopulation of participants with more than three repeated measures across these
domains was further included in the analysis of joint trajectories of frailty status, depressive symptom,
falls, pain and urinary incontinence (n = 27,066). Baseline characteristics of participants included or not
included in the analysis of joint trajectories are compared in Table S10.

Cardiometabolic diseases and multimorbidity

As in previous studies, the CMDs assessed in this study included diabetes, heart disease, and stroke (22~

24) The presence of these conditions was determined via self-reported history obtained through an in-

person visit with study personnel via a questionnaire. Detailed definitions of CMDs in the five studies are
presented in Table S1. We further defined CMM based on the number of individual CMDs, with the

presence of two or more CMDs considered as CMM(23).
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Cognitive function

Cognitive function was measured through study-specific cognitive tests, including episodic memory
(immediate and delayed word recall), orientation (a recall test of the month, date, day of week, and year)
and executive (a serial 7's subtraction test in CHARLS, HRS, ELSA, KLoSA; verbal fluency tests in MHAS)
(24) The composite cognitive scores represented the level of participants’ cognitive function, with a
lower score representing a worse cognitive function. Detailed measures refer to Table S1. To compare
cognitive domains across the five studies, and to ensure that the scores followed a normal distribution,
all cognitive function measures were standardised by creating a Z-score for each domain, which was

based on subtracting the mean and dividing by the SD of the corresponding categories.

Geriatric syndromes

Five geriatric syndromes were assessed: frailty, depressive symptoms, falls, pain, and urinary
incontinence. Frailty was measured using a frailty index reflecting the accumulation of age-related health
deficits(?>26). Based on data availability, the index comprised 24 items in CHARLS, HRS, and ELSA, 23
items in MHAS, and 17 items in KLoSA, covering chronic diseases, sensory impairment, self-rated health,
limitations in basic and instrumental activities of daily living (BADL/IADL), and mobility (Table $2)(@7).
Each deficit was coded as 1 if present and 0 otherwise, and the frailty index was calculated as the
number of deficits present divided by the total number of available items in the corresponding cohort.
Frailty status was classified as robust (Fl < 0.10), pre-frail (0.10 < FI < 0.25), or frail (FI = 0.25)(2829),
Depressive symptoms were assessed using cohort-specific versions of the Center for Epidemiologic
Studies Depression Scale: the CES-D-10 in CHARLS and KLoSA, the CES-D-8 in HRS and ELSA, and the
CES-D-9 in MHAS(O), Participants were classified as having depressive symptoms if their scores were >

10 in CHARLS and KLoSA, = 3 in HRS and ELSA, or = 5 in MHAS®" 32 The diagnosis of depressive
symptoms specific items saw Table S2. Falls were defined according to whether participants reported
any fall buring the previous 2 years(33‘35). Pain was defined as currently experiencing pain. Urinary
incontinence was coded as a binary variable. In CHARLS, it was identified from reported difficulty
controlling urination or defecation; in HRS, ELSA, and KLoSA, it referred to urinary incontinence in the
past year, and in MHAS, in the past 2 years. The total number of geriatric syndromes was calculated by
summing these five conditions and categorised as 0, 1, 2, or = 3. Detailed cohort-specific definitions and

cut-off values are provided in Table S1.

Covariates

Covariates assessed in this study included sociodemographic characteristics (age, sex, educational
level, total household wealth, marital status), lifestyle factors (current smoking status, alcohol
consumption, physical activity and social activity) and countries (China, USA, HK, Mexico and Korea),
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following previous study methodology?* 39). Missing covariates were assigned to the ‘missing’ groups.
Further details of the harmonization strategies for covariates are presented in Table S4.

Statistical analysis

Baseline characteristics were summarised using each participant’s first available observation.
Continuous variables are presented as means with standard deviations, and categorical variables as
frequencies and percentages. Characteristics were described overall and according to the
cardiometabolic status.

In the primary analysis, fixed-effects linear regression models were used to examine the associations
between the number of CMDs and global cognitive function and its specific domains, including memory,
numeracy, and orientation. The number of CMDs was modelled as a categorical variable (0, 1, 2, or 3),
with no CMDs as the reference group. Individual fixed effects were used to account for all measured and
unmeasured time-invariant individual characteristics, and cohort-specific survey-wave fixed effects were
included to control for temporal differences across cohorts. Robust standard errors were clustered at
the participant level to account for repeated observations. The fully adjusted models included age,
educational level, total household wealth, marital status, current smoking status, alcohol consumption,
physical activity, and social activity; sex and other time-invariant characteristics were accounted for by
the individual fixed effects.

We subsequently examined whether geriatric syndromes modified the association between CMDs and
cognitive function. Interaction terms were first fitted separately for each specific geriatric syndrome,
including frailty status, depressive symptomes, falls, pain, and urinary incontinence. We then examined
the moderating role of the total number of geriatric syndromes, categorized as 0, 1, 2, or = 3. The overall
significance of the interaction terms was evaluated using joint Wald tests. Post-estimation marginal
predictions were calculated to illustrate adjusted cognitive function scores across number of CMDs
according to each specific geriatric syndrome and the number of geriatric syndromes.

In the secondary analysis, group-based multi-trajectory modelling (GBMTM) was used to identify the
multi-trajectory groups of frailty status, depressive symptoms, falls, pain, and urinary incontinence over
follow-up. The optimal number and shapes of the trajectory groups were selected based on the Bayesian
information criterion (BIC) close to zero, average posterior probabilities (AvePP) of group assignment
greater than 0.70, adequate group sizes, and clinical interpretability®”). Participants were assigned to the
trajectory group for which they had the highest posterior probability. Interaction terms between the
number of CMDs and trajectory group were then added to the fixed-effects models, and trajectory-
specific differences in cognitive function were estimated using participants without CMDs within each
trajectory group as the reference.

Sensitivity analyses were conducted. First, missing data were addressed using a two-level multiple
imputation by chained equation (MICE) method, with 30 imputed datasets generated and estimates
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combined according to Rubin’s rules. Second, cohort-specific analyses were conducted to examine
whether the findings were consistent across five cohort studies. However, cohort-specific trajectory
analyses were not conducted because the number of participants with at least three repeated
measurements was insufficient within individual cohorts. Results are reported as regression coefficients
with 95% confidence intervals. All tests were two-sided, and a p value < 0.05 was considered statistically
significant. Analyses were conducted using Stata version MP 18.0.

Results

Baseline characteristics of participants

The final analysis included 68,090 participants, of whom 13,062 (19.18%) were from China, 18,485
(27.15%) from the USA, 9,693 (14.24%) from the UK, 18,877 (27.72%) from Mexico, and 7,973 (11.71%)
from South Korea (Table 1). The mean (SD) age of participants at baseline was 63.84 (9.78%) years.
Among the included participants, 25.09% had a single CMD and 5.71% had CMM at baseline. The
characteristics of participants by baseline CMM status are shown in Table 1. Compared with participants
without CMDs, those with a single CMD or CMM were more likely to be older, lower educated, lower
household wealth, single, current smokers, physically inactive and socially inactive.
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Table 1
Characteristics of the study population at baseline.

Age, mean (SD)

Sex, n(%)

Male

Female

Educational level, n (%)

Primary

Secondary

Tertiary

Missing

Total

(N=
68,090)

63.84
(9.78)

30,909
(45.39)

37,181
(54.61)

36,727
(53.94)

20,026
(29.41)

10,204
(14.99)

1,133
(1.66)

Total household wealth, n (%)

Q1

Q2

Q3

Missing

Marital status, n (%)

Married

20,406
(29.97)

21,235
(31.19)

21,768
(31.97)

4,681
(6.87)

49,707
(73.00)

Cardiometabolic status

No CMD
(N=
47,117)

62.67
(9.48)

21,562
(45.76)

25,555
(54.24)

25,852
(54.87)

13,007
(27.61)

7,415
(15.74)

843 (1.79)

13,266
(28.16)

14,325
(30.40)

15,805
(33.54)

3,721
(7.90)

35,344
(75.01)
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Single
CMD

(N=
17,083)

65.98
(9.90)

7,484
(43.81)

9,599
(56.19)

9,101
(53.28)

5,428
(31.77)

2,306
(13.50)

248 (1.45)

5,652
(33.09)

5,622
(32.91)

4,993
(29.23)

816 (4.78)

11,845
(69.34)

CMM
(N = 3890)

68.67
(9.76)

1,863
(47.89)

2,027
(52.11)

1,774
(45.60)

1,591
(40.90)

483
(12.42)

42 (1.08)

1,488
(38.25)

1,288
(33.11)

970
(24.94)

144 (3.70)

2,518
(64.73)

value

<
0.001

<
0.001

<
0.001

<
0.001

<
0.001




Single

Missing

Current smoking status, n (%)

No

Yes

Missing

Alcohol consumption, n (%)

Less than weekly drinking

Weekly drinking or more

Missing

Physical activity, n (%)

Physical inactive

Physical active

Missing

Social activity, n (%)

Socially inactive

Socially active

Missing

Total

(N=
68,090)

18,366
(26.97)

17 (0.03)

36,509
(53.62)

31,166
(45.77)

415 (0.61)

33,742
(49.56)

33,147
(48.68)

1,207
(1.76)

34,775
(51.07)

26,306
(38.63)

7,009
(10.29)

25,546
(37.52)

29,409
(43.19)

13,135
(19.29)

Cardiometabolic status

No CMD
(N=

47,117)
11,763
(24.97)

10 (0.02)

25,829
(54.82)

20,978
(44.52)

310 (0.66)

22,254
(47.23)

24,037
(51.02)

826 (1.75)

22,107
(46.92)

19,466
(41.31)

5,544
(11.77)

18,496
(39.26)

21,007
(44.58)

7,614
(16.16)
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Single
CMD

(N=
17,083)

5,233
(30.63)

5(0.03)

8,930
(52.27)

8,074
(47.26)

79 (0.46)

9,315
(54.53)

7,477
(43.77)

291 (1.70)

CMM
(N = 3890)

1,370
(35.22)

2 (0.05)

1,750
(44.99)

2,114
(54.34)

26 (0.67)

2,173
(55.86)

1,633
(41.98)

84 (2.16)

2,673
(68.71)

1,034
(26.58)

183 (4.70)

1,146
(29.46)

1,353
(34.78)

1,391
(35.76)

value

<
0.001

<
0.001

<
0.001

0.040




Total Cardiometabolic status P
value
(N= No CMD Single CMM
68,090) CMD
(N= (N = 3890)
47,117) (N =
17,083)
Global cognitive function 0.02(1.04) 0.08(1.02) -0.07 -0.27 <
score, mean (SD) (1.07) (1.17) 0.001
Memory score 0.03 (1.00) 0.08 (0.99) -0.08 -0.25 <
(1.00) (1.02) 0.001
Orientation score -0.02 0.01(1.12)  -0.06 -0.23 <
(1.17) (1.21) (1.42) 0.001
Executive function score 0.02(1.01) 0.06(0.99) -0.04 -0.17 <
(1.03) (1.06) 0.001

Associations between cardiometabolic diseases and
cognitive function

Compared with participants without CMDs, those with one CMD did not have a significantly different
global cognitive function score. However, two CMDs were associated with lower global cognitive
function (B=-0.07, 95% CI: -0.11 to -0.02), and the association was more pronounced for three CMDs
(B=-0.20, 95% Cl: -0.34 t0 -0.06). Across the individual cognitive domains, two and three CMDs were
associated with lower memory scores (B=-0.06, 95% Cl: -0.11 to -0.01; and B=-0.16, 95% CI: -0.29 to -0.03,
respectively). Three CMDs were also associated with lower orientation scores (8=-0.19, 95% CI: -0.37 to
-0.003), whereas no significant associations were observed between the number of CMDs and executive
function. Among the individual CMDs, stroke showed the strongest association with global cognitive
function (B=-0.12, 95% CI: -0.18 to -0.06) (Table S5).

Effect modification by specific geriatric syndromes and
their number

There was a significant interaction between three CMDs and frailty status for global cognitive function,
memory, and orientation (Table S6). Compared with robust participants, the association between three
CMDs and cognitive function was more negative among frail participants for global cognitive function
(interaction B=-0.68, 95% CI: -1.25 to -0.11), memory (interaction f=-0.53, 95% CI: -0.96 to -0.09), and
orientation (interaction B=-0.82, 95% Cl: -1.54 t0 -0.11). To further explore these interactions, marginal
predictions showed that global cognitive function decreased with increasing CMD burden among frail
participants, whereas no comparable decrease was observed among robust or pre-frail participants
(Fig. 1). No significant interaction between CMD number and pre-frailty was observed for global
cognitive function, memory, or orientation.
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Similarly, there was a significant interaction between two CMDs and depressive symptoms for
orientation (interaction B=-0.11, 95% CI: -0.20 to -0.02), indicating that the association between two
CMDs and lower orientation was stronger among participants with depressive symptoms than among
those without depressive symptoms. However, no significant interactions between CMD number and
depressive symptoms were observed for global cognitive function, memory, or executive function. No
significant interactions of falls, pain, or urinary incontinence with CMD number were observed across the
cognitive outcomes, except for the association described above (Table S6).

There was also a significant interaction between three CMDs and three or more geriatric syndromes for
global cognitive function and orientation (Table S7). Compared with participants without geriatric
syndromes, the association between three CMDs and cognitive function was more negative among
those with three or more geriatric syndromes for global cognitive function (interaction B=-0.34, 95% ClI:
-0.62 t0 -0.07) and orientation (interaction B=-0.50, 95% CI: -0.88 to -0.12). To further explore these
interactions, marginal predictions showed that global cognitive function decreased markedly with
increasing CMD burden among participants with three or more geriatric syndromes, whereas little
change was observed among those without geriatric syndromes (Fig. 2). No significant interactions were
observed between one or two CMD and geriatric syndrome number or between three CMDs and one or
two geriatric syndromes (Table S7).

Geriatric syndrome multitrajectories and effect
modification

Among 27,066 participants, group-based multi-trajectory modelling identified five patterns of
concurrently changing trajectories of frailty status, depressive symptomes, falls, pain, and urinary
incontinence: G1 (23.07%), low-stable; G2 (21.03%), pre-frailty progression; G3 (13.40%), pain-dominant;
G4 (21.82%), multi-syndrome progression; and G5 (10.67%), urinary incontinence progression (Fig. 3).

There were significant interactions between three CMDs and trajectory group for global cognitive
function (Table S9). Compared with G1, the association between three CMDs and global cognitive
function was more negative in G2 (interaction B=-0.57, 95% Cl: -1.00 to -0.15), G3 (interaction B=-0.57,
95% Cl:-1.01 to -0.14), G4 (interaction =-0.85, 95% Cl: -1.22 to -0.48), and G5 (interaction 3=-0.75, 95%
Cl:-1.34 t0 -0.17). No significant interactions between one or two CMDs and trajectory group were
observed.

To further explore these interactions, trajectory-specific estimates were calculated (Fig. 4). In G4,
participants with two CMDs had lower global cognitive function than those without CMDs (B=-0.13, 95%
Cl:-0.21 to -0.04), and the difference was larger among participants with three CMDs (B=-0.38, 95% Cl:
-0.59 to -0.17). No significant associations between CMD number and global cognitive function were
observed in G2, G3, or G5. In G1, three CMDs were associated with higher global cognitive function (B =
0.47,95% CI: 0.17 to 0.78); however, this estimate was based on only six participants and should be
interpreted cautiously.

Page 12/23



Sensitivity analyses

Multiple-imputation analyses using 30 imputed datasets were broadly consistent with the complete-case
findings: two CMDs (B =-0.04, 95% CI: -0.08 to -0.001) and three CMDs (B =-0.12, 95% Cl: -0.22 t0 -0.02)
remained associated with lower global cognitive function. The interaction between two CMDs and three
or more geriatric syndromes also remained significant (B =-0.08, 95% Cl: -0.15 to -0.01), while significant
interactions were additionally observed between two CMDs and frailty and between two CMDs and falls.
Cohort-specific analyses showed that the magnitude and statistical significance of the associations
varied across cohorts. However, although lager number of CMDs were generally associated with poorer
global cognitive function, the modifying effect of geriatric syndrome number on the association between
number of CMDs and global cognitive function varied across cohorts and was not consistently
replicated. In contrast, the specific interaction terms were less consistently replicated across cohorts,
suggesting some heterogeneity in the moderating effects of geriatric syndromes.

Discussion

To the best of our knowledge, this is the first study to examine whether GSs modify the association
between CMDs and cognitive function among middle-aged and older adults, using data from five ageing
cohorts across Asia, North America, and Europe. Among the five individual GSs, we found frailty and
depressive symptom modified the associations between CMDs and cognitive function. Regarding the
number of GSs, three or more GSs modified the associations between CMDs and cognitive function. We
further identified five eight-year joint GS trajectory groups: low-stable, pre-frailty progression, pain-
dominant, multisyndrome progression, and urinary incontinence progression. Compared with the low-
stable group, the association between CMDs and cognitive function differed across the other four
trajectory groups. However, trajectory-specific analyses showed significant associations only in the
multisyndrome progression group, in which participants with two or three CMDs had lower global
cognitive function than those without CMDs. Together, these findings underscore the importance of
comprehensive assessment and management of GSs among individuals with CMDs to help prevent or
delay further cognitive decline.

Firstly, we found that frailty modified the association between CMDs and cognitive function. Frailty is a
dynamic biological process involving deterioration across multiple physiological systems, resulting in
reduced capacity to respond to environmental stressors, such as injury or iliness 839, Previous studies
have associated frailty with poorer cognitive function, accelerated cognitive decline, and an increased
risk of dementia®®=42_ CMDs may represent a chronic disease-related stressor, and frailty may intensify
their adverse association with cognitive function by combining cardiometabolic abnormalities with
multisystem functional impairment. In contrast, pre-frailty did not significantly modify this association,
suggesting that such modification may occur mainly after frailty has progressed beyond its earlier stage
rather than throughout the frailty continuum.
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In addition to frailty, depressive symptoms worsened the association between two CMDs and orientation
but not the associations with global cognitive function, memory, or executive function in this study.
Previous studies have associated depressive symptoms with cognitive decline [6] although whether they
modify the association between CMDs and cognitive function remains insufficiently studied. The
domain-specific finding for orientation may reflect its dependence on cognitive processes that can be
affected by depressive symptoms('¥). Falls, pain, and urinary incontinence did not interact with CMDs,
possibly because these conditions represent relatively specific functional or symptomatic impairments
and may not capture the broader multisystem deterioration required to further intensify the association
between CMDs and cognitive function.

Secondly, significant effect modification was observed mainly among participants with both three CMDs
and three or more GSs, whereas no comparable interactions were found among those with only one or
two GSs. Previous studies have shown that GSs rarely occur in isolation because they share common
risk factors and often have overlapping clinical manifestations(”). Accordingly, the accumulation of
multiple GSs may better reflect overall health deterioration and multisystem impairment than any single
syndrome. The coexistence of multiple CMDs and multiple GSs may represent a dual accumulation of
cardiometabolic disease and age-related health deficits. When both accumulate, overlapping vascular,
metabolic, psychological, and functional impairments may reinforce one another, reduce the capacity to
cope with disease-related stress, and thereby amplify the association between CMDs and poorer
cognitive function™3 44 This may explain why effect modification became apparent only when both the
number of CMDs and the number of GSs were high.

Lastly, we further found that the joint trajectories of GSs modified the association between CMM and
cognitive function. Compared with the low-stable group, the association of three CMDs with global
cognitive function shifted towards lower scores in the pre-frailty progression, pain-dominant,
multisyndrome progression, and urinary incontinence progression groups, with similar differences
observed for memory. However, trajectory-specific analyses identified significant associations only in the
multisyndrome progression group, where both two and three CMDs were associated with lower global
cognitive function. This pattern suggests that sustained progression in a single predominant syndrome
may alter the CMD-cognition association, whereas the concurrent progression of several GSs may be
more strongly related to lower cognitive function among individuals with CMM. Previous studies have
shown that worsening or persistent trajectories of frailty and depressive symptoms are associated with
faster cognitive decline"). The multisyndrome progression group captures persistent deterioration
across physical, psychological, and functional domains, and may therefore indicate reduced capacity to
compensate for the combined effects of multiple CMDs(*). Nevertheless, the interaction estimates
should be interpreted cautiously because the reference estimate for three CMDs in the low-stable group
was based on only six participants.

Strengths and limitations
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This study has several strengths. First, it focused on the role of GSs in the association between CMDs
and cognitive function and systematically examined effect modification by individual GSs, the
cumulative number of GSs, and the eight-year joint trajectories of five GSs. Second, it combined
harmonised longitudinal data from five population-based ageing cohorts across Asia, Europe, and North
America, thereby enhancing the generalisability and robustness of the findings. Several limitations
should be acknowledged. First, the observational design precludes causal inference. Second, GSs were
assessed using self-reported information, which may have introduced recall and misclassification bias.
Definitions and recall periods also differed across cohorts, particularly for falls and urinary incontinence.
Third, the trajectory analysis was restricted to participants with at least three repeated assessments,
which may have introduced healthy-survivor and selection bias. In addition, assigning participants to the
trajectory group with the highest posterior probability did not fully account for classification uncertainty.
Fourth, some combinations of CMD number and trajectory group included few participants, resulting in
imprecise estimates.

Conclusions

In this multicohort study, frailty, depressive symptoms, the coexistence of three or more GSs, and the
multisyndrome progression trajectory modified the association between the number of CMDs and
cognitive function. These findings support integrating comprehensive screening and repeated
assessment of GSs into the clinical management of middle-aged and older adults with CMDs. Particular
attention should be given to individuals with CMM and multiple or progressively worsening GSs, as they
may be more likely to have lower cognitive function. Joint consideration of CMDs and GSs may improve
risk stratification and guide targeted cognitive monitoring and early intervention to help prevent or delay
further cognitive decline.
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Margin effects of cardiometabolic disease on global cognitive function scores, stratified by specific
geriatric syndromes.

Abbreviation: CMDs cardiometabolic diseases. All coefffcients were estimated after adjusting for age,
sex, educational level, total household wealth, marital status, current smoking status, alcohol
consumption, physical activity and social activity.
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Margin effects of cardiometabolic disease on global cognitive function scores, stratified by number of
geriatric syndromes (0, 1, 2 and 3 or more).

Abbreviation: CMDs cardiometabolic diseases, GS geriatric syndromes. All coefffcients were estimated
after adjusting for age, sex, educational level, total household wealth, marital status, current smoking
status, alcohol consumption, physical activity and social activity
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Trajectory-specific associations between cardiometabolic diseases and global cognitive function.

Abbreviation: CMDs cardiometabolic diseases, GS geriatric syndromes. All coefffcients were estimated
after adjusting for age, sex, educational level, total household wealth, marital status, current smoking
status, alcohol consumption, physical activity and social activity
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