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Abstract

Objectives: Motoric cognitive risk syndrome (MCR), a pre-dementia syndrome, is
characterized by slow gait and subjective cognitive complaints among older adults.
This study assessed the relationship between multimorbidity, its patterns, and MCR.
Methods: Data for this study were obtained from three waves (2011, 2013, and
2015) of the China Health and Retirement Longitudinal Study. Participants who
were aged 60 years and older and had complete data at baseline as well as complete
data about MCR at follow-up were selected. Patients without MCR at baseline were
selected for further analyses. Longitudinal associations between multimorbidity, its
patterns, and MCR were examined using a Cox proportional hazards model. Mul-
timorbidity patterns were classified using latent class analysis.

Results: A total of 4923 respondents were included at baseline, 43.47% of whom
had multimorbidity. Additionally, the prevalence of MCR at baseline was 12.61%.
After adjusting for covariates, multimorbidity was positively associated with MCR
(hazard ratio [HR] = 1.33, 95% confidence interval [CI] = 1.06-1.68). A higher
number of multimorbidity was also significantly associated with an increased risk of
developing MCR (HR = 1.10, 95% CI = 1.02-1.19). Three multimorbidity patterns
were selected: relatively healthy pattern, respiratory pattern, and cardiovascular
pattern. Older adults with the cardiovascular pattern were 1.57 times more likely to
develop MCR than those with the relatively healthy pattern (HR = 1.57, 95%
Cl = 1.16-2.13). There was no significant difference between the relatively healthy
pattern and the respiratory pattern (HR = 1.31, 95% Cl = 0.91-1.92).
Conclusions: MCR is highly prevalent among older Chinese adults. MCR may be
exacerbated by multimorbidity. For older adults with multimorbidity (especially
cardiovascular multimorbidity), attention should be paid to MCR to achieve early

detection, diagnosis, and treatment.
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Key points

1 | INTRODUCTION

Motoric cognitive risk syndrome (MCR), which is considered a pre-
dementia syndrome, is characterized by slow gait and subjective
cognitive complaints among older adults.! MCR has been reported
to be associated with an increased risk of adverse health outcomes
such as dementia, disability, falls, frailty, and all-cause mortality.! A
multicountry study based on 22 cohorts from 17 countries found
that the pooled prevalence of MCR was 9.7%.2 However, the
proportion of vulnerable persons identified by the MCR was 19.6%
in China.® China has the largest number of dementia patients, ac-
counting for approximately 25% of all dementia patients in the
world.*

China is facing a tsunami of aging; according to China's seventh
national population census, the share of the population aged above
60 and 65 years has increased 18.70% and 13.5%, respectively.” By
2050, 365 million people are expected to be over 65 years old, ac-
counting for 26.1% of China's total population.® Dementia is one of
the leading causes of disability among older people globally, including
China.* With the increasing elderly population in China, the number
of patients with dementia is also expected to increase. In addition,
the prevalence of dementia increases with age. China is expected to
have nearly half of the world's population with dementia by 2050.”
Given the lack of effective treatment for dementia, MCR has been
considered an effective indicator for preventive treatment or
research on dementia, and has been shown to predict incident
dementia.”®

Many studies have reported the risk factors associated with
MCR. Hypertension, diabetes, and coronary heart disease are the
most commonly reported risk factors.”?1° Factors such as stroke,
arthritis, and depression have been reported to increase the risk of
MCR.%** Most studies have focused on the effect of a specific disease
on MCR in older adults. However, multimorbidity is common in older
adults. A study based in high-income countries found that the overall
prevalence of multimorbidity was 66.1% among older adults (aged
>65 years).’? A nationally representative study in China reported an
estimated multimorbidity prevalence of approximately 50% among
older adults.®® Multimorbidity (defined as the presence of two or
more chronic diseases) is unavoidable in the older adult population.
The effect of multimorbidity on health is evident. In addition, the
health impacts of multimorbidity patterns have received increasing
attention.

To the best of our knowledge, only a few studies have reported
the impact of multimorbidity and its patterns on MCR. This article

explored the relationship between multimorbidity, its patterns, and

e Multimorbidity was associated with motoric cognitive risk syndrome.

e The association between different multimorbidity patterns and motoric cognitive risk
syndrome varies and cardiovascular multimorbidity deserves more attention.

e Multimorbidity in the elderly should be managed categorically.

MCR among older adults using data from a longitudinal study in
China.

2 | METHODS
2.1 | Study design and participants

The data for this study originated from three waves (2011, 2013, and
2015) of the China Health and Retirement Longitudinal Study
(CHARLS). CHARLS is an ongoing, nationally representative, longi-
tudinal cohort study of middle-aged and older adults in China.
CHARLS collects information on middle-aged and older adults in 150
counties and districts nationwide, including basic demographics,
household information, health status, health-care, employment, and
household economics. Over 17,000 respondents were interviewed in
the 2011 survey. These individuals were followed up every 2-3 years
through face-to-face computer-assisted personal interviews. More
details about the design, recruitment strategy, and sampling ap-
proaches of CHARLS have been previously described.*

This study included participants aged 60 years and older who
had complete data on chronic disease conditions, cognitive function,
gait speed, and covariates at baseline, as well as complete data on
cognitive function and gait speed at follow-up. Those with a history of
dementia or disabilities were also excluded. Dementia status was
assessed by the question “Have you been diagnosed with memory-
related disease (such as Alzheimer, brain atrophy, Parkinson) by a
doctor?” If the answer was “Yes” this was considered as a history of
dementia. Disability status was assessed by question “Do you have
physical disabilities?” If the answer was “Yes” this was considered as a
history of disability. A flowchart of the data selection is shown in
Figure 1. Finally, 4923 respondents were included in this study and
4302 respondents without MCR at baseline were selected for further
analysis. All participants provided written informed consent. Ethical
approval for data collection from human subjects was obtained from
local Institutional Review Board.

2.2 | Measures and definitions
22.1 | MCR
As previously described, MCR was defined as the presence of

cognitive complaints and slow gait speed without dementia or

impaired mobility. In this study, cognitive complaints were assessed
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[ China Health and Retirement Longitudinal Study (CHARLS) (2011, 2013, and 2015) ]

l

[ 2011 CHARLS survey (n:17,708)]

12,500 respondents excluded

-Below 60 years of age in 2011

-Without complete data on chronic disease conditions,
cognitive function, gait speed, and covariates in 2011
-With a history of dementia or disability

[ 5,208 respondents remaining ]

1,172 respondents excluded
-Lost to follow-up in 2013 and 2015

[ 4,036 respondents remaining ]

887 respondents included

-New respondents aged 60 or over in 2013 survey
-With complete data on chronic disease conditions,
cognitive function, gait speed, and covariates in 2013
-Without a history of dementia or disability

-Follow-up available in 2015

[ 4,923 baseline

respondents ]

MCR

(n=621, 12.61%)

FIGURE 1 The flowchart for inclusion of respondents.

through respondents' self-reports: “How would you rate your mem-
ory at present?” If the answer was “Fair” or “Poor” this was consid-
ered as having cognitive complaints. Gait speed was objectively
measured as the average time taken to walk along a straight 2.5 m
course twice in an open space approximately 4 m long without a
carpet. Slow gait speed was defined as 1.0 standard deviation below
the mean values of gait speed, adjusted for sex and age. The specific
values of slow gait for different groups are listed in Table S1.

2.2.2 | Multimorbidity and its patterns

Multimorbidity was defined as the presence of two or more chronic
disease conditions.'® Chronic disease conditions were investigated by
responding to the following question: “Have you been diagnosed with
(conditions listed below, read one by one) by a doctor? 1. Hyper-
tension; 2. Dyslipidemia (elevation of low-density lipoprotein, tri-
glycerides (TGs), and total cholesterol, or a low-high density
lipoprotein level); 3. Diabetes or high blood sugar levels; 4. Cancer or
malignant tumors (excluding minor skin cancers); 5. Chronic lung
diseases such as chronic bronchitis and emphysema (excluding tu-
mors or cancer); 6. Liver disease (except fatty liver, tumors, and
cancer); 7. Heart attack, coronary heart disease, angina, congestive
heart failure, or other heart problems; 8. Stroke; 9. Kidney disease

(except for tumors or cancer); 10. Stomach or other digestive

Non-MCR

(n=4,302, 87.39%)

diseases (except for tumors or cancer); 11. Emotional, nervous, or
psychiatric problems; 12. Arthritis or rheumatism; 13. Asthma.” The
number of chronic disease conditions was counted to identify re-
spondents with multimorbidity. The chronic disease conditions of the
respondents at baseline were used to classify different multi-

morbidity patterns using latent class analysis (LCA).1®

2.2.3 | Covariates

The following covariates were included in the analyses: age, sex,
drinking (never, occasionally, and often), smoking (yes or no), hukou
in  China)
agriculture, unified residence, and not have), education (no formal

(household registration system (agriculture, non-
education, middle school and below, and high school and above),

marital status (single, and non-single), and savings (have and no).

2.3 | Statistical analysis

Descriptive analyses were used to describe the MCR, multimorbidity,
and general characteristics of the older adults. Longitudinal associ-
ations between multimorbidity, its patterns, and MCR were examined
using a Cox proportional hazards model. LCA is a useful tool for

identifying groups or subtypes of multivariate categorical data. One
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TABLE 1 General characteristics of Chinese older participants

at baseline.

Participants (N/%)

Gender (N/%)
Male
Female

Age (N & SD)

Drinking (N/%)
Never
Occasionally
Often

Smoking (N/%)
Yes
No

Hukou (N/%)
Agriculture
Non-agriculture
Unified residence
Not have

Education (N/%)

No formal
education

Middle school
and below

High school
and above

Marital status (N/%)
Single
Non-single
Savings (N/%)
Have

No

Total
4923 (100.00)

2476 (50.29)
2447 (49.71)
66.54 + 5.98

3326 (67.56)
327 (6.64)
1270 (25.80)

2117 (43.00)
2806 (57.00)

3961 (80.46)
921 (18.71)
40 (0.81)

1 (0.02)

1716 (34.86)

2939 (59.70)

268 (5.44)

852 (17.31)
4071 (82.69)

925 (18.79)
3998 (81.21)

Cognitive complaints (N/%)

Yes

No

Slow gait speed (N/%)

Yes

No

4125 (83.79)
798 (16.21)

722 (14.67)
4201 (85.33)

Number of diseases (N/%)

0
1
2

1288 (26.16)
1495 (30.37)
1068 (21.69)
586 (11.90)

XIONG ET AL
TABLE 1 (Continued)
Total With MCR Without MCR
With MCR  Without MCR 4 283 (5.75) 55 (8.86) 228 (5.30)
621 (12.61) 4302 (87.39) >5 203 (412)  31(4.99) 172 (4.00)
Multimorbidity (N/%)
ARG R ) No 2783 (5653) 328 (5282) 2455 (57.07)
e R Yes 2140 (43.47) 293 (47.18) 1847 (42.93)
67.39 £ 596 66.42 £ 598
to eight classification models were examined to select the best-fit
455 (73.27) 2871 (66.74) solution on the based on the evaluation of various model-fit statis-
42 (6.76) 285 (6.62) tics. Stata version 19.0 and Mplus version 7.0 were used for data
analysis. The level of statistical significance was set at p < 0.05.
124 (19.97) 1146 (26.64)
253 (40.74) 1864 (43.33) 3 | RESULTS
368 (59.26) 2438 (56.67)
The characteristics of Chinese older participants at baseline included
from the CHARLS are shown in Table 1. A total of 4923 respondents
509 (81.96) 3452 (80.24) were included in this study at baseline, of whom 50.29% were male,
111 (17.87) 810 (18.83) 25.80% often drank, 43.00% smoked, 81.21% had no savings,
1(0.16) 39 (0.91) 83.79% had cognitive complaints, 14.67% had slow gait speed, and
o . . o
0 (0.00) 1(0.02) 43.47% had multimorbidity. A total of 621 respondents (12.61%) at
baseline had MCR, of whom 47.02% were male, 19.97% often drank,
40.74% smoked, 87.60% had no savings, and 47.18% had multi-
248 (39.94) 1468 (34.12) morbidity. At the same time, 4302 respondents (87.39%) at baseline
were without MCR, of whom 50.77% were male, 26.64% often
352 (56.68) 2587 (60.13) drank, 43.33% smoked, 80.29% had no savings, and 42.93% had
multimorbidity.
21 (3.38) 247 (5.74)
3.1 | Association between multimorbidity and MCR
134 (21.58) 718 (16.69) in older adults
487 (78.42) 3584 (83.31)
Associations between multimorbidity and MCR are shown in Table 2.
Adjusted for age, sex, drinking, smoking, hukou, education, marital
77 (12.40) 848 (19.71) status, and savings, multimorbidity was positively associated with
544 (87.60) 3454 (80.29) MCR (HR = 1.33, 95% Cl = 1.06-1.68, p = 0.015) in older adults. In

621 (100.00)
0 (0.00)

621 (100.00)
0 (0.00)

143 (23.03)
185 (29.79)
129 (20.77)
78 (12.56)

3504 (81.45)
798 (18.55)

101 (2.35)
4201 (97.65)

1145 (26.62)
1310 (30.45)
939 (21.83)
508 (11.81)

addition to this, a higher number of multimorbidity was also signifi-
cantly associated with an increased risk of developing MCR
(HR = 1.10, 95% Cl = 1.02-1.19, p = 0.012) after adjustment, as
shown in Table S2.

3.2 | Association between multimorbidity patterns
and MCR in older adults

Three multimorbidity classification patterns were selected according
to the fitting statistical parameters of the various models, as shown in
Table S3. The three multimorbidity patterns were defined as rela-
tively healthy pattern, respiratory pattern, and cardiovascular
pattern. The proportions of the sample were 76.62%, 8.83%, and
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TABLE 2 Association between multimorbidity and MCR in
Chinese older adults.

Characteristics Hazard ratio (95% Cl) p value
Multimorbidity

No 1.00

Yes 1.33 (1.06-1.68) 0.015
Age 1.06 (1.04-1.08) <0.001
Gender

Male 1.00

Female 0.83 (0.60-1.16) 0.268
Drinking

Never 1.00

Occasionally 1.30 (0.83-2.03) 0.257

Often 0.73 (0.53-1.00) 0.052
Smoking

Yes 1.00

No 1.07 (0.79-1.46) 0.649
Hukou

Agriculture 1.00

Non-agriculture 0.91 (0.65-1.28) 0.596

Unified residence 0.50 (0.07-3.58) 0.491

Not have = =
Education (N/%)

No formal education 1.00

Middle school and below 0.78 (0.60-1.03) 0.076

High school and above 0.56 (0.28-1.13) 0.106
Marital status

Single 1.00

Non-single 1.34 (0.97-1.85) 0.074
Savings

Have 1.00

No 1.66 (1.15-2.40) 0.007

14.55% for the relatively healthy, respiratory, and cardiovascular
pattern, respectively. The prevalence of each disease in each pattern
is shown in Figure 2. In the relatively healthy pattern, the prevalence
of each disease was relatively low; in the respiratory pattern, the
prevalence of lung disease was the highest at 60.7%; and in the
cardiovascular pattern, the diseases with relatively high prevalence
were hypertension, dyslipidemia, and heart attack, at 74.2%, 39.9%,
and 41.0%, respectively. The associations between multimorbidity
patterns and MCR are presented in Table 3. Adjusted for age, sex,
drinking, smoking, hukou, education, marital status, and deposit,
older adults with the cardiovascular pattern were 1.57 times more
likely to develop MCR compared to those with the relatively healthy
pattern (HR = 1.57, 95% Cl = 1.16-2.13, p = 0.004). There was no

significant difference between the relatively healthy and respiratory
pattern (HR = 1.31, 95% Cl = 091-1.92, p = 0.149).

4 | DISCUSSION

In this study, more than 12% of older adults had MCR. An earlier
study reported that the pooled prevalence of MCR in multiple
countries was no greater than 10%.2 Another 2019 study reported an
MCR prevalence of approximately 8.0% in Europe, 7.0% in the United
States, and 6.3% in Japan.!” Several recent studies have reported
that the prevalence of MCR is more than 12% in China.*®1? China has
become one of the countries with a high prevalence of MCR. In
theory, the MCR is designed to capture early signals of cognitive
complaints or functional decline that occur years before the end of
life.2 Within 2 years of MCR diagnosis, the mortality risk was
prominent and comparable to the risk of moderate-to-severe cogni-
tive loss and pre-dementia.?°22 MCR has also been shown in
numerous studies to be a good predictor of dementia and is superior
to slow gait speed alone or cognitive complaints alone.??*

The financial strain and burden of dementia on society and
families cannot be overstated. However, there are currently no effi-
cient medicines or methods for the treatment of dementia. There-
fore, early identification of and intervention for dementia have
become top priorities. Interestingly, MCR has received increasing
attention as a well-known pre-dementia syndrome. Many factors
affect MCR, and multimorbidity is receiving increasing attention as a
common problem among older adults. In this study, older adults
with multimorbidity had a 33% increased risk of developing MCR
compared with those without multimorbidity. Few studies have
directly reported the relationship between multimorbidity and MCR.
A multi-ethnic study in western China also found that multimorbidity
was a positively associated risk factor for MCR in middle-aged and
older adults.?* Another Mexican Health and Aging Study 2012-2015
expounded that MCR in older adults was associated with multi-
morbidity.'° However, a study on community-dwelling older adults
did not find a significant association between multimorbidity and
MCR. A significantly higher prevalence of multimorbidity was found
in older adults with slow gait alone, and the number of chronic dis-
eases was significantly associated with slow gait.?> Additionally,
multimorbidity can accelerate cognitive decline in individuals with
underlying dementia.?® Interestingly, multimorbidity is particularly
relevant to older adults, and the number of morbidities and preva-
lence of multimorbidity increase substantially with age.?’” In this
study, the prevalence of multimorbidity in older adults was more
than 40%. Multimorbidity has been shown to increase the risk of
functional decline, decrease quality of life, increase healthcare use,
and increase mortality.?® A higher number of multimorbidity was also
significantly associated with an increased risk of developing MCR,
suggesting that chronic diseases may have a cumulative effect on the
development of MCR.

The impact of the number of diseases an older adult has is well

known. It has been shown that as the number of non-communicable
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FIGURE 2 Prevalence of each disease in three multimorbidity patterns.

diseases increased, the health-related quality of life of older adults
deteriorated.?’ Disease patterns in older adults are worthy of
attention.*° Different multimorbidity patterns have been found to
have different effects on self-rated health, catastrophic health ex-
penditures, risk of frailty, and 5-year mortality in older adults.32"34 In
this study, multimorbidity was divided into three patterns: relatively
healthy pattern, respiratory pattern, and cardiovascular pattern.
Older adults with the cardiovascular pattern were found to have a
57% higher risk of MCR than those with the relatively healthy
pattern. Previous studies have also demonstrated that cardiovascular
diseases such as diabetes mellitus, hypertension, and stroke can
significantly increase the risk of developing MCR in older
adults.?3>3¢ |nterestingly, a 12-year follow-up cohort study of older
adults found that comorbid diabetes and heart disease doubled the
risk of developing cognitive impairment-no dementia and dementia.*”
Another longitudinal study on cognitive aging conducted at the
University of North Texas Health Science Center demonstrated that
comorbid cardiovascular risk factors increased the degree of cogni-
tive deficits in many areas.®® In addition, a 9-year Swiss cohort study
reported that the rate of decline in older adults with cardiovascular
multimorbidity was significantly higher at walking speed.®? Gait and
cognitive performance are closely associated with cardiovascular
multimorbidity. The association between cardiovascular multi-
morbidity and MCR cannot be ignored and warrants further research.

However, its pathogenesis remains unclear. Because MCR com-
bines cognitive and gait conditions, it has been proposed that the
brain regions that control both of these conditions are associated
with MCR. The pathological basis of MCR has been reported to be

associated with white matter hyperintensity, frontal lacunar infarcts,
and gray matter atrophy in the pre-motor and pre-frontal cortex.2%3¢
Chronic conditions of multiple diseases (especially cardiovascular
diseases) have been confirmed to be related to all these pathologies,
and the accumulation of chronic disease conditions may exacerbate
them.?%4° Additionally, inflammatory responses have been reported
to be the pathological basis of MCR.2%4142 Derangements in pro-
inflammatory cytokines in older adults have been linked to
multimorbidity. #4344

MCR recovery is also gained increasing attention. Physical ac-
tivity and executive function are considered the two main directions
for recovery from MCR. Exercise and an energetic lifestyle
can improve the health of older adults by reducing hypertension,
peripheral artery disease, and abnormal cerebral blood flow.2%4>
Additionally, physical activity normalizes blood glucose levels,
thereby improving memory function. Executive functions involve a
range of cognitive operations, including acquisition, storage, inter-
pretation, and understanding, together with information from the
primary somatosensory areas in the ventral dorsal brain region,
which has a key influence on gait and mobility.*® Moreover, some
cognitive enhancers have been shown to improve memory loss and
dementia as well as gait, motor dysfunction, and falls.*”*®

This study has several limitations. First, the main variables of this
study, such as cognitive complaint and multimorbidity, were assessed
by relying on participants' self-reports, which may have led to recall
bias. Second, although some covariates were considered in the
analysis of the association between multimorbidity, its patterns, and

MCR, other confounding factors may have been missed. Finally, a
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TABLE 3 Association between multimorbidity patterns and
MCR in Chinese older adults.

Characteristics Hazard ratio (95% Cl) p value
Multimorbidity pattern

Relatively healthy pattern 1.00

Respiratory pattern 1.31 (0.91-1.92) 0.149

Cardiovascular pattern 1.57 (1.16-2.13) 0.004
Age 1.06 (1.04-1.08) <0.001
Gender

Male 1.00

Female 0.83 (0.60-1.16) 0.269
Drinking

Never 1.00

QOccasionally 1.30 (0.83-2.04) 0.247

Often 0.73 (0.53-0.99) 0.046
Smoking

Yes 1.00

No 1.06 (0.78-1.44) 0.702
Hukou

Agriculture 1.00

Non-agriculture 0.88 (0.62-1.24) 0.451

Unified residence 0.49 (0.07-3.48) 0473

Not have = =
Education (N/%)

No formal education 1.00

Middle school and below 0.78 (0.60-1.02) 0.071

High school and above 0.54 (0.27-1.10) 0.091
Marital status

Single 1.00

Non-single 1.34 (0.97-1.85) 0.074
Savings

Have 1.00

No 1.66 (1.15-2.40) 0.007

selection bias may have existed in the analysis of the association
between multimorbidity patterns and MCR, given that individuals

who did not complete the survey in all three waves were excluded.

5 | CONCLUSION

With China facing an aging tsunami, the burden of dementia and
related diseases is escalating. MCR, a pre-dementia syndrome, is
highly prevalent in older Chinese adults. MCR may be exacerbated by

multimorbidity. For older adults with multimorbidity (especially

cardiovascular multimorbidity), attention should be paid to achieve
early detection, diagnosis, and treatment of MCR. Further longitu-
dinal studies are needed to explore the risk factors for MCR and
develop effective interventions.
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