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      ABSTRACT 

 

Cardiovascular Fitness as a Predictor of Functional Recovery in 

Subacute Stroke Patients 

 

Bo Ryun Kim 

Department of Medicine 

GRADUATE SCHOOL 

JEJU NATIONAL UNIVERSITY 

 

Supervised by Professor Seung Jae Joo 

                

Purpose: To investigate the correlation between baseline cardiovascular fitness and 

functional status, and whether baseline cardiovascular fitness is of predictive value in terms 

of functional recovery after rehabilitation in subacute stroke patients. 

Methods: This study was a descriptive, observational cohort study. Fifty-five subacute 

stroke patients (37 males and 18 females; average age, 62.2 years) were enrolled for this 

study, and all subjects underwent symptom-limited low-velocity graded treadmill testing. 

Baseline assessments included cardiovascular fitness, 6-minute walk test (6MWT), Korean-

modified Barthel index (K-MBI), motricity index (MI). Four weeks after rehabilitation, K-

MBI was measured repeatedly.    

Results: Mean peak oxygen consumption (Vo2 peak) was 19.7 ± 6.7 mL/kg/min. Baseline K-



II 

 

MBI correlated significantly with Vo2 peak, peak heart rate (HR), 6MWT, and MI, and in 

multivariate linear regression analysis, Vo2 peak and MI were significant independent 

predictors of baseline K-MBI. Follow-up K-MBI correlated significantly with Vo2 peak, peak 

HR, peak rate pressure product (RPP), 6MWT, baseline K-MBI and MI, and in multivariate 

linear regression analysis, Vo2 peak and baseline K-MBI were significant independent 

predictors of follow-up K-MBI. 

Conclusion: These results indicate that baseline cardiovascular fitness is an important 

prognostic factor regarding the functional recovery, in addition to correlating significantly 

with the baseline functional status in subacute stroke patients. 

 

Keywords: Stroke, Physical fitness, Function 
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I. INTRODUCTION 

Stroke is one of the leading causes of disability, resulting in chronic residual deficits that 

impair ambulatory and activity of daily living (ADL) functions (Gresham et al., 1975). The 

goal of intensive rehabilitation during the subacute recovery period following stroke is to 

improve basic mobility and ADL skills (Gresham et al., 1995), with 60 – 70% of subacute 

stroke patients regaining their ability to walk independently at discharge (Hill et al., 1997). 

However, only 7% of these patients have sufficient capacity to maintain ambulatory function 

in the community (Goldie et al., 1996; Hill et al., 1997). Residual functional deficits such as 

reduced mobility, poor balance, and muscle weakness may lead to physical inactivity and a 

sedentary lifestyle, thereby propagating reduced cardiovascular fitness (Gresham et al., 1975; 

Jorgensen et al., 1999; Mayo et al., 1999).  

 In stroke patients, reduced cardiovascular fitness is a well-studied physical impairment. 

Mean peak oxygen consumption (Vo2 peak) levels typically range from 11.4 ± 3.7 to 17.3 ± 

7.0 mL/kg/min (Eng et al., 2004; Ivey et al., 2005; Kelly et al., 2003; MacKay-Lyons et al., 

2002; Pang et al., 2006; Rimmer et al., 2005; Yates et al., 2004). This is 33 – 70% lower than 

in a group of age- and sex-matched, nondisabled, sedentary but otherwise healthy individuals, 

in whom Vo2 peak levels range between 25 and 30 mL/kg/min (Ivey et al., 2005). The low 

aerobic capacity in stroke survivors may not only increase the energy costs of movements 

involving the residual functional deficits, leading to low social participation and poor quality 

of life (Mayo et al., 1999), but also worsen underlying cardiovascular and metabolic risk 

factors such as hypertension, obesity, diabetes, and dyslipidemia, thus contributing to a 

higher risk of recurrent stroke (Michael et al., 2007). 

 As highlighted by these detrimental effects of low aerobic capacity on long-term prognosis, 

in subacute and/or chronic stroke patients, positive correlations have been confirmed 

between cardiovascular fitness, ambulatory function, and balance through therapeutic 
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aerobic exercise training (Duncan et al., 2003; Globas et al., 2012; Jorgensen et al., 2010; 

Macko et al., 2005). However, there is relatively limited evidence for a correlation between 

baseline cardiovascular fitness and functional status, especially during the early post-stroke 

period. Although one study (MacKay-Lyons et al., 2002) reported a significant relationship 

between Vo2 peak and the Barthel index early after stroke, its small sample size and use of 

weight-supported treadmill testing to measure Vo2 peak limited the generalizability of the 

conclusions. In addition, that study did not address whether cardiovascular fitness serves as a 

potential predictor of functional capacity in subacute stroke patients. This relationship would 

have important implications regarding whether an improved baseline cardiovascular fitness 

would enhance functional recovery in subacute stroke patients.  

 Therefore, this study investigated the correlation between baseline cardiovascular fitness 

and ADL function, and whether baseline cardiovascular fitness is of predictive value in terms 

of functional recovery after rehabilitation in subacute stroke patients. 
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II. METHODS 

Subjects 

Fifty-five patients (37 males and 18 females; average age, 62.2 years; range, 37 – 89 years) 

with subacute (i.e., within 3 months) stroke were recruited from the patients admitted to Jeju 

National University Hospital between June 2011 and May 2012 for first-ever cerebral stroke 

involving the cortical or subcortical area, confirmed clinically through computed 

tomography scans or magnetic resonance imaging. Eligibility was determined by screening, 

carried out by a physiatrist. Patient evaluation included medical history, physical and 

neurological examinations, a resting 12-lead electrocardiogram (ECG, CH 2000 Cardiac 

Diagnostic System, Cambridge Heart Inc, USA), and calculation of body mass index. The 

inclusion criteria consisted of the ability to walk at least 3 min with or without an aid but 

without standby assistance and to understand simple oral instructions given by a physical 

therapist. Exclusion criteria consisted of advanced congestive heart failure, peripheral 

arterial disease with claudication, unstable angina, uncontrolled hypertension (>190/110 

mmHg), severe cognitive impairment or aphasia (determined by clinical evaluation with a 

physiatrist), subacute systemic illness or infection, and significant orthopedic or pain 

conditions that limited participation in exercise testing. Of 121 screened patients, a total of 

55 patients were eligible for the inclusion & exclusion criterias, and finally enrolled into the 

study. 

Baseline demographic and stroke-related data are presented in Table 1.  

The average age of the patients was 62.2 ± 11.7 years, and the average post-stroke duration 

was 32.6 ± 24.7 days. Only 8 of the 55 (14.5%) patients had cardiovascular comorbidities 

including atrial fibrillation (n = 4), coronary artery diseases (n = 3), and congestive heart 

failure (n = 1). None of them took beta-blocker medications.  

Usual medications were maintained throughout the period of screening and exercise testing. 
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For the duration of the study, all participants received conventional rehabilitation therapies 

consisting of physical and occupational therapies focused on mobility and ADL functions. 

Several studies (Kuys et al., 2006; MacKay-Lyons et al., 2002)
 
indicated that conventional 

rehabilitation therapies did not induce a meaningful aerobic training effect in post-stroke 

patients, regardless of walking ability. All participants provided a written informed consent 

form, and Ethics Committee of Jeju National University Hospital approved the study 

protocol. 
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Table 1. Demographic and disease-related characteristics of the subjects (N = 55) 

Variable Values 

Age at stroke onset (years) 62.2 ± 11.7 

Sex, males/females 37 (67.3) / 18 (32.7) 

Post-stroke duration (days) 32.6 ± 24.7 

Height (cm) 163.8 ± 7.7 

Weight (kg) 63.6 ± 10.8 

Body mass index (kg/m
2
) 23.7 ± 3.0 

Stroke type 
 

Ischemic 47 (85.5) 

Hemorrhagic 8 (14.5) 

Stroke area 
 

Cortical 18 (32.7) 

Subcortical 37 (67.3) 

Lesion side 
 

Left 28 (50.9) 

Right 26 (47.3) 

Both 1 (1.8) 

Comorbidities 
 

Cardiovascular disease 8 (14.5) 

Diabetes mellitus 10 (18.2) 

Hypertension 30 (54.5) 

Values represent mean ± standard deviation or number (%) of cases 
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Exercise treadmill testing 

 Peak exercise cardiovascular responses were measured by the symptom-limited low-

velocity graded treadmill stress testing suggested by Macko et al., 1997 on a calibrated 

motorized treadmill (T-2100, GE Healthcare Inc, USA) in the presence of one physiatrist and 

one physical therapist. An initial round of treadmill walking without incline was used to 

assess gait safety and to select the target walking velocity for subsequent maximal effort 

graded treadmill testing. The zero-incline treadmill test was started at 0.5 mph and slowly 

advanced by 0.1 mph increments according to the patient’s subjective tolerance and 

observer-rated gait stability. Patients capable of performing ≥ 3 consecutive minutes of 

treadmill walking at ≥ 0.5 mph were allowed 15 min of seated rest, after which they 

underwent constant-velocity, progressively graded treadmill exercise testing during 

continuous ECG and monitoring of vital signs. For the initial 2 min, patients walked on the 

T-2100 treadmill without an incline, followed by 2 min at 4% incline, with a 2% increase per 

2 min thereafter. The exercise test was terminated on patient request or if gait instability or 

cardiovascular decompensation was determined according to the guidelines of the American 

College of Sports Medicine (Thompson et al., 2009). Handrail supported was minimally 

allowed, and a gait belt support and close supervision were provided as safety measures (Fig. 

1). 

 



７ 

 

 

Figure 1. The figure shows symptom-limited low-velocity graded exercise stress test 
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Outcome measures 

Assessment of cardiovascular fitness and gait function 

 The Vo2 and respiratory exchange ratio (RER) were determined by expired-gas analysis via 

the breath-by-breath method using a portable telemetric system (Cosmed CPET, COSMED 

Inc, Italy). The Vo2 was also expressed in metabolic equivalents (METs) to describe exercise 

intensity. Peak values for these exercise parameters were the averages of values recorded 

during the last 30 sec of the test. A 12-lead ECG was used to determine resting heart rate 

(HR rest) after a 5 min rest period. Peak heart rate (HR peak) was the average heart rate 

during the last 30 sec of exercise and was additionally expressed as a percentage of the age-

predicted maximal heart rate: [HR peak/(220 - age)] x 100 (Thompson et al., 2009). Systolic 

(SBP) and diastolic blood pressure (DBP) were measured at rest, every 2 min during exercise, 

and every minute during recovery until a return to baseline was confirmed. Resting and peak 

SBP & DBP values were recorded for statistical analysis. The rate pressure product (RPP) 

was also calculated (heart rate x SBP) (Thompson et al., 2009) with the peak value defined 

as the average of the values recorded during the last 30 sec of the test. Exercise duration, 

defined as the time from the initiation to the termination of the exercise protocol, was 

recorded. Vo2 max was the highest value attained during the test. Maximal effort was 

achieved if one of the following criteria was met: (1) increase in Vo2 < 150 mL in the final 

minute of exercise, i.e., a Vo2 plateau; (2) peak RER > 1.0; (3) peak SBP > 200 mmHg; or 

(4) HR peak within 15 beats per minute of the predicted maximal heart rate (Howley et al., 

1995). 

 Gait function was evaluated with the 6-minute walk test (6MWT). This is a commonly used 

standardized measure of exercise tolerance and functional walking capacity in people with 

compromised mobility (Eng et al., 2002). Patients were instructed to walk along a 50 m track 
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without disturbances, and used their customary assistive devices during the test but were 

requested to walk without support when possible.  

Assessment of ADL function 

 The Korean-modified Barthel index (K-MBI) was used to evaluate ADL functions. The 

MBI is a reliable and valid instrument for measuring the functional status of stroke patients, 

and the Korean version of the MBI has been validated (Jung et al., 2007) (App. 1).  

Assessment of motor function 

 The motricity index (MI) was used to assess motor impairment after stroke. Of several 

possible MI scores, we measured the hemiparetic side score: [(arm score for side) + (leg 

score for side)] / 2 (Collin et al., 1990). The MI of bilateral weakness due to bi-hemispheric 

lesion involvement was obtained from the average score of the MIs of the double 

hemiparetic sides (App. 2). 

All assessments were measured at baseline evaluation. Only the K-MBI was measured 

repeatedly 4 weeks after rehabilitation. 
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Statistical Analysis 

All statistical analyses were performed using the SPSS statistical package (version 14.0). 

All measures were subjected to descriptive statistics. Student's t-test was used to compare 

baseline cardiovascular fitness and 6MWT according to sex, stroke type and area, lesion side, 

and comorbidities. Pearson’s correlation analysis was used to assess the relationships among 

baseline ADL function, cardiovascular fitness, gait, and motor functions, and to assess 

relationships among follow-up ADL function, cardiovascular fitness, gait, and motor 

functions, respectively. Multivariate linear regression analysis using a backward selection 

linear regression model was employed to determine whether the baseline cardiovascular 

fitness was a significant predictor of ADL function at baseline and at 4 weeks after 

rehabilitation. A p - value < 0.05 was considered statistically significant.  
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III. RESULTS 

Baseline evaluation of cardiovascular fitness, gait, activity of daily living and motor 

functions 

Data on the baseline cardiovascular fitness, 6MWT, K-MBI, and MI scores are presented in 

Table 2. The average values of Vo2 peak, MET peak, RER peak, and percentage of age-

predicted maximal HR were 19.7 ± 6.7 mL/kg/min, 5.6 ± 1.9 METs, 0.98 ± 0.08, and 92.1 ± 

10.8%, respectively.  
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Table 2. The baseline evaluation of cardiovascular fitness, gait, ADL, and motor functions  

Variable Values 

Vo2 peak (mL/kg/min) 19.7 ± 6.7 

MET peak 5.6 ± 1.9 

RER peak 0.98 ± 0.08 

HR rest (bpm) 88.9 ± 14.0 

HR peak (bpm) 133.2 ± 23.3 

Percentage of age-predicted maximal HR (%)  92.1 ± 10.8 

Rest SBP (mmHg) 130.8 ± 22.9 

Rest DBP (mmHg) 78.1 ± 12.9 

Peak SBP (mmHg) 176.1 ± 32.8 

Peak DBP (mmHg) 83.2 ± 17.2 

RPP peak 23,861.8 ± 6,498.6 

Exercise duration (sec) 536.3 ± 284.3 

6MWT (m) 262.8 ± 120.7 

K-MBI 74.0 ± 17.6 

MI 61.2 ± 11.0 

Values represent mean ± standard deviation or number (%) of cases 

Abbreviation: ADL, activity of daily living, Vo2, oxygen consumption, MET, metabolic 

equivalent, RER, respiratory exchange ratio, HR, heart rate, SBP, systolic blood pressure, 

DBP, diastolic blood pressure, RPP, rate pressure product, 6MWT, 6-minute walk test, K-

MBI, Korean-modified Barthel index, MI, motricity index 
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Comparison of baseline cardiovascular fitness and gait function according to sex, 

stroke type and area, lesion side, and comorbidities 

A comparison of baseline cardiovascular fitness and 6MWT according to sex, stroke type 

and area, lesion side, and comorbidities such as cardiovascular disease, diabetes mellitus, 

and hypertension failed to show significant differences, except for a significantly lower Vo2 

peak (16.1 ± 5.0 mL/kg/min vs. 21.4 ± 6.8 mL/kg/min, p < 0.01) and 6MWT (216.3 ± 99.7 

m vs. 285.4 ± 124.6 m, p = 0.03) in females than in males (Table 3). 

Table 3. Comparison of baseline cardiovascular fitness and gait function according to sex  

Variable Male (n = 37) Female (n = 18) 

Vo2 peak (mL/kg/min) 21.4 ± 6.8 16.1 ± 5.0
†
 

HR rest (bpm) 90.2 ± 14.8 86.1 ± 12.2 

HR peak (bpm) 133.2 ± 23.5 133.2 ± 23.3 

Rest SBP (mmHg) 129.2 ± 23.5 134.0 ± 21.7 

Rest DBP (mmHg) 76.5 ± 12.7 81.4 ± 13.0 

Peak SBP (mmHg) 174.5 ± 31.7 179.4 ± 35.8 

Peak DBP (mmHg) 79.9 ± 15.8 89.8 ± 18.4 

RPP peak 23,737 ± 6,165.1 24,116.7 ± 7,318.2 

6MWT (m) 285.4 ± 124.6 216.3 ± 99.7
*
 

Values represent mean ± standard deviation or number (%) of cases 

* p < 0.05, †p < 0.01 

Abbreviation: Vo2, oxygen consumption, HR, heart rate, SBP, systolic blood pressure, DBP, 

diastolic blood pressure, RPP, rate pressure product, 6MWT, 6-minute walk test 
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Correlation among baseline activity of daily living function, cardiovascular fitness, gait, 

and motor functions 

The baseline K-MBI score correlated significantly with the Vo2 peak, HR peak, 6MWT, and 

MI (Table 4 & Fig. 2(A) - (J)).  

Table 4. Correlation among the baseline ADL function, cardiovascular fitness, gait, and 

motor functions 

  
Correlation coefficients (r) 

Baseline K-MBI 

Vo2 peak  0.54
†
 

HR rest  -0.2 

HR peak  0.30
*
 

Rest SBP  -0.01 

Rest DBP  0.04 

Peak SBP  0.16 

Peak DBP  -0.09 

RPP peak 0.25 

6MWT  0.47
†
 

MI 0.54
†
 

Values represent correlation coefficients (r) 

*p < 0.05, † p< 0.01 

Abbreviation: K-MBI, Korean-modified Barthel index, Vo2, oxygen consumption, HR, heart 

rate, SBP, systolic blood pressure, DBP, diastolic blood pressure, RPP, rate pressure product, 

6MWT, 6-minute walk test, MI, motricity index 



１５ 

 

5.0 10.0 15.0 20.0 25.0 30.0 35.0

peak Vo2

20

40

60

80

100
b
as

el
in

e 
K

-M
B
I

 

Figure 2(A). Correlation between the baseline Korean-modified Barthel index and peak 

oxygen consumption (r = 0.54, p < 0.01) 
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Figure 2(B). Correlation between the baseline Korean-modified Barthel index and rest heart 

rate (r = - 0.20, p = 0.14) 
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Figure 2(C). Correlation between the baseline Korean-modified Barthel index and peak 

heart rate (r = 0.30, p = 0.03) 
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Figure 2(D). Correlation between the baseline Korean-modified Barthel index and rest 

systolic blood pressure (r = - 0.01, p = 0.99) 
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Figure 2(E). Correlation between the baseline Korean-modified Barthel index and rest 

diastolic blood pressure (r = 0.04, p = 0.77) 
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Figure 2(F). Correlation between the baseline Korean-modified Barthel index and peak 

systolic blood pressure (r = 0.16, p = 0.24) 
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Figure 2(G). Correlation between the baseline Korean-modified Barthel index and peak 

diastolic blood pressure (r = - 0.09, p = 0.52) 
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Figure 2(H). Correlation between the baseline Korean-modified Barthel index and peak rate 

pressure product (r = 0.25, p = 0.06) 
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Figure 2(I). Correlation between the baseline Korean-modified Barthel index and 6-minute 

walk test (r = 0.47, p < 0.01) 
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Figure 2(J). Correlation between the baseline Korean-modified Barthel index and motricity 

index (r = 0.54, p < 0.01) 
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In multivariate linear regression analysis, the Vo2 peak (beta = 0.425, p < 0.01) and the MI 

(beta = 0.296, p = 0.02) were significant independent predictors of the baseline K-MBI 

(adjusted R
2 
= 0.33) (Table 5).  

Table 5. Results of multivariate linear regression analysis: predictors of the baseline ADL 

function 

Outcome 

/Independent Predictor 
Standardized β p - value Adjusted R

2
 

Baseline K-MBI 
   

Vo2 peak 0.425 < 0.01 0.33 

MI 0.296  0.02   

Abbreviation: K-MBI, Korean-modified Barthel index, Vo2, oxygen consumption, MI, 

motricity index 
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In additional analysis of a correlation among baseline cardiovascular fitness, gait, and 

motor functions, Vo2 peak was found to be significantly associated with HR peak, RPP peak, 

and 6MWT but not with the MI score (Table 6 & Fig. 3(A)-(I)).   

 

Table 6. Correlation among baseline cardiovascular fitness, gait, and motor functions 

  

Correlation coefficients (r) 

Baseline Vo2 peak 

HR rest  -0.07 

HR peak  0.61
†
 

Rest SBP  -0.09 

Rest DBP  0.09 

Peak SBP  0.25 

Peak DBP  0.06 

RPP peak 0.56
†
 

6MWT  0.74
†
 

MI 0.26 

Values represent correlation coefficients (r) 

*p < 0.05, †p < 0.01 

Abbreviation: Vo2, oxygen consumption, HR, heart rate, SBP, systolic blood pressure, DBP, 

diastolic blood pressure, RPP, rate pressure product, 6MWT, 6-minute walk test, MI, 

motricity index 
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Figure 3(A). Correlation between the baseline peak oxygen consumption and rest heart rate 

(r = - 0.07, p = 0.64) 
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Figure 3(B). Correlation between the baseline peak oxygen consumption and peak heart rate 

(r = 0.61, p < 0.01) 
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Figure 3(C). Correlation between the baseline peak oxygen consumption and rest systolic 

blood pressure (r = - 0.09, p = 0.51) 
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Figure 3(D). Correlation between the baseline peak oxygen consumption and rest diastolic 

blood pressure (r = 0.09, p = 0.52) 
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Figure 3(E). Correlation between the baseline peak oxygen consumption and peak systolic 

blood pressure (r = 0.25, p = 0.07) 
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Figure 3(F). Correlation between the baseline peak oxygen consumption and peak diastolic 

blood pressure (r = 0.06, p = 0.67) 
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Figure 3(G). Correlation between the baseline peak oxygen consumption and peak rate pulse 

product (r = 0.56, p < 0.01) 



３４ 

 

0 100 200 300 400 500 600

6MWT

5.0

10.0

15.0

20.0

25.0

30.0

35.0
b
as

el
in

e 
V

o2
 p

ea
k

 

Figure 3(H). Correlation between the baseline peak oxygen consumption and 6-minute walk 

test (r = 0.74, p < 0.01) 
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Figure 3(I). Correlation between the baseline peak oxygen consumption and motricity index 

(r = 0.26, p = 0.07) 
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Correlations among follow-up activity of daily living function, baseline cardiovascular 

fitness, gait, and motor functions 

The follow-up K-MBI score correlated significantly with the peaks in Vo2, HR, and RPP as 

well as with 6MWT score, the MI, and the baseline K-MBI (Table 7 & Fig. 4(A)-(K)).  

Table 7. Correlation among the follow-up ADL function, cardiovascular fitness, gait, and 

motor functions 

  Correlation coefficients (r) 

Follow-up K-MBI 

Vo2 peak  0.55
†
 

HR rest  -0.08 

HR peak  0.44
†
 

Rest SBP  0.06 

Rest DBP  0.13 

Peak SBP  0.22 

Peak DBP  0.01 

RPP peak 0.44
†
 

6MWT  0.59
†
 

MI 0.55
†
 

Baseline K-MBI 0.89
†
 

Values represent correlation coefficients (r) 

*p < 0.05, †p < 0.01 

Abbreviation: K-MBI, Korean-modified Barthel index, Vo2, oxygen consumption, HR, heart 

rate, SBP, systolic blood pressure, DBP, diastolic blood pressure, RPP, rate pressure product, 

6MWT, 6-minute walk test, MI, motricity index 
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Figure 4(A). Correlation between the follow-up Korean-modified Barthel index and baseline 

peak oxygen consumption (r = 0.55, p < 0.01) 
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Figure 4(B). Correlation between the follow-up Korean-modified Barthel index and baseline 

rest heart rate (r = - 0.08, p = 0.58) 
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Figure 4(C). Correlation between the follow-up Korean-modified Barthel index and baseline 

peak heart rate (r = 0.44, p < 0.01) 
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Figure 4(D). Correlation between the follow-up Korean-modified Barthel index and baseline 

rest systolic blood pressure (r = 0.06, p = 0.69) 
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Figure 4(E). Correlation between the follow-up Korean-modified Barthel index and baseline 

rest diastolic blood pressure (r = 0.13, p = 0.33) 
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Figure 4(F). Correlation between the follow-up Korean-modified Barthel index and baseline 

peak systolic blood pressure (r = 0.22, p = 0.11) 
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Figure 4(G). Correlation between the follow-up Korean-modified Barthel index and baseline 

peak diastolic blood pressure (r = 0.01, p = 0.97) 
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Figure 4(H). Correlation between the follow-up Korean-modified Barthel index and baseline 

peak rate pressure product (r = 0.44, p < 0.01) 
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Figure 4(I). Correlation between the follow-up Korean-modified Barthel index and baseline 

6-minute walk test (r = 0.59, p < 0.01) 
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Figure 4(J). Correlation between the follow-up Korean-modified Barthel index and baseline 

motricity index (r = 0.55, p < 0.01) 
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Figure 4(K). Correlation between the follow-up Korean-modified Barthel index and baseline 

Korean-modified Barthel index (r = 0.89, p < 0.01) 
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In the multivariate linear regression analysis, Vo2 peak (beta = 0.214, p = 0.01) and the 

baseline K-MBI (beta = 0.731, p < 0.01) were significant independent predictors of the 

follow-up K-MBI (adjusted R
2 
= 0.74) (Table 8).  

Table 8. Results of multivariate linear regression analysis: predictors of the follow-up ADL 

function 

Outcome 

/Independent Predictor 
Standardized β p - value Adjusted R

2
 

Follow-up K-MBI    

Vo2 peak 0.214  0.01 0.74 

Baseline K-MBI 0.731 < 0.01   

Abbreviation: K-MBI, Korean-modified Barthel index, Vo2, oxygen consumption 
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IV. DISCUSSION 

 The results of this study provide evidence for a significant association between baseline 

cardiovascular fitness and baseline functional status, with the former serving as an important 

prognostic factor with respect to functional recovery in the early post-stroke period. 

 The 55 patients had a mean Vo2 peak of 19.7 mL/kg/min. As anticipated, not all of them 

attained the minimum criteria for Vo2 max, indicating that this is a considerably difficult goal 

following stroke. Nevertheless, both the percentage of the age-predicted maximal HR and 

the RPP peak determined in this study were higher than the corresponding values reported by 

other authors (Mackay-Lyons et al., 2002) who also evaluated subacute stroke patients, 

suggesting a substantial physical effort. Indeed, the Vo2 peak level in our patients was 

roughly 70% of that determined in age- and sex-matched sedentary but otherwise healthy 

individuals in their mid-60s, in whom Vo2 peak was 25 – 30 mL/kg/min (Ivey et al., 2005). A 

Vo2 max less than 84 % of the normative value is considered indicative of a pathology 

(Wasserman et al., 1999). The underlying mechanisms that lead to a reduction in 

cardiovascular fitness after stroke remain unknown. Cardiovascular dysfunction, including 

central and peripheral mechanisms; respiratory dysfunction, such as respiratory muscle 

weakness and impaired breathing mechanics; and neuromuscular impairments, such as 

paralysis, incoordination, spasticity, disuse muscle atrophy, and altered muscle fiber type 

distribution, may all play a role in the low Vo2 peak levels that commonly occur after stroke 

(MacKay-Lyons et al., 2005). 

 Interestingly, while the mean Vo2 peak value (19.7 mL/kg/min) of our patients was lower 

than that of the reference group, it was higher than the 11.4 – 16.4 mL/kg/min reported in 

previous studies of subacute stroke patients (Duncan et al., 2003; Kelly et al., 2003; 

MacKay-Lyons et al., 2002). One possible explanation for this difference is that only 8 

(14.5%) of the 55 post-stroke patients in this study had cardiovascular diseases, whereas in 

other reports (MacKay-Lyons et al., 2002; Roth., 1993), this was the case in 59 – 75%, and 
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that the percentage of the age-predicted maximal HR in our patients (92.1%) was higher than 

the 80 – 85% previously reported (Kelly et al., 2003; MacKay-Lyons et al., 2002). These 

results suggest that the relatively healthy central cardiac mechanism determined in our study, 

reflecting the small proportion of patients with cardiac comorbidities, contributed to the 

higher Vo2 peak levels. Another possible explanation for this discrepancy is that treadmill 

walking, not cycle ergometry, was used as the testing mode. It is well-known that the Vo2 

max of healthy individuals is 6 – 11% lower when determined with cycle ergometry than 

with treadmill walking (Buchfuhrer et al., 1983). Another study reported that compared to 

cycle ergometry, treadmill walking increases the patient's potential to recruit sufficient 

muscle mass in order to elicit a maximal cardiovascular response; this was shown to be 

particularly true in deconditioned populations (Rowell., 2011). Accordingly, the use of 

treadmill walking in this study could have elicited a higher Vo2 peak than that determined 

with cycle ergometry. 

 According to these findings, baseline cardiovascular fitness is significantly associated with 

baseline functional status in subacute stroke patients. In a report showing that MET 

calculations correlated with various activities (Ainsworth et al., 2000), light instrumental 

ADLs were suggested to generally require approximately 3 METs of oxygen consumption, 

whereas more intense ADLs require about 5 METs. Importantly, the proposed MET values 

for the various activities did not take into account disabilities such as stroke, which could 

elevate energy demands. Therefore, the mean peak of 5.6 METs in our stroke patients 

suggested that hard work was required for them to reach the middle of the established ADL 

range, which makes upper-level ADLs virtually impossible and lower-level ADLs 

unsustainable for any extended period of time. These results have clinically important 

implications. While an intensive ADL training is required for maximizing functional 

recovery during the early rehabilitation period following a stroke, a reduced baseline 

functional status due to low cardiovascular fitness could be the main obstacles to the 

effective rehabilitation. 
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 An additional consideration in interpreting these values of peak aerobic capacity in stroke 

patients is the anaerobic threshold. If this threshold is surpassed, the body shifts to anaerobic 

metabolism for energy production, causing more rapid fatigue due to the exponential build-

up of lactate (Thompson et al, 2009). Assuming an anaerobic threshold of 60% (of peak 

values) in age-matched controls, the value in this study would be about 3.4 METs. Thus, 

even lower-level ADLs would begin to cause lactate accumulation and, consequently, 

premature cessation of the activity.  

 In terms of anaerobic threshold and functional capacity, raising both the Vo2 peak and the 

anaerobic threshold even slightly, could improve functional capacity. Hence, the main 

finding of this study, that baseline cardiovascular fitness is an important prognostic factor for 

functional recovery in the early post-stroke period, has meaningful implications. Specifically, 

given the low aerobic component of conventional stroke rehabilitation, as demonstrated 

previously (Kuys et al, 2006; MacKay-Lyons et al., 2002), early intensive aerobic exercise 

training should be considered in stroke patients not only to enhance their cardiovascular 

fitness but also to maximize their functional recovery in the early post-stroke period.  

Meanwhile, these findings showed that the Vo2 peak significantly correlated with HR peak 

and with the 6MWT but not with the MI. These results are in line with previous reports 

(Kelly et al., 2003; Liu et al., 2003) proposing the use of the maximal HR as a simple 

measure of aerobic capacity because it correlates well with Vo2, and with those in which 6-

min walking endurance was strongly associated with measures of peak cardiovascular fitness 

in subacute stroke patients. The absence of a significant correlation between the Vo2 peak and 

the MI implies that motor power on the hemiparetic side does not significantly influence the 

peak cardiovascular fitness level. 

Limitations 

This study had several limitations. First, it was not possible to measure the follow-up 

cardiovascular fitness level and therefore to monitor changing patterns in the basic 
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cardiovascular fitness of stroke patients with initially low MBIs. Second, as we did not 

directly measure the anaerobic threshold, we were unable to confirm whether it correlated 

directly with ADL function. Since most ADL activities involve oxidative pathways, future 

research evaluating the correlation of ADL function and anaerobic threshold through 

measurements of serum lactate level is warranted. Third, the follow-up period was relatively 

short.  
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V. CONCLUSION 

This study demonstrated that baseline cardiovascular fitness is an important prognostic 

factor regarding the functional recovery, in addition to correlating significantly with the 

baseline functional status in subacute stroke patients. 
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VI. IMPLICATIONS FOR REHABILITATION 

1. Reduced cardiovascular fitness is a well-studied physical impairment in stroke patients. 

2. Baseline cardiovascular fitness is an important prognostic factor regarding the functional 

recovery, in addition to correlating significantly with the baseline functional status in 

subacute stroke patients. 

3. Early intensive aerobic exercise training could be considered in subacute stroke patients 

not only to enhance their cardiovascular fitness but also to maximize their functional 

recovery.  
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목적: 본 연구는 아급성기 뇌졸중 환자에서 발병 초기의 운동부하검사의 

심혈관계 운동지표들과 기능적 상태의 상관성을 조사하고, 초기의 

운동부하검사의 여러 심혈관계 운동지표들 중 재활치료 후의 기능적 회복에 

예후추정인자로서의 가치를 가지는 인자가 있는지에 대하여 알아보고자 하였다.  

방법: 본 연구는 관찰적인 코호트 연구로, 총 55명(남자 37명, 여자 18명, 평균 

나이 62.2세)의 아급성기 뇌졸중 환자들이 연구에 모집되었다. 모든 피험자들에 

대하여 증상 제한적, 단계적 저속 트레드밀 운동부하검사를 시행하였다. 

운동부하검사의 평가지표들로는 최고 산소소비량, 최고 호흡교환율, 휴식시와 

최고 심박수, 예측되는 최대 심박수의 퍼센트, 휴식시와 최고 수축기 및 이완기 

혈압, 최고 심근산소소비량, 보행기능의 평가지표로는 6분 걷기 검사, 기능적 

상태의 평가지표로는 한글판 수정바델지수, 근력의 평가지표로는 운동지표를 

측정하였다. 4주의 재활치료 후에, 한글판 수정바델지수를 반복적으로 측정하였다.  
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결과: 총 55명의 아급성기 뇌졸중 환자들의 평균 최고 산소소비량은 19.7 ± 6.7 

mL/kg/min이었다. 최고 산소소비량, 최고 심박수, 6분 걷기 검사, 운동지표가 초기 

한글판 수정바델지수와 유의한 상관관계를 보였으며, 그 중 최고 산소소비량과 

운동지표가 초기의 기능적 상태를 예측하는 독립적인 예후 인자였다. 또한, 최고 

산소소비량, 최고 심박수, 최고 심근산소소비량, 초기 한글판 수정바델지수, 

운동지표는 4주의 재활치료 후 시행한 한글판 수정바델지수와 유의한 

상관관계를 보였으며, 그 중 최고 산소소비량과 초기 한글판 수정바델지수가 

4주의 재활치료 후 기능적 상태를 예측하는 독립적인 예후 인자였다.  

결론: 아급성기 뇌졸중 환자에서 발병 초기에 시행한 운동부하검사의 여러 

심혈관계 운동지표들이 초기 기능적 상태와 유의한 상관관계를 보였으며, 그 중 

최고 산소소비량이 기능적 회복을 예측하는 중요한 예후인자임을 알 수 있었다.   
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IX. APPENDICES 

<Appendix 1> 
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