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ABSTRACT　
 
Background　 Motoric cognitive risk (MCR) syndrome as a pre-dementia syndrome often co-occurring with chronic health condi-
tions. This study aims to investigate the prevalence of MCR and its association with cardiometabolic and panvascular multimorb-
idity among older people living in rural China.
 
Methods　 This population-based study included 1450 participants who were aged ≥ 60 years (66.2% women) and who underto-
ok the second wave examination of the Confucius Hometown Aging Project in Shandong, China when information to define MCR was
collected. Data were collected through in-person interviews, clinical examinations, and laboratory tests. Cardiometabolic and pa-
nvascular multimorbidity were defined following the international criteria. MCR was defined as subjective cognitive complaints and
slow gait speed in individuals free of dementia and functional disability. Multivariable logistic regression models were used to exa-
mine the associations of MCR with multimorbidity.
 
Results　 MCR was present in 6.3% of all participants, and the prevalence increased with advancing age. Cerebrovascular disea-
se, ischemic heart disease, heart failure, and increased serum cystatin C were associated with increased likelihoods of MCR (mult-
ivariable-adjusted odds ratio range: 1.90–3.02, P < 0.05 for all). Furthermore, there was a dose-response relationship between the nu-
mber of cardiometabolic diseases and panvascular diseases and the likelihood of MCR. The multivariable-adjusted odds ratio (95%
CI) of MCR associated with cardiometabolic and panvascular multimorbidity were 2.47 (1.43–4.26) and 3.85 (2.29–6.47), respectiv-
ely.
 
Conclusions　 Older adults with cardiometabolic and panvascular multimorbidity are at a higher likelihood of MCR. These fin-
dings may have implications for identifying older adults at pre-dementia state as targets for early preventive interventions to delay
dementia onset.

 

Motoric cognitive risk (MCR) syndrome is
defined as a pre-dementia syndrome char-
acterized by the presence of cognitive com-

plaints and slow gait in older individuals without deme-
ntia or mobility disability.[1] Previous studies have shown
that MCR in old age is associated with dementia, frailty,
falls, and mortality.[2] Notably, unlike other pre-demen-
tia syndromes such as mild cognitive impairment, the di-
agnosis of MCR does not necessitate specific neurops-
ychological and physical functional tests or biomarkers,
making it an easily applicable tool in clinical and primary

care settings for early detection of individuals at risk for
dementia. As effective treatments for dementia are limi-
ted, targeting pre-dementia syndromes and modifiable
factors allows for early interventions to slow down the pr-
ogression of cognitive impairment in older adults.

Cognitive impairment often co-exists with various chr-
onic conditions in older adults, particularly vascular disea-
ses that affect the brain, the heart, and blood vessels. One
group of such disease is referred to as cardiometabolic di-
seases, which primarily impact the cardiovascular syst-
em and metabolic health. They may lead to cognitive decl-
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ine, including dementia, through mechanisms such as ce-
rebral perfusion damage, brain structural changes, infla-
mmation, and β-amyloid deposition.[3,4] While there has
been growing research on the impact of individual cardi-
ometabolic diseases (e.g., hypertension and stroke) on co-
gnitive function,[2,5] few studies have explored the asso-
ciation between cardiometabolic multimorbidity (the pr-
esence of multiple cardiometabolic diseases) and cogni-
tive impairment.[6] Given the increasing prevalence of ca-
rdiometabolic multimorbidity among older adults, inv-
estigating its health impact on MCR, which may extend
beyond those of single conditions, could provide valuable
insights into disease clustering and inform clinical prac-
tice.[7] Furthermore, panvascular diseases, a constellation
of systemic vascular diseases with atherosclerosis as the
common pathological feature, affect vital organs like the
heart, brain, kidney, and limb.[8] Atherosclerosis has been
linked with the onset and accelerated progression of cog-
nitive dysfunction.[9] Therefore, exploring the concept of
panvascular diseases can offer a holistic perspective of
the body’s structure and function to understand vascular
changes and cognitive function, which merits further re-
search.

Thus, in this population-based study, we aimed to expl-
ore the prevalence and demographic distribution of MCR
and the associations of MCR with multimorbidity, espe-
cially with regard to cardiometabolic and panvascular mu-
ltimorbidity, among older people living in rural China. 

METHODS
 

Study Design and Participants

This was a population-based cross-sectional study. The
study participants were derived from the Confucius Hom-
etown Aging Project (CHAP) who undertook the second
wave (2014–2016) of data collection of the project when
data on factors to define MCR were collected. The CHAP
was aimed at investigating cardiovascular risk factors
and atherosclerotic mechanisms in aging and health, as
previously reported.[10,11] Briefly, all registered residents
who were aged 60 years and older living in the Xing Lo-
ng Zhuang community near Qufu, Shandong, China in
June 2014, were eligible for the second wave examination
of CHAP. Data were collected by a physician at the local
hospital that provides healthcare services to the comm-
unity residents, through face-to-face interviews, clinical
examinations, and laboratory tests. In total, 1521 persons

were examined, of these, 21 persons with missing infor-
mation on MCR and 50 persons with mobility disability or
dementias were excluded, leaving 1450 subjects for the
current analysis.

All waves of data collection in CHAP were approved
by the Ethics Committee at Jining No.1 People’s Hospital of
Jining Medical University, Shandong, China. Written inf-
ormed consent was obtained from all participants, or in the
case of cognitively impaired persons, from informants. Re-
search within CHAP had been conducted according to the
principles expressed in the Declaration of Helsinki. 

Data Collection

Data on sociodemographic characteristics, lifestyle fac-
tors (e.g., smoking and alcohol consumption), medical co-
nditions, and use of medications were collected. Specif-
ically, physical examinations were conducted to collect da-
ta on weight, height, and arterial blood pressure. Laborat-
ory tests were performed to measure fasting plasma glu-
cose, total cholesterol, triglycerides, low-density lipopro-
tein cholesterol, and serum cystatin C following standa-
rd methodology. Details of the data collection proced-
ures have been reported previously.[10,12,13]
 

Measurements
 

Cardiometabolic multimorbidity

Cardiometabolic diseases included diabetes mellitus,
hypertension, obesity, dyslipidemia, cerebrovascular dise-
ase, ischemic heart disease, and heart failure.[14] Hyperte-
nsion was defined as blood pressure ≥ 140/90 mmHg (me-
an of two readings) or current use of antihypertensive dr-
ugs,[12,13] diabetes mellitus as fasting plasma glucose ≥ 7.0
mmol/L or current use of oral blood glucose-lowering me-
dications or insulin,[15] and obesity as body mass index ≥ 28
kg/m2.[12] Dyslipidemia was defined as total cholesterol >
6.22 mmol/L, triglycerides ≥ 2.26 mmol/L, low-density li-
poprotein cholesterol ≥ 4.14 mmol/L, or the use of hypol-
ipidemic drugs.[16] Cerebrovascular disease (i.e., stroke and
transient ischemic attacks), ischemic heart disease (i.e., an-
gina and myocardial infarction), and heart failure were as-
certained according to self-reported physician diagnosis.
Cardiometabolic multimorbidity was defined as the prese-
nce of two or more of the seven cardiometabolic diseases. 

Panvascular multimorbidity

Panvascular diseases included ischemic heart disease,
cerebrovascular disease, kidney dysfunction, and perip-
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heral artery diseases (e.g., carotid and upper extremity ar-
tery diseases), with atherosclerosis being the common pat-
hological feature.[8] Ischemic heart disease and cerebro-
vascular disease were defined as described above. Ren-
al dysfunction associated with atherosclerosis was defi-
ned as serum cystatin C concentration > 1 mg/L,[17,18] beca-
use previous studies suggest that serum cystatin C is a val-
id marker for renal function and a novel marker for coro-
nary atherosclerosis as well.[19,20] In addition, carotid inti-
ma-media thickness (cIMT) on the right and left internal
carotid artery was assessed by clinical sonographer using
color Doppler ultrasonography (Vivid 7 ultrasound sys-
tem and a 7- to 10-MHz transducer) following a standar-
dized protocol. Increased cIMT, an indicator of carotid ar-
tery disease, was defined as cIMT ≥ 1.81 mm on either si-
de.[21] Another indicator of peripheral artery disease was
subclavian stenosis, which was suggestive by an interarm
systolic blood pressure difference ≥ 10 mmHg to reflect
the influence of atherosclerosis in upper limb arteries.[22,23]

Panvascular multimorbidity was defined as the presence
of two or more of the five vascular diseases. 

MCR

The MCR syndrome was defined following the criteria
proposed by Verghese, et al.,[24] which include: (1) subje-
ctive memory complaints; (2) slow gait speed; (3) prese-
rved activities of daily living (ADL) and without mobili-
ty disability; and (4) absence of dementia. The presence of
subjective cognitive complaints was ascertained by the pa-
rticipant’s positive response to the question ‘Do you feel
you have more problem with your memory than most?’ in
the 15-item Geriatric Depression Scale.[25,26] Gait speed was
measured by the average time of two standard six-meter
walking test. Slow gait speed was defined as walking spe-
ed one standard deviation or more below age- and sex-ap-
propriate mean values established in the present cohort.[25]

Preserved ADL, including bathing, dressing, toileting, tra-
nsferring, continence, and feeding, were determined usi-
ng the Katz Index of Independence in ADL.[27] Those with
dependence on any of the aforementioned ADL were exc-
luded. Participants were considered not to have dement-
ia if they had a Mini-Mental State Examination score > 17
for individuals without formal education, > 20 for those wi-
th 1–6 years of education (primary school), and > 24 for th-
ose with ≥ 7 years of education (middle school or above).[28]
 

Covariates

Demographic factors were considered as covariate, in-

cluding age (in years), sex, education (no formal schooling,
primary school, and middle school or above), marital st-
atus (married and single/widowed/divorced), ethnicity,
and occupation. Lifestyle factor, including smoking (nev-
er, former, and current), alcohol intake (never, former, and
current), moderate-to-vigorous physical activity, and sle-
eping quality, were assessed and defined as previously re-
ported.[12]
 

Statistical Analysis

Characteristics of study participant by MCR status we-
re described as counts (percentages) and mean ± SD and
compared using Student’s t-test for continuous variables
with normal distribution or Pearson’s chi-squared test for
categorical variables. Logistic regression models were pe-
rformed to estimate odds ratio (OR) with 95% CI for MCR
associated with chronic diseases while controlling for soci-
odemographic and lifestyle factors. All statistical analy-
ses were performed with SPSS 23.0 (SPSS Inc., IBM, Ar-
monk, NY, USA). Two-tailed P-value < 0.05 was consid-
ered statistically significant. 

RESULTS
 

Characteristics of the Study Participants

Of the 1450 participants, the mean age was 73.5 ± 5.6
years, 66.2% were women, 22.8% attended middle school
or above, 56.3% were farmers/self-employed, and 81.7%
were married; 11% were current smokers, 12% had alcoh-
ol drinking habits, and 16.7% reported poor sleep quality
(Table 1). Participants with MCR were older, more likely to
be female, had lower education levels, and were less lik-
ely to engage in moderate-to-vigorous physical activity.

Of all the study participants, 18.7%, 28.0%, and 48.2%
had only one, two, and three or more of the 10 included ca-
rdiometabolic and panvascular diseases, respectively. Hy-
pertension (72.4%) was the most prevalent chronic disea-
se, followed by increased serum cystatin C (54.6%), dysl-
ipidemia (37.8%), and diabetes mellitus (23.9%) (Table 2).
The average number of cardiometabolic and panvascul
ar diseases per participant was 2.0 ± 1.3 and 1.0 ± 0.8, res-
pectively (Table 3).

The overall prevalence of MCR was 6.3% (92/1450). Fi-
gure 1 presents the age- and sex-specific prevalences of
MCR. The prevalence of MCR increased with advancing
age, from 3.2% in people aged 60–69 years and 6.4% in th-
ose aged 70–79 years to 12.0% in those aged 80+ years
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Table 1    Characteristics of the study participants.

Demographic or lifestyle factors
Total sample

(n = 1450)

Motoric cognitive risk syndrome

No (n = 1358) Yes (n = 92) P-valueb

Sociodemographic characteristics

Age, yrs 73.51 ± 5.6 73.36 ± 5.6 75.89 ± 5.7 < 0.001

Sex 0.038

Male 490 (33.8%) 468 (95.5%) 22 (4.5%)

Female 960 (66.2%) 890 (92.7%) 70 (7.3%)

Education 0.012

No formal school 509 (35.1%) 465 (91.4%) 44 (8.6%)

Primary school 611 (42.1%) 575 (94.1%) 36 (5.9%)

Middle school or above 330 (22.8%) 318 (96.4%) 12 (3.6%)

Ethnicity 0.807

Han 1437 (99.1%) 1346 (93.7%) 91 (6.3%)

Others 13 (0.9%) 12 (92.3%) 1 (7.7%)

Occupation 0.125

Public sector 206 (14.2%) 197 (95.6%) 9 (4.4%)

Factory worker 428 (29.5%) 406 (94.9%) 22 (5.1%)

Farmer/Self-employed 816 (56.3%) 755 (92.5%) 61 (7.5%)

Marital status 0.004

Married 1184 (81.7%) 1119 (94.5%) 65 (5.5%)

Singe/Widowed/Divorced 264 (17.7%) 237 (89.8%) 27 (10.2%)

Lifestyle behaviors

Smokinga 0.138

Never 1076 (74.2%) 1006 (93.5%) 70 (6.5%)

Former 151 (10.4%) 141 (93.4%) 10 (6.6%)

Current 159 (11.0%) 155 (97.5%) 4 (2.5%)

Alcohol drinkinga 0.121

Never 1163 (80.2%) 1082 (93.0%) 81 (7.0%)

Former 80 (5.5%) 75 (93.8%) 5 (6.3%)

Current 174 (12.0%) 169 (97.1%) 5 (2.9%)

Moderate-to-rigorous physical activity

No 1202 (82.9%) 1117 (92.9%) 85 (7.1%) 0.012

Yes 248 (17.1%) 241 (97.2%) 7 (2.8%)

Sleeping qualitya

Normal/Good/Very good 1193 (82.3%) 1123 (94.1%) 70 (5.9%) 0.062

Bad/Very bad 242 (16.7%) 220 (90.9%) 22 (9.1%)

Data are presented as means ± SD or n (%). aRefer to the number of subjects added was not equal to the total sample size due to missing
data on smoking (n = 64), alcohol drinking (n = 33), and sleep quality (n = 15). bRefer to the test of differences between participants with
and without motoric cognitive risk syndrome.
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Table 2    Associations of individual cardiometabolic and panvascular diseases with motoric cognitive risk syndrome.

Individual chronic health conditions
Number of subjects

(n = 1450)

Motoric cognitive risk syndrome

Number of cases OR (95% CI) P-value

Hypertension

No 400 (27.6%) 16 (4.0%) 1.00 (reference)

Yes 1050 (72.4%) 76 (7.2%) 1.39 (0.78–2.45) 0.260

Diabetes mellitusa

No 1102 (76.0%) 69 (6.3%) 1.00 (reference)

Yes 347 (23.9%) 23 (6.6%) 0.87 (0.51–1.49) 0.610

Dyslipidemiaa

No 899 (62.0%) 53 (5.9%) 1.00 (reference)

Yes 548 (37.8%) 39 (7.1%) 1.26 (0.79–2.01) 0.340

Cerebrovascular disease

No 1277 (88.1%) 69 (5.4%) 1.00 (reference)

Yes 173 (11.9%) 23 (13.3%) 3.02 (1.75–5.22) < 0.001

Ischemic heart disease

No 1123 (77.4%) 58 (5.2%) 1.00 (reference)

Yes 327 (22.6%) 34 (10.4%) 2.05 (1.27–3.30) 0.003

Heart failure

No 1359 (93.7%) 78 (5.7%) 1.00 (reference)

Yes 91 (6.3%) 14 (15.4%) 2.80 (1.42–5.50) 0.003

Obesitya

No 1104 (76.1%) 66 (6.0%) 1.00 (reference)

Yes 341 (23.5%) 26 (7.6%) 1.35 (0.81–2.26) 0.249

Carotid artery diseasea

No 1250 (86.2%) 76 (6.1%) 1.00 (reference)

Yes 60 (4.1%) 4 (6.7%) 1.15 (0.39–3.39) 0.807

Subclavian stenosis

No 1398 (96.4%) 88 (6.3%) 1.00 (reference)

Yes 52 (3.6%) 4 (7.7%) 1.41 (0.47–4.19) 0.541

Increased serum cystatin Ca

No 652 (45.0%) 24 (3.7%) 1.00 (reference)

Yes 783 (54.0%) 64 (8.2%) 1.90 (1.11–3.26) 0.023

OR (95% CI) was adjusted for age, sex, educational level, ethnicity, occupation, marital status, smoking, alcohol drinking, physical acti-
vity habits, and sleep quality. aRefer to the number of subjects added was not equal to the total sample size due to missing data on diab-
etes mellitus (n = 1), dyslipidemia (n = 3), obesity (n = 5), carotid artery disease (n = 140), and serum cystatin C (n = 15).
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Table 3    Associations of multimorbidity and motoric cognitive risk syndrome.

Multimorbidity
Number of subjects

(n = 1450)

Motoric cognitive risk syndrome

Number of cases OR (95% CI) P-value

Cardiometabolic multimorbiditya

Number of cardiometabolic diseases 1.99 ± 1.34 – 1.31 (1.12–1.54) 0.001

Cardiometabolic multimorbidity

No 595 (41.0%) 21 (3.5%) 1.00 (reference)

Yes 847 (58.4%) 71 (8.4%) 2.47 (1.43–4.26) 0.001

Cardiometabolic multimorbidity category

0–1 595 (41.0%) 21 (3.5%) 1.00 (reference)

2 402 (27.7%) 27 (6.7%) 2.06 (1.10–3.86) 0.024

3 248 (17.1%) 22 (8.9%) 2.49 (1.26–4.91) 0.009

≥ 4 197 (13.6%) 22 (11.2%) 3.34 (1.69–6.62) 0.001

Panvascular multimorbidityb

Number of panvascular diseases 0.97 ± 0.8 – 2.32 (1.72–3.15) < 0.001

Panvascular multimorbidity

No 1016 (70.1%) 40 (3.9%) 1.00 (reference)

Yes 280 (19.3%) 36 (12.9%) 3.85 (2.29–6.47) < 0.001

Panvascular multimorbidity category

0–1 1016 (70.1%) 40 (3.9%) 1.00 (reference)

2 224 (17.3%) 23 (10.3%) 2.72 (1.50–4.93) 0.001

≥ 3 56 (4.3%) 13 (23.2%) 9.05 (4.21–19.42) < 0.001

Multimorbidityc

Number of chronic diseases 2.60 ± 1.48 – 1.47 (1.25–1.73) < 0.001

Multimorbidity

No 308 (21.2%) 6 (1.9%) 1.00 (reference)

Yes 983 (67.8%) 70 (7.1%) 2.67 (1.12–6.34) 0.026

Multimorbidity category

0–1 308 (21.2%) 6 (1.9%) 1.00 (reference) < 0.001

2 361 (24.9%) 10 (2.8%) 0.82 (0.27–2.50) 0.724

3 305 (21.0%) 23 (7.5%) 3.00 (1.17–7.68) 0.022

4 177 (12.2%) 19 (10.7%) 3.86 (1.44–10.35) 0.007

≥ 5 140 (9.7%) 18 (12.9%) 5.62 (2.05–14.58) 0.001

Data are presented as means ± SD or n (%). OR (95% CI) was adjusted for age, sex, educational level, ethnicity, occupation, marital stat-
us, smoking, alcohol drinking, physical activity habits, and sleep quality. aRefer to cardiometabolic diseases included diabetes mellitus,
hypertension, obesity, dyslipidemia, cerebrovascular disease, ischemic heart disease, and heart failure. bRefer to panvascular diseases incl-
uded ischemic heart disease, cerebrovascular disease, carotid artery disease, subclavian stenosis, and increased serum cystatin C. cRefer to
chronic diseases included the 10 chronic diseases above-mentioned, which are described in the methods section.
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(χ2 = 19.55, P < 0.001). The prevalence of MCR in women
aged 60–69 years and 70–79 years was higher than that in
men (χ2 = 5.59, P = 0.018 and χ2 = 8.92, P = 0.003), but the-
re was no sex difference among participants aged 80 ye-
ars and above. 

Association of Cardiometabolic and Panvascular Dise-
ases with MCR

The presence of cerebrovascular disease, ischemic hea-
rt disease, heart failure, or increased serum cystatin C was
significantly associated with a higher likelihood of MCR
(multivariable-adjusted OR range: 1.90–3.02, P < 0.05 for a-
ll) (Table 2). Other individual chronic diseases such as hy-
pertension, diabetes mellitus, and obesity showed non-
significant associations with MCR.

With regard to multimorbidity measures, the increasing
number of cardiometabolic diseases and panvascular di-
seases was consistently associated with increased likelih-
oods of MCR, with the multivariable-adjusted OR being
1.31 and 2.32, respectively (all P < 0.001). In addition, co-
mpared to participants who did not have multimorbidi-
ty, those with cardiometabolic multimorbidity (OR = 2.47,
95% CI: 1.43–4.26) or panvascular multimorbidity (OR =
3.85, 95% CI: 2.29–6.47) had a higher likelihood of MCR.
Participants having two, three, and four or more cardiom-
etabolic diseases were 2.06, 2.49, and 3.34 times more likely
to have MCR, respectively, relative to those having no mu-
ltimorbidity (< 2 chronic diseases). Similarly, having two
and three or more panvascular diseases were associated
with 2.72- and 9.05-fold increased likelihoods of MCR,
respectively (Table 3). 

Association of Overall Multimorbidity with MCR

The increasing number of examined chronic diseases
was significantly associated with a higher likelihood of
MCR (OR = 1.47, 95% CI: 1.25–1.73). Participants who had

multimorbidity were more likely to have MCR compared
to those without multimorbidity (OR = 2.67, 95% CI: 1.12–
6.32). Compared with having no multimorbidity (i.e., < 2
chronic diseases), concurrently having three, four, and five
or more chronic diseases was associated with 3.00-, 3.86-,
and 5.62-fold increased likelihoods of MCR, respectively
(Table 3). 

DISCUSSION

To the best of our knowledge, this is the first populati-
on-based study among Chinese older adults that invest-
igates the relationship of cardiometabolic multimorbidi-
ty and panvascular multimorbidity simultaneously with
MCR. In this study, we found an overall prevalences of
6.3% of MCR among older Chinese adults living in a rural
community, and the prevalence increased with advanced
age. Cerebrovascular disease, ischemic heart disease, he-
art failure, and increased serum cystatin C were associated
with a higher likelihood of MCR. Furthermore, the incre-
asing number and the presence of multimorbidity of car-
diometabolic diseases and panvascular diseases showed
consistent associations with a 1.3- to 3.8-fold increased li-
kelihood of MCR.

The prevalence of MCR in our sample is comparable to
the pooled rate of 9.7% (ranging from 2% to 16%) reported
in a meta-analysis of 22 studies among older adults aged ≥
60 years and studies of Chinese older adults (prevalence
range: 4%–12.7%).[28–30] Variation in the prevalence may
be resulted from differences in the sociodemographic ch-
aracteristics of the study populations, the study settings,
and the methods used to define the slow gait. Higher pre-
valence of MCR was found in young-old females comp-
ared to males, but such sex difference was not observed in
old-old adults. The previous meta-analysis found no sex
difference in the prevalence of MCR,[30] while another stu-
dy in Chinese older adults found that women had high-
er prevalence of MCR than men.[26] Our finding implies th-
at women may experience earlier onset of cognitive decli-
ne, but this sex difference may diminish with advanced
age. Using the age- and sex-appropriate value to define sl-
ow gait speed may also attenuate the sex difference in the
prevalence of MCR. In addition, we found higher preval-
ence of MCR among individuals who were older, single/
widowed/divorced, less educated, and physically ina-
ctive, consistent with the literature on cognitive functi-
on.[6,31] This reinforces the view that greater attention sho-
uld be paid to disadvantaged older adults with lower soci-
oeconomic status to prevent cognitive decline.

 

Figure 1    Age- and sex-specific prevalence of motoric cognitive
risk syndrome among Chinese older adults.
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We found that cardiometabolic diseases were common
among Chinese older adults. Cerebrovascular disease, isch-
emic heart disease, and heart failure were associated with
a higher likelihood of MCR, which is in line with the repor-
ts from previous studies.[25,26] Cerebrovascular damage and
disruption of vascular function and cerebral small vessel di-
sease have been well established to be associated with cog-
nitive impairment. In addition, of the individual panvascu-
lar diseases, increased serum cystatin C was associated wi-
th an increased likelihood of MCR. Our study suggests th-
at serum cystatin C may be a biomarker of the pre-deme-
ntia syndrome. High levels of serum cystatin C may direc-
tly affect the process of vascular wall remodeling by regula-
ting the balance of proteolytic and antiproteolytic activiti-
es.[32] Impaired kidney function assessed with the creatin-
ine- or cystatin C-based estimated glomerular filtration rate
has been associated with cognitive impairments.[33,34] The
non-significant associations of other panvascular compo-
nents, such as carotid artery disease and subclavian stenosi,
with MCR may be due partly to limited statistical power
because of relatively low the prevalence of these condition
(< 5%) and the MCR outcome (6.3%). The findings provide
preliminary evidence that more severe panvascular dise-
ases affecting the heart, brain, and kidney may have stron-
ger association with the pre-dementia syndrome than pe-
ripheral artery diseases.

Furthermore, our findings highlight the potential adv-
erse cognitive consequences of multimorbidity in older ad-
ults. Although some of the individual cardiometabolic and
panvascular diseases were not independently associated
with MCR, the aggregation of multiple cardiometabolic and
panvascular diseases showed strong and consistent assoc-
iations with MCR. Notably, the likelihood of having MCR
was increased with a greater number of chronic diseases,
suggesting a dose-response relationship. The strong assoc-
iations of MCR with cardiometabolic and panvascular mu-
ltimorbidity in older adults highlight the potential invol-
vement of cardiovascular and metabolic pathways in early
prodromal stages of cognitive impairment and dementia.
Future longitudinal studies are warranted to explore the
temporal causal relationship between these vascular dis-
eases and MCR as well as the potential pathological mech-
anisms involving inflammation, oxidative stress, and vas-
cular function.[3]
 

LIMITATIONS
In this population-based study, we defined a range of ca-

rdiometabolic and panvascular diseases by integrating in-

formation from face-to-face interviews, clinical examinat-
ions, and instrumental and laboratory test. However, our
study also has limitations. Firstly, the cross-sectional nat-
ure of the study design did not allow us to make any caus-
al inferences on any of the observed associations between
chronic health conditions and MCR, and the study findin-
gs of cross-sectional associations might be subject to survi-
val bias. Future prospective cohort studies are warranted
to further elucidate the determinants and critical prognost-
ic outcomes (e.g., mortality and hospitalization) of MCR,
which could provide insights for the development of targ-
eted preventive intervention strategies. Secondly, some ch-
ronic diseases were ascertained only based on self-report-
ed information, which might underestimate their prevale-
nce. Thirdly, the duration and severity of the diseases were
not taken into consideration when we analyzed the associ-
ations between chronic diseases and MCR. Fourthly, we did
not have data to assess frailty, a clinical syndrome common
in older people characterized by progressive multisystem
decline, reduced physiological reserve, and heightened
vulnerability to adverse health outcomes (e.g., cognitive
impairments), which might have confounded the observ-
ed associations between MCR and multimorbidity. Last
but not least, our study sample was derived from only one
rural area, which should be kept in mind when generaliz-
ing the findings to other populations.

The findings from our study have potential implicati-
ons for clinical practice in the detection and management
of MCR as well as for preventive interventions. Given the
increased likelihood of MCR among older adults with ca-
rdiometabolic or panvascular multimorbidity, healthcare
providers may integrate the MCR screening procedure into
routine care for older adult with multimorbidity to enhan-
ce early detection and preventive care. Furthermore, older
adults with cardiometabolic or panvascular multimorbid-
ity might be targeted for early preventive interventions (e.g.,
lifestyle modifications and regular cognitive and physical
function monitoring) to delay the progression from MCR
to dementia. 

CONCLUSIONS
This population-based study provides important data

on the prevalence of MCR and the relationships of cardio-
metabolic and panvascular multimorbidity with MCR in
community-dwelling Chinese older adults. Our findings
demonstrated that both cardiometabolic and panvascular
multimorbidities were strongly associated with MCR. Th-
ese findings have implications for prevention of the pro-
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dromal dementia syndrome and screening of at-risk indi-
viduals with cardiometabolic and panvascular multimo-
rbidity. 
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