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1 | INTRODUCTION

| Tiemei Zhang?

Abstract

Background: Decline in cognition and in locomotion is associated with aging.
However, the relationship between them and the current occurrence of them in
Chinese elderly people was weak.

Methods: To investigate the details of these two functions in Chinese elderly people
and to try to find some early recognition and intervention clues, data of MMSE test and
usual gait speed from 4487 elderly people from seven provinces in China were analysed.
Results: The prevalence of mild cognitive impairment (MCI) and dementia in persons
aged 60 and over was 17.83% and 4.08%, respectively. Among 11 items of MMSE,
calculation, three-word recall, drawing two pentagons, and temporal orientation
were the most commonly impaired items in persons with MCl or dementia. The gait
speed of old persons with dementia was significantly slower than that of persons
with MCI or NCI. Meanwhile, old persons with gait speed >1.39 m/s fast gait speed
also had high MMSE scores and no dementia was detected by MMSE.

Conclusion: The prevalence of dementia observed in this population was similar to that
reported 20 years ago. Loss of temporal orientation and drawing two pentagons may
supply more information for early recognition of cognitive impairment. Maintaining lo-

comotion in a proper way may help old persons to prevent cognitive function decline.
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trained and have early intervention for the two functional de-

clines above.

Maintenance of cognition and locomotion are the main elements
for quality of life in old people. The impairment of these two
functions can lead to the restriction of daily life,? accidental
injuries,® and death.* During the process of aging, early recogni-
tion and intervention are essential to prevent functional decline.

It is still hard to distinguish which kind of persons need to be

Mini-Mental State Examination (MMSE) is the most common and
quickest way of assessing the status of cognition.>® The total score
of all items is always used to distinguish the stage of cognitive func-
tion decline. In addition to the scores, the impairment of different
MMSE subsets had been analysed in the progression of dementia.
Cognitive impairment is associated with physical function decline.
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Gait speed is the most extensively investigated aspect and had been
proved to be closely related to cognitive function.” However, most
studies have focused on a single functional decline in aging or on
the relationship between slow walking speeds and dementia;® there
has been little integrated research to assess these two functions and
describe the details of their occurrence.

The objective of this study was to investigate the current sit-
uation regarding cognitive status and physical function in elderly
Chinese people and to provide an integrated assessment of how
these two functions decline with aging. Individual MMSE score, in-
cluding analysis of subsets impairment, and usual gait speed have
been analysed in community-dwelling old persons from seven prov-

inces in China.

2 | METHODS
2.1 | Study population

This study is constructed from a national survey of the Comprehensive
Assessment of Elderly Health (CAEH) (a programme of the Research
Special Fund for Public Welfare Industry of Health) in China. The
CAEH survey was conducted in four provinces (Shanxi, Hunan,
Sichuan, and Heilongjiang) and three municipalities directly under
the Central Government (Beijing, Shanghai, Chongging) during 2011
and 2012.

A multi-stage stratified cluster sampling survey was designed
to explore the general health situation of Chinese elderly peo-
ple aged 60 or over. The subjects who live in local communities
in these provinces and who did not have severe cardiopulmonary
disease or crucial organ failure were encouraged to participate
in the research. Interviewers were doctors and nurses from the
hospitals and were trained for two weeks before the survey. The

subjects' informed consent was obtained to use their information

TABLE 1 Characteristics of participants

Age
Factor Group (Mean + SD)
Total 70.56 £ 7.00
Gender Male 71.23 +7.08
Female 70.00 £ 6.89
Age 60- 64.24 + 2.80
70- 74.31+2.74
80- 82.61+291
Education llliterate 75.42 £ 6.93
Primary school 70.53 + 6.88
Middle school 69.00 £ 6.67
College or higher 71.09 + 6.80
Current dwelling Large and medium cities 71.09 £ 6.91
County towns 69.04 + 6.86
Rural area 69.09 +7.13
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in this study; and the study was approved by the Ethics Committee
of Beijing Hospital.

2.2 | Definition of cognitive status

We classified cognitive status into three categories: no cognitive im-
pairment (NCI), mild cognitive impairment (MCI) and dementia. The ob-
jective cognitive function was assessed by the 30-point Mini-Mental
State Examination (MMSE).? Participants were defined as having NCI
if the score of the MMSE was >27. Participants were defined as having
dementia if the score was <18 for illiterate subjects, or <21 for subjects
with primary school degrees, or <23 for subjects with middle school
degrees, or <24 for subjects with college or higher degrees. The de-
tection criteria of MCI were between NCI and dementia for subjects
with different educational levels. In this study, MCl and dementia were

sometimes grouped together as cognitive impairment (Cl).

2.3 | Examination of gait speed

Gait speed was measured by the six-metre walk test. Participants
walked from a standing start and continued walking past the six-metre
end line at their usual pace. The total time from beginning to end was
measured with a stopwatch. Gait speed was calculated by dividing the
distance in metres by the time in seconds (m/s). The speed of more
than 1.39 m/s was used to define high gait speed in the elderly.*°

2.4 | Data analysis

All data analyses were carried out using RStudio (an open-source de-
velopment environment for R, a programming language for statistical

computing and graphics) and SPSS. Chi-square tests were conducted

Gender

(Male/Female) Number Proportion (%)
2030/2457 4487 100.00
2030/0 2030 45.24
0/2457 2457 54.76
879/1219 2098 46.76
881/991 1872 41.72
270/247 517 11.52
91/305 396 8.83
335/594 929 20.70
760/957 1717 38.27
844/601 1445 32.20
1518/1796 3314 73.86
148/171 319 711
362/482 844 18.81
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TABLE 2 Prevalence of MCI, dementia and Cl by age and gender

Cl

Dementia

MCI

Prevalence (%)

Prevalence (%)

Diagnosis (n)

Prevalence (%)

Diagnosis (n)

Male Female Male Female Male Female Total Male Female Male Female Total Male Female Total

Age group

14.84
12.20

22.15

16.98
15.65

26.19

11.49
8.05
17.02

22.12

2.28
1.67
3.18
591
11.03
4.08

2.88
1.53
3.30
7.87
17.00

1.35
1.84
3.03
3.98
5.56
2.96

20

6
8
13
18
15
60

12.55

14.10

10.14

695 45 98
74
125

444
435

60-
65-
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10.53

14.12

6.21
13.99
18.14
27.04
14.14

27

524
546
445

18
85

18.97
22.97

22.89

60
82

429

70-
75-

28.87

35.74
54.25

27.87
37.25

124

452
270
2030

42.94
2191

32.60
17.10

42
123

31.91

92
513

73

287

247
2457

80-

25.88

5.00

17.83

20.88

Total

Abbreviations: Cl, cognitive impairment; MCI, mild cognitive impairment.

to examine differences in the prevalence of MCIl and dementia be-
tween males and females and differences in non-full marks rates of
MMSE items. Multiple chi-square tests were used to determine the
statistical difference in non-full marks rate of any two MMSE items
among particular cognitive status groups, a stricter P-value thresh-
old was set under Bonferroni correction.

To observe the role of age and education, the values of 60-69
group and the illiterate group were used as basic values. The number
of other groups was normalized relative to the basic value. And the
adjusted ratio was used to observe the trend of cognitive function

and locomotion activity altering with age or education:

Full marks rate = the amount of full marks persons/total partic-
ipants number;

Adjusted ratio (Figure 2A) = full marks rate of each item in each
age group/full marks rate of each item in the 60-69 group;
Adjusted ratio (Figure 2B) = full marks rate of each item in each
education group/full marks rate of each item in the illiterate
group;

Adjusted ratio for MMSE scores (Figure 4) = average MMSE
scores of each age group/average MMSE scores of 60-69 group.
Adjusted ratio for gait speed (Figure 4) = average gait speed of
each age group/average gait speed of 60-69 group.

3 | RESULTS
3.1 | Demographic features of study participants

Out of 4750 subjects targeted for the MMSE screening, 4487 sub-
jectscompleted the interview (94.46% response rate). Characteristics
of participants are shown in Table 1.

3.2 | Prevalence of MCl and dementia by age,
gender and education

Of 4487 study participants, 800 (17.83%) participants were sus-
pected of MCI based on their performance on MMSE and 183
(4.08%) met the diagnostic criteria for dementia. The prevalence of
MCI, dementia and Cl by age and gender are shown in Table 2.

Cognitive function was markedly affected by age and education.
The prevalence of MCI and dementia in the 80+ years group was
much higher than in the 60-64 years group (MCl: 31.91% vs 12.55%;
dementia: 11.03% vs 2.28%; Table 2). Among all the age groups, the
prevalence of dementia was lowest in the college or higher group and
highest in the illiterate group (0.16% and 15.28% for the 60-69 years
group; 1.2% and 15.96% for 70-79 years group; 3.11% and 27.93%
for 80+ years group; Table 3).

The prevalence of MCI or dementia was higher in women for
almost every age group (Table 2). However, after adjusting for ed-
ucation and age, no significant gender difference was observed, as

shown in Table 3.
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FIGURE 1 Non-full marks rate of elderly people in specific items among three groups with different cognitive status. N = 4487. Non-

full marks rate is the proportion of elderly people who did not get full

marks in specific item among particular cognitive status group.

Multiple sets of Pearson chi-square were used to determine the statistical difference of non-full marks rate of any two MMSE items among
a particular cognitive status group (ac:O.OS/Ci1 ~0.0009) and the non-full marks rate of items in different subgroups divided by the results

had significant differences in each cognitive status group

3.3 | Characteristics of cognitive function decline

Among 4487 study subjects, 2732 (62.16%) participants did not
get full marks in the MMSE test. The proportion of persons who

@) 14 — == Naming
_—
0.9 -
2
= 0.8 1 Drawing two pentagons
; Temporal orientation
Qg 0.7 .
=
> - 3-word recall —_—
< 0.6
~ Calculation —
0.5 9
0.4 v v . a—
60-69 70-79 80+ Yyears
(B) 61 —
Calculation
5 b
8
=
e 4 o
o
2 —
172]
= e
'g Drawing two pentagons
9 4 Temporal orientation
= 3-word recall
— ‘
1 s Naping

Illiterate  Primary Middle  College

school ~ school  or higher

did not get full marks for each item is shown in Figure 1. According
to the results of the chi-square test, 11 items were divided into
three groups. Calculation, three-word recall, drawing two penta-

gons and temporal orientation formed the first group which had

3-word recall

Calculation

Drawing two pentagons

Temporal orientation

Spatial orientaion

3-stage command

Registration

Writing

Attention

Reading

Naming
FIGURE 2 Therole of age and
education on MMSE items. A, the full
marks rate of items in each age group
was calculated relative to that in 60-69
age group. B, the full marks rate of items

in each education group was calculated
relative to that in the illiterate group
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high non-full marks rate in both MCl and dementia. The second
group contained spatial orientation, three-stage command, writ-
ing, attention, registration and reading. The loss of score in these
items was easily detected in dementia compared to that in MCI.
The third group is naming, which was hardly influenced in all

participants.

3.4 | Role of age and education for each MMSE item

Age and education were two important factors involved in the
modulation of cognitive function. The full marks rate for each item
was calculated in 60-69, 70-79 and 80+ age groups, and had a sig-
nificant decrease with age. The full marks rate of each age group
was normalized relative to the amount of 60-69 group in each item.
After adjustment, the full marks rate of calculation and three-word
recall declined rapidly with age compared to that of other items
(Figure 2A). The full marks rate of each item was much higher in the
college group than that in the illiterate group, as shown in Figure 2B.
And the calculation item was modulated by the education most
markedly among all the items; however, there was little role for edu-
cation in the three-word recall item which also decreased signifi-

cantly with age (Figure 2B).

3.5 | The relationship between cognitive status and
gait speed

Out of the 4487 study participants, 2819 took the walking speed
test over a distance of six metres. The gait speed of persons in the
dementia group (0.72 + 0.23 m/s) was significantly lower than that of
MCI (0.82 £ 0.32 m/s, P < .05) and NCI group (0.98 + 0.4 m/s, P < .05,
Table 4). Meanwhile, there was significantly different gait speed be-
tween different age groups (60-69 years group: 0.91 m/s; 70-79 years
group: 0.82 m/s; 80+ years group: 0.74 m/s) and different educa-
tional groups (illiterate: 0.75 m/s; primary school: 0.86 m/s; middle
school: 0.92 m/s; college or higher: 1.03 m/s; Table 4). Gait speed with
1.39 m/s was considered as the cut-off value for fast gait speed in the

TABLE 4 Gait speed of dementia, MCI
and NCI persons

 WILEY-

elderly.’® There were about 8% of persons who had fast gait speed
(>1.39 m/s) out of a total of 2819 participants and none of them had de-
mentia (Figure 3). In addition, the prevalence of MCl in fast gait speed
persons was only 6.6%, which was much lower than that in the total
populations (17.83%, Table 5). Age and education level were consid-
ered in the fast gait speed group. The prevalence of MCl in participants
with GS > 1.39 m/s was significantly less compared to that in the total
participants in any education group (Table 5).

To compare the trend of cognition and locomotion changing with
age, we calculated the relative values of MMSE scores and gait speed
in all age groups to the values in 60-69 group. After adjustment, it
seemed that the decline rate of gait speed was more obvious than
that of MMSE scores with age. And the decreasing speed of both of
them accelerated with aging (Figure 4).

4 | DISCUSSION

The MMSE is the most widely practised screening test for identifying
cognitive impairment in large community-based populations. It con-
sists of 11 separate items, which are allocated to different subtests and
which represent cognitive domains. In this study, we used MMSE and
gait speed to evaluate the cognitive and locomotive function of Chinese
elderly adults from seven provinces. The results of this study indicated
that: (a) the prevalence of MCl and dementia in persons 60 years and
over is 17.83% and 4.08%, respectively; (b) cognitive function decline
has a strong relationship to age and education; (c) calculation, three-
word recall, drawing two pentagons, and temporal orientation were
four highly impaired items in the MCl and dementia groups; and (d) per-
sons with fast gait speed also had high MMSE scores, and no dementia
was detected by MMSE in old persons with fast gait speed.

In this study, the gender difference in the prevalence of MCI
and dementia was eliminated after adjusting by education. This
suggested that age and low education were independent risk fac-
tors for dementia, which was consistent with previous studies.!11?
The prevalence of dementia in persons of 65 and older was 4.7%,
similar to the values (4.6%) published earlier from Shanghai in
1990 and the prevalence of AD (4.8%) in four regions of China

Gait speed (m/s)

Group NCI MCI Dementia Total

Age (y) 60-69 1.02+04 0.87+0.3 0.84+0.25* 0.91+0.39
70-79 0.94 +0.41 0.81+0.35 0.7 +0.21* 0.82+0.4
80+ 0.83+0.21 0.76+0.26 0.64+0.27* 0.74+0.27

Education llliterate 0.82+0.27 0.73+0.26 0.71+£0.2 0.75+0.26
Primary school 0.88+0.35 0.82+0.31  0.74+0.29 0.86 +0.34
Middle school 0.93+£0.37 0.85+0.33 0.71+£0.22* 0.92+0.35
College or higher  1.04+0.41 0.84+0.35 0.75+0.27* 1.03+0.41

Total 097 +0.4 0.82+0.32 0.72+0.23*  0.95+0.39

Abbreviations: NCI, no cognitive impairment; MCI, mild cognitive impairment.

*P <.05vs NCI.
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FIGURE 3 The relationship between MMSE scores and gait
speed. The six-metre gait speed was measured in 2819 participants.
All participants were divided into two groups according to gait
speed (GS > 1.39 m/s or not); and no dementia was detected in

fast gait speed persons. The education levels of GS > 1.39 m/s
participates were shown in the figure

in 1997.1213 Recently, Jia et al.'* had reported that in 2009 the
prevalence of dementia was 5.14% in 30 urban and 45 rural com-
munities. Compared with the obviously increase of prevalence in
common NCD (hypertension, diabetes) in China, the prevalence of
dementia did not change significantly during these 20 years. This
suggested that older age is the strongest risk factor for dementia,
but not lifestyle. As the Chinese population is aging rapidly, the
number of people with dementia is increasing year by year. It is
crucial for us to explore effective ways of early recognition of de-
mentia and intervention.

To identify the characteristics of early cognitive function decline,
we analysed the distribution of the impairment in MMSE subsets
among NCI, MCI and dementia. Previous follow-up investigations
had revealed that in MCI, orientation for time was the specific
MMSE domain associated with cognitive decline after controlling
for age, sex, and education.! In 2018, WHO indicated that time

orientation and three-word recall were two important factors for

GS > 1.39 m/s participants

LIU eT AL.
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FIGURE 4 The decline rate of MMSE scores and gait speed with
age. Both the MMSE scores and gait speed of each age group were
calculated relative to those of 60-69 age group

cognition assessment. Here, in our data, a loss score in temporal ori-
entation and three-word recall also got high frequency in persons
with impairment of cognitive function.

Walking speed is a summary indicator of frailty, which can be
influenced by changes of central nervous, cardiorespiratory, mus-
culoskeletal systems and so on.!” Previous studies showed a sig-
nificant association between poorer cognitive function and slower
gait speed.8 Consistent with these, the gait speed of dementia was
significantly slower compared to that of MCI and NCI participants
in our work. A walking speed <0.8 m/s was used to define mobility

impairment.®

Here, we used 1.39 m/s as a fast gait cut-off point to
divide the participants into two groups; and there was no dementia
detected in elderly persons with this gait speed. This may suggest
that the cut-off value for fast gait speed could be an indicator ap-
plied for cognitive function evaluation. As an objective measure-
ment, walking speed is amenable to assessment and intervention.
Cognition and locomotion were put together to observe their
trend of declining with age. The data told us that intervention with

physical activity should be conducted earlier in the elderly and

TABLE 5 The prevalence of MCl in

AEERIEIETE participants with gait speed > 1.39 m/s

Total Age MCI Dementia
Education n y % %
Illiterate 0 / / /
Primary school 18 69.1+59 16.67 0
Middle school 79 67.1+5.0 8.86 0
College or higher 129 68.3+5.8 3.88 0
Total 226 67.9+5.6 6.64 0

Abbreviations: GS, gait speed; MCI, mild cognitive impairment.

MCI Dementia

% %

56.06 19.19

33.15 4.74

11.42 2.85
5.12 0.97

17.83 4.08
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retaining locomotive activity may help people prevent cognitive

function decline.
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