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Abstract

Slow gait speed and restricted life-space mobility predict cognitive decline and dementia in

healthy older adults, yet the relation between gait speed or life-space mobility and cognitive

function remains poorly understood in patients with coronary artery disease (CAD). We

therefore examined the following relations: that between gait speed and cognitive function,

and mild cognitive impairment (MCI) and that between life-space mobility and cognitive

function, and MCI. We conducted a cross-sectional study of 240 non-dementia patients who

met the study criteria from 2132 consecutive CAD patients. MCI was estimated with the

Japanese version of the Montreal Cognitive Assessment (MoCA-J). Gait speed was

measured to perform gait trials at the patients’ usual walking pace, and life-space mobility

was evaluated using the Life-Space Assessment (LSA). We investigated the relation

between gait speed or life-space mobility and cognitive function by Pearson correlation

analysis, whereas multivariable logistic regression analysis was conducted for detecting

MCI. Gait speed and LSA scores were positively associated with the MoCA-J score (r =

0.54, p <0.001 and r = 0.44, p < 0.001, respectively), and both were independently

associated with MCI in the multivariable logistic regression analysis (odds ratio, 0.007; p <

0.001, and odds ratio, 0.98; p = 0.038, respectively). Cognitive impairment can be easily

detected by assessment of gait speed and life-space mobility. Interventions to improve gait



speed and life-space mobility may lead to improvement of cognitive function and MCI in

patients with CAD.

Keywords: Cognitive function; Coronary artery disease; Gait speed; Life-space mobility;

Mild cognitive impairment.



Introduction

Because Japan has the highest life expectancy in the world and a sustainable low birth rate,

the aging of Japan’s population is advancing [1]. The resulting increased numbers of older

Japanese patients with cardiovascular disease and patients with dementia are becoming a

public health problem [2,3]. The Japanese government has required measures to deal with

these difficult problems.

Mild cognitive impairment (MCI) is known to be a transitional state between the

normal cognitive declines that occur with aging and dementia [4]. In addition, the presence

of motoric cognitive risk syndrome (MCR) has been proposed as a pre-dementia syndrome

[5]. MCR is characterized by cognitive complaints and slow gait [5]. Both cognitive

complaints and slow gait speed predict cognitive decline, but the combination of both is a

stronger predictor of the development of future dementia in community-dwelling older

adults [6,7]. Moreover, a meta-analysis showed that MCR was significantly associated with

cardiovascular diseases, hypertension, diabetes, stroke, and obesity [8]. These findings

suggested that a vascular mechanism might underlie the pathophysiologic basis of MCR.

Nevertheless, the relationship between MCI and gait speed is unclear in patients with

cardiovascular disease. Of note, it was reported that older adults with MCI showed

decreased life-space mobility compared with those without MCI [9]. Furthermore,



cognitive executive functions and physical factors have been reported to predict life-space

mobility in community-dwelling older adults [10], but it remains unclear whether their

association is as strong among older people with cardiovascular disease.

From these points of view, it is important to clarify the relationship between gait speed

or life-space mobility and cognitive function or MCI in patients with coronary artery

disease (CAD). Thus, we hypothesized that there would be greater declines in gait speed

and life-space mobility in CAD patients with MCI than in those without MCI and that gait

speed and life-space mobility would be strongly associated with cognitive function and

MCI in patients with CAD.

Therefore, the purposes of the present study were to determine the following: (1) the

differences in gait speed and life-space mobility in patients with or without MCI; (2) the

relationship between gait speed and cognitive function, and MCI; (3) the relationship

between life-space mobility and cognitive function, and MCI; and (4) the cutoff values of

gait speed and life-space mobility that could potentially predict MCI in patients with CAD.

Methods

Study population

We examined the data of 2132 consecutive patients with CAD who were treated at the



Sakakibara Heart Institute of Okayama from May 2018 to December 2019, including those
with acute myocardial infarction, stable and unstable angina, and acute coronary syndrome.
We included patients who received rehabilitation and were hospitalized for more than two
days, except those hospitalized for only one night and two days, to undergo percutaneous
coronary intervention (PCI) [11]. We excluded patients who did not give informed consent,
underwent coronary artery bypass surgery, had mental disease, experienced a cerebral
vascular accident, could not walk without total assistance, had probable dementia as shown
by a Mini-Mental State Examination (MMSE) score <24 [12,13], died in hospital, and had

missing data [11].

Clinical characteristics of the patients

Patient characteristics were retrospectively evaluated from the medical records. Baseline
characteristics evaluated included age, sex, body mass index (BMI), educational
background (categorized as >13 years of schooling), living alone, diagnosis, number of
significant coronary artery stenoses (>75%; especially left main trunk stenosis >50%),
treatments, left ventricular ejection fraction (LVEF) as calculated with the modified
Simpson method for cardiac echocardiography, maximum serum levels of creatine kinase-

myocardial band, hemoglobin, albumin, and HbA 1¢c, estimated glomerular filtration rate



(eGFR), comorbidities, and medications. The laboratory and echocardiographic data

obtained just prior to patient discharge were evaluated from the patients’ medical records

[11].

Measurement of cognitive function

We used the Japanese version of the Montreal Cognitive Assessment (MoCA-J) [14] and

the MMSE [12,13] to evaluate cognitive function in the patients [11]. The MoCA-J is used

to evaluate multiple cognitive domains, such as visuospatial/executive, naming, memory,

attention, language, abstraction, delayed recall, and orientation [14]. The scoring ranges

from 0 to 30 points with higher scores indicating better cognitive function. The MoCA-J is

also used to identify persons with MCI, for which it was reported to have a sensitivity of

93% and specificity of 87% [14]. A cutoff score of 26 for the MoCA-J was previously used

to define MCI [14], and thus we defined patients with MCI as having a MoCA-J score <26

and those without MCI as having a MoCA-J score >26 [11].

Although the MMSE is used as a screening tool for dementia globally [13], it is not

sensitive enough to screen for early cognitive decline associated with MCI [15]. Thus, we

used the MMSE only as a means to choose the patients with probable dementia for

exclusion [11]. A MMSE cutoff score of <24 was used to define probable dementia [13]. A



physical therapist assessed cognitive function at the time of discharge.

Measurement of gait speed and life-space mobility

We measured gait speed by performing two 4-m gait trials at the patients’ usual walking

pace on a flat floor [16]. Gait speed is calculated as the time taken in seconds to complete

the 4-m distance (m/s). The highest speed from the two trials was used in this study. A

physical therapist evaluated gait speed at the time of discharge.

We used the Life-Space Assessment (LSA) [17] to evaluate life-space mobility. The

LSA is a self-reported questionnaire in which patients report the distance and frequency of

movement within a life-space level during the past four weeks. The LSA score consists of

three items (five life-space levels, the frequency of movement, and levels of independence),

and ranges from 0 to 120 points with higher scores indicating greater mobility. The LSA is

a reliable assessment shown to be sensitive in older adults with and without cognitive

impairment [17,18].

Statistical analysis

Patient characteristics and evaluated outcomes are shown as percentages for the categorical

variables and as the mean + standard deviation for the continuous variables. The unpaired z-



test, Mann-Whitney U test, and y* test were used as appropriate to evaluate differences in
patients’ characteristics and in measured outcomes between the MCI and non-MCI groups.
Pearson correlation analysis was used to test the relations between gait speed and MoCA-J
scores and between LSA scores and MoCA-J scores. Univariable and multivariable logistic
regression analyses were used to clarify the relation between MCI and gait speed or life-
space mobility, with the dependent variable being MCI and the independent variables being
patient characteristics, gait speed, and LSA score. Receiver operating characteristic (ROC)
curve analysis was used to construct areas under the curve (AUC) to calculate the optimal
cutoff values of gait speed and LSA scores for prediction of MCI. AUC values of >0.9
indicate high accuracy, 0.7-0.9 indicate moderate accuracy, and <0.7 indicate low accuracy
[19]. The overall level of statistical significance was set at 0.05. Statistical analyses were

performed with R ver. 2.8.1 (The R Foundation for Statistical Computing, Vienna, Austria).

Ethical considerations

The Sakakibara Heart Institute of Okayama Ethics Committee approved this study
(approval no. A2018-0401), and we obtained informed consent from each patient. We
complied with the principles of the 1975 Declaration of Helsinki regarding investigations in

human subjects.
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Results

Clinical characteristics

A flowchart of the patients included in this study is shown in Figure 1. Of the 2132

consecutive patients with CAD, 744 met the inclusion criteria, but 504 patients were

subsequently excluded. Ultimately, 240 patients were included in our final analysis and

were divided into the non-MCI group (n = 160) and the MCI group (n = 80). Compared to

the patients in the non-MCI group, those in the MCI group were significantly older, less

frequently male, had lower BMI, lower rates of PCI, lower serum levels of hemoglobin and

albumin, lower eGFR, lower rates of B-blocker use, higher rates of benzodiazepines use,

lower educational background, and lower MoCA-J score (Table 1).

Differences in gait speed and life-space mobility between groups

Gait speed was significantly slower and LSA scores were significantly lower in the MCI

group than those in the non-MCI group (Table 1).

Relation between gait speed or life-space mobility and cognitive function

Pearson correlation analysis showed that both gait speed and LSA scores were positively

11



associated with the MoCA-J score (r = 0.54, p <0.001 and r = 0.44, p < 0.001,

respectively).

Relation between gait speed or life-space mobility and MCI

After the significant independent variables and covariates were identified in the univariable

analysis, the multivariable logistic regression analysis showed age (odds ratio [OR], 1.08;

95% confidence interval [CI]: 1.04—1.12; p <0.001), gait speed (OR, 0.007; 95% CI:

0.0009-0.006; p < 0.001), and LSA score (OR, 0.98; 95% CI: 0.96—0.999; p = 0.038) to be

significantly associated with MCI after adjustment for covariates (Table 2).

Cutoff points of gait speed and life-space mobility for prediction of MCI

The ROC curve analysis showed that the AUCs for gait speed and LSA score as predictors

of MCI were 0.83 (95% CI: 0.78-0.89) and 0.76 (95% CI: 0.72—-0.80), respectively. The

optimal cutoff values of gait speed and LSA score were 0.97 m/s and 92 points,

respectively. The respective sensitivity and specificity for the prediction of MCI by gait

speed were 77% and 78%, and those by LSA score were 73% and 70% (Figure 2).

Discussion

12



To the best of our knowledge, this is the first study to show a relationship between gait

speed or life-space mobility and cognitive function or MCI in CAD patients. Gait speed

was significantly slower and life-space mobility was significantly lower in the CAD

patients with MCI than those in the patients without MCI in this study. Moreover, gait

speed and life-space mobility in the CAD patients were found to be significantly associated

with cognitive function and independently associated with MCI after adjustment for

covariates. The results of multivariable logistic regression analysis showed that the non-

MCI group was the reference group, and the odds were for having MCI. The odds for gait

speed (OR, 0.007; 95% CI: 0.0009-0.006; p < 0.001) and for life-space mobility (OR, 0.98;

95% CI: 0.96-0.999; p = 0.038) indicated that both were negatively associated with the

incidence of MCI in CAD patients. Thus, the OR of gait speed indicated that slow gait

speed would increase the odds of having MCI by 142.86 times, and the OR of life-space

mobility indicated that restricted life-space mobility would increase the odds of having

MCI by 1.02 times.

It was reported that gait speed and decline in gait speed were strongly associated with

the decline of cognitive function and the incidence of dementia in older adults [20,21].

Similarly, we found that gait speed was moderately associated with the decline of cognitive

function and the incidence of MCI in the CAD patients. These results showed gait speed to

13



be one important factor in identifying early cognitive decline in patients with CAD. Slow

gait speed is one of the components of MCR [5], and MCR (characterized by subjective

memory complaints and slow gait speed) can occur during the long preclinical phase and

increase the risk of progression to MCI and dementia [22]. The cutoff value we determined

for gait speed might partly indicate that a CAD patient may be in the transitional stage from

MCR to MCI. Furthermore, we showed the cutoff value for gait speed determined by ROC

curve analysis that can predict MCI to be 0.97 m/s (sensitivity, 77%; specificity, 78%; AUC

= 0.83). Because this cutoff value for gait speed indicates moderate accuracy [19], it could

potentially be useful in ascertaining the transitional stage from MCR to MCI in patients

with CAD.

Life-space mobility is reported to be associated with increased risk of cognitive

decline, MCI, and dementia in older people [23]. Similarly, we found that life-space

mobility was moderately associated with the decline of cognitive function and the incidence

of MCI in the CAD patients, indicating that life-space mobility may be one important factor

in identifying early cognitive decline in patients with CAD. Moreover, a reduction in life-

space mobility in older adults with MCI might be caused by altered functional architecture

of the brain [24]. A previous study reported that the default-mode network and sensory-

motor network were associated with life-space mobility and cognitive decline [24]. Life-

14



space mobility indicates the spatial expanse of personal life and social function [17]. Thus,

the assessment of life-space mobility is important in recognizing the spatial expanse of

personal life and in screening cognitive function and cognitive impairment in CAD

patients. Furthermore, because our cutoff value for the LSA score that can predict MCI is

92 points (sensitivity, 73%; specificity, 70%; AUC = 0.76 [indicating moderate accuracy

[19])), , this value could be potentially useful in screening cognitive function and MCI in

patients with CAD.

Our study showed a relationship between gait speed or life-space mobility and

cognitive impairment and indicated that the effects of these factors on cognitive impairment

might reflect their involvement in the frailty cycle comprised of physical frailty, social

frailty, and cognitive frailty. Recently, frail older patients have been shown to have multi-

domain risk factors related to physical, social, and cognitive health and that multi-domain

interventions have the potential to improve these factors [25]. Our study indicated that

poorer mobility might lead to poorer cognition, and vice versa. Thus, interventions to

improve gait speed and life-space mobility may lead to the improvement of cognitive

impairment and issues related to frailty in CAD patients. Similarly, interventions to

improve cognitive function may likewise lead to improved mobility in these patients.

Our findings in CAD patients with MCI largely agreed with the characteristics of MCI

15



patients reported in previous studies [26—30] and thus may partially reflect the

characteristics of CAD patients with MCI. The independent association of gait speed and

LSA with MCI even after adjustment for age indicates the great clinical importance of

assessing these two factors.

There are several limitations in this study. This is a single-center, cross-sectional study

with small sample size. Therefore, generalizability of the results may be limited. Evaluation

of cognitive function was limited to a single screening tool, and imaging data were not

analyzed. Moreover, the influence of changes in factors such as gait speed and life-space

mobility and cognitive function over time is unknown. Therefore, further longitudinal

studies are needed to clarify the relation between gait speed or life-space mobility and

cognitive function and MCI in patients with CAD.

Conclusions

Gait speed and life-space mobility were significantly associated with cognitive function and

independently associated with MCI in the patients with CAD. Assessment of gait speed and

life-space mobility may be useful in identifying the presence of cognitive impairment, and

interventions for gait speed and life-space mobility may lead to the improvement of

cognitive function and MCI in patients with CAD.
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Figure legend

Fig. 1. Flow chart of patient selection. CAD, coronary artery disease; PCI, percutaneous

coronary intervention.

Fig. 2. Receiver operating characteristic curves for gait speed and Life-Space Assessment

(LSA) scores to predict the incidence of mild cognitive impairment (MCI) in patients with

coronary artery disease. a) The area under the curve (AUC) for gait speed is 0.83 with the

cutoff value set at 0.97 m/s for prediction of the incidence of MCI (sensitivity, 77%;

specificity, 78%). b) The AUC for the LSA score is 0.76 with the cutoff value set at 92

points for prediction of the incidence of MCI (sensitivity, 73%; specificity, 70%).
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| Consecutive CAD patients admitted to Sakakibara Heart
Institute of Okayama from May 2018 to December 2019 (n=2132)

Inclusion criteria
- Underwent rehabilitation

- Admitted for more than 2 days, except those admitted
for only one night and 2 days, for PCI

CAD patients meeting inclusion criteria (n=744)

Exclusion criteria

- Did not give informed consent (n=82)

- Underwent coronary artery bypass surgery (n=287)
- Mental disease (n=8)

- Cerebral vascular accident (n=16)

- Required total assistance to walk (n=36)

- Probable dementia (n=58)

- Hospital death (n=14)

- Missing data: gait speed (n=3)

CAD patients after exclusion criteria applied (n=240)
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Table 1

Clinical characteristics, gait speed, and life-space mobility of patients with and without MCI.

Non-MCI group ~ MCI group t,y%, or pvalue
(n=160) (n=80) Z value
Age (years) 63.5+11.7 76.3+£9.2 0.51 <0.001
Male sex, n (%) 134 (84) 58 (73) 4227 0.04
BMI (kg/m?) 244+38 22.5+3.4 0.23 <0.001
Diagnosis, n (%) 3.237 0.20
Acute myocardial infarction 110 (69) 47 (59)
Acute coronary syndrome 6 (4) 2(3)
Angina 44 (28) 31 (39)
Significant coronary artery stenosis, n (%) 0.40" 0.82
1-vessel disease 81 (51) 41 (51)
2-vessel disease 48 (30) 26 (33)
3-vessel disease 31(19) 13 (16)
Treatment, n (%) 3.967 0.047
PCI 146 (91) 66 (83)



Medication
LVEF (%)
Laboratory data
Maximum CK-MB (IU/L)
Hemoglobin (g/dL)
eGFR (mL/min/1.73 m?)
Albumin (g/dL)
HbAlc (%)
Comorbidities, n (%)
Hypertension
Dyslipidemia
Diabetes
Chronic respiratory disease
Orthopedics disease
Medications, n (%)
ACE inhibitor
ARB

B-blocker

14 (9)

51.8+10.7

169.0 +£204.7

13.0+1.7

55.8+21.2

3.6+0.5

6.5+1.5

78 (49)

80 (50)

63 (39)

1(1)

22 (14)

79 (49)

48 (30)

136 (85)

14 (18)

529+ 13.8

125.7+161.4

12.1+£1.8

47.5+19.9

34+04

6.5+1.1

47 (59)

32 (40)

37 (46)

2(3)

15 (19)

36 (45)

24 (30)

59 (74)

0.08

0.09

3.92*

0.21

3.08*

0.06

2.147

2.147

1.047

1.527

1.027

0.417

4.43%

0.20

0.18

<0.001

0.001

0.002

0.33

0.14

0.14

0.31

0.22

0.31

0.52

0.04



Nitrates 21 (13) 5(6) 2617 0.11

Calcium antagonist 35(22) 18 (23) 0.017 0.91
Anticholinergics 0(0) 0(0)

Benzodiazepines 7 (4) 9 (11) 4.05° 0.04
Analgesics 11 (7) 7(9) 0.27° 0.60

Educational background

>13 years (%) 66 (41) 14 (18) 13.547  <0.001
MoCA-J (points) 28.0+1.3 21.6+£2.9 0.82 <0.001
Living alone (%) 35(22) 15 (19) 0.327 0.57
Gait speed (m/s) 1.1+0.2 0.8+0.2 0.54 <0.001
LSA (points) 97.3+£18.1 78.4 £22.1 0.42 <0.001

Date are presented as mean + standard deviation or number (%).

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CK-
MB, creatine kinase-myocardial band; eGFR, estimated glomerular filtration rate; LSA, Life-Space
Assessment; LVEF, left ventricular ejection fraction; MCI, mild cognitive impairment; MoCA-J,
Japanese version of the Montreal Cognitive Assessment; PCI, percutaneous coronary intervention.

* tvalue, T y? value.



Table 2

Univariate and multivariable logistic regression analysis of patients with MCI.

Variable Univariate model Multivariable model
OR (95% CI) p value OR (95% CI) p value
Age 1.12 (1.08-1.16) <0.001 1.08 (1.04-1.12) <0.001
Male sex 0.51 (0.27-0.98) 0.042
BMI 0.86 (0.79-0.93) <0.001
Treatment 0.45 (0.20-1.00) 0.051
Hemoglobin 0.74 (0.63-0.87) <0.001
eGFR 0.98 (0.97-0.99) 0.005
Albumin 0.39 (0.21-0.72) 0.003
B-blocker 0.50 (0.26-0.96) 0.037
Benzodiazepines 2.77 (0.99-7.74) 0.052
Gait speed 0.001 (0.0002-0.008) <0.001 0.007 (0.0009-0.06) <0.001
LSA 0.95 (0.94-0.97) <0.001 0.98 (0.96-0.999) 0.038

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration

rate; LSA, Life-Space Assessment; MCI, mild cognitive impairment; OR, odds ratio.



Logistic regression analyses were conducted with MCI present/MCI absent as the
dependent variable. Clinical characteristics, gait speed, and LSA were included as
independent variables. The multivariable model was developed by forward stepwise

variable selection.
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