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Background: While emerging studies have suggested an association of cardiorespiratory fitness (CRF) with stroke risk and overall health outcomes, little is known regarding the optimum methods of CRF measurement in patients with mild acute ischemic stroke.

Objective: The aim of this study was to explore the association between the 6-min walk distance (6MWD) and other measurements related to CRF in patients with mild ischemic stroke at the acute stage.

Methods: A total of 30 patients with stroke and 71 healthy subjects matched for age and grip strength (GS) were prospectively recruited. All patients were within 14 days after stroke onset and presented mild motor impairment (with a full score of Fugl-Meyer Motor Assessment). Demographic data of both groups and clinical information of the stroke group were documented, and the CRF comparison between the two groups was conducted. Each participant underwent a one-time assessment of 6MWD and a series of measurements related to CRF, including GS, 10-m walk test (10mWT), five-times sit-to-stand time (FTSST), functional reaching test (FRT), Berg Balance Scale (BBS), and waistline. Pearson's product-moment correlation coefficient test and multiple linear regression were performed to explore the indicators of CRF.

Results: Significant moderate correlations (0.3 < r < 0.6) were found between 6MWD and GS of left hand (GS-left) (r = 0.573, p = 0.001), GS of right hand (GS-right) (r = 0.524, p = 0.003), FTSST (r = −0.551, p = 0.002), 10mWT (r = 0.554, p = 0.001), and FRT (r = 0.449, p = 0.021) in the patient group. While 6MWD displayed significant moderate correlations with waistline (r = 0.364, p = 0.002), 10mWT (r = 0.512, p < 0.001), FTSST (r = −0.573, p < 0.001), and FRT (r = 0.550, p < 0.001) in the healthy group. All these dependent variables were entered into a stepwise multiple linear regression analysis to evaluate their values in estimating CRF as measured by 6MWD in each group. Analyses suggested that GS-left (p = 0.002) and FTSST (p = 0.003) were the indicators of CRF in the patient group with stroke and explained 51.4% of the variance of 6MWD (R2 = 0.514); FTSST (p < 0.001), 10mWT (p < 0.001), and FRT (p = 0.021) were the indicators of CRF in the healthy group and explained 58.9% of variance of 6MWD (R2 = 0.589).

Conclusions: Our data confirmed that CRF is impaired in patients with mild ischemic stroke at the acute phase. Moreover, GS-left may be an optional indicator of CRF in patients with mild acute ischemic stroke, but not in healthy people.

Clinical Trial Registration: www.chictr.org.cn, identifier: ChiCTR2000031379.
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INTRODUCTION

Despite the rapid development of modern medicine, stroke remains a leading cause of adult mortality and disability in China and worldwide (1). Cardiorespiratory fitness (CRF), represented by peak oxygen uptake (VO2peak), is closely related to an individual's health status. Low CRF level is an independent risk factor for all-cause mortality (2), and a reliable predictor of poor functional prognosis and mortality after stroke (3). Emerging studies suggest that the improvement of CRF may provide benefits for walking capacity (4) and long-term recovery in patients with subacute and chronic stroke (5). However, for various factors, such as physical inactivity (6) (updated) before and after stroke (7), effects of the stroke itself, and the hospital environment (8), the VO2peak level of stroke survivors decreases by about 47% compared with age- and sex-matched healthy subjects (9). Insufficient CRF causes an obvious difficulty in motor function rehabilitation early after stroke because motor relearning and neural network reorganization rely on repetitive training (10), and patients with decreased CRF levels may be less able to tolerate the highly intensive task training due to fatigue and rapid exhaustion (11).

Since CRF has a great impact on stroke outcomes, it is imperative to develop efficient methods of CRF measurement. The VO2peak, which is measured quantitatively by performing the cardiopulmonary exercise test (CPET), is widely accepted as the gold indicator of CRF (12). In practice, however, CPET is very costly, requiring expensive equipment, a specialized environment, and well-trained accessors, which makes it not applicable in a lot of small- and medium-sized medical institutions (13). Moreover, the spasticity, muscle weakness, coordination problem, and other limitations may preclude patients with stroke with moderate to severe impairment from safely and effectively undergoing CPET assessment (14). As an alternative, the American Stroke Association Scientific Statement recommends the use of a walking test for the assessment of CRF in stroke survivors (15). One of the most widely used practical simple walking tests in clinical use is the 6-min walk test (6MWT) (16), which demonstrates good to excellent test–retest reliability, good validation, and good responsiveness in patients with stroke (17, 18). In comparison with CPET, the 6MWT does not require a set of complex devices as well as the technical expertise of assessors (19). More importantly, previous studies have shown that the 6-min walk distance (6MWD) was good related to VO2peak through a correlation analysis (5) (updated). In fact, CPET and 6MWT each represent an important determinant of CRF. The intensity level is a key parameter of CPET, while 6MWT places primary emphasis on walking endurance and seems to be determined more by impaired walking capacity (20, 21).

Ischemic stroke accounts for about 80% of all stroke cases (22). Among them, nearly half of them are mild in nature, which are usually defined by ≤ 5 on the National Institute of Health Stroke Scale (NIHSS) and <2 on the modified Rankin Scale (mRS) (23, 24). These patients exhibit no or mild motor dysfunction and mostly show well-preserved walking ability in the acute phase after stroke (25). However, very limited studies have investigated the CRF level in these patients with mild acute ischemic stroke. Currently, available data have shown that there is a significant decrease in the CRF level in patients with stroke from subacute to chronic phase compared to age- and sex-matched healthy control subjects. In addition, the VO2peak level is gradually increasing during the subacute phase, and then trapped at a level that is about only half of the healthy control during the chronic phase (3). This leaves the question of how patients' CRF level evolves during the acute phase, and whether the CRF level is impaired in patients with mild ischemic stroke with complete motor ability. This literature gap creates a barrier for us to understand the evolution of CRF from the early stage after stroke, and to set an appropriate dose of exercise prescription. Given the characteristics of 6MWT, such as feasibility, functionality, simplicity, and low cost, we believed that 6MWT would be very suitable for investigating the CRF level in patients with mild acute ischemic stroke.

Apart from CEPT and 6MWT, many other indicators are widely used in the clinic to measure the different dimensions of CRF in patients with stroke, including 10-m walk test (10mWT), five-times sit-to-stand time (FTSST), functional reaching test (FRT), Berg Balance Scale (BBS), and grip strength (GS). Meta-analysis of cross-sectional studies reported a moderate correlation between the walking speed measured by 10mWT and VO2peak (0.31 < r <0.54, 95%CI) (21). A prospective cohort study also revealed that the baseline maximal gait speed assessed by 10mWT in subacute stroke was positively correlated with later VO2peak in the chronic phase after stroke (26). FTSST is a reliable measurement tool mainly designed for evaluating the functional lower body muscle strength (27), which is also an important component influencing stroke survivors' CRF (28). FRT and BBS both belong to the classic clinical measure of balance (29) (updated). The balance scores are not only a strong predictor of levels of locomotor activity of individuals after stroke but also related to VO2peak. It has been demonstrated that the BBS score correlated with the speed at the end of the CPET assessment, and patients with stroke with deficits in balance might not be able to reach sufficient walking speed to achieve an effective maximum CPET (30). GS is a simple, an inexpensive, and a useful indicator of muscular fitness, and it is strongly correlated with overall muscle strength (31). Previous studies have indicated that GS is associated with all-cause mortality, and GS itself is also a risk factor for unfavorable health outcomes in cardiovascular diseases (32). More importantly, GS is a useful prognostic biomarker for stroke and can be used to stratify an individual's risk of stroke recovery (33). Prior studies have shown that GS adjusted for the body surface area may moderately reflect CRF levels in healthy young adults (12). Furthermore, many studies observed parallel changes between the GS and CRF value in the course of the diseases like diabetes (34), liver disease (35), cardiovascular disease (36), common mental disorders (37), and cancer (38). However, to our knowledge, no prior studies have reported the level and further relationship between each other of these indicators mentioned above in patients with mild acute ischemic stroke.

To address this knowledge gap, we conducted this cross-sectional, single-time assessment study. The present study aimed to reveal the level of CRF in a group of mild ischemic stroke at the acute phase and to explore the possible association between 6MWT, GS, and other measurements related to CRF. Considering the reliability and feasibility of 6MWT in measuring CRF, we set the 6MWD as the primary indicator of CRF level and performed the correlation and regression analysis between other indicators and the 6MWD. We speculate that GS and other measurements might show a significant correlation with 6MWD to varying degrees, and 6MWD can be reflected by models consisted of the different combinations of indicators that each represent an important aspect of CRF in patients with mild acute ischemic stroke.



METHODS


Study Population

This cross-sectional observational study enrolled 30 patients with stroke from the Department of Rehabilitation of The People's Hospital of Jiaozuo City and The Second Affiliated Hospital of Kunming Medical University. Patients were eligible if they: (1) experienced a clinically diagnosed mild ischemic stroke within 3–14 days from the onset; (2) with the NHISS (39) (updated) score ≤ 5 points; (3) were independently ambulant; (4) with no obvious motor impairments [Fugl-Meyer Motor Assessment (40) (updated) = 100]; (5) were right-handed according to the Edinburgh Handedness Inventory (EHI) (41) (updated); (6) aged between 18 and 85 years; and (7) with the mRS score (42) (updated) <2 points. Patients with any of the following were excluded: (1) cognitive dysfunction MoCA test (43) (updated) <26 points); (2) unable to complete the assessment due to deficits in hearing, vision, or understanding; (3) with severe dysfunction of one or more vital organs; and (4) with severe aphasia. This study also included 71 age- and GS-matched healthy participants from one community in Yuhang District Shanghai, China, and two communities in Xiaoshan District, Hangzhou, China. All healthy subjects were right-handed assessed by EHI, cognitively intact, and without any history of stroke or any known neurological, cardiovascular, respiratory, or musculoskeletal disease that might have affected their ability to perform the tests in our study.

Patients meeting the inclusion criteria were recruited through posters in the inpatient rehabilitation departments. Healthy subjects were screened and recruited as follows. We first calculated the mean age and GS of the stroke group. We then screened the existing data in the annual physical examination in the community and selected the matched healthy people according to the data (age and GS on the left side) of participants with stroke at the ratio of 1:3. Finally, a total of 90 healthy participants were screened and 71 were eventually recruited. The sample size was calculated based on the previously reported data and our pretest. The assumption was that the mean difference between the healthy group and the patient group with stroke would be 80 m in the 6WMD with a common SD of 120 m. The final target sample size was a total of 84–100 participants with 25–28 patients with stroke and 56–75 healthy subjects when setting a power of 80%, a significance level of 0.05, and a ratio of 1:2–1:3 between the patient group with stroke and the healthy group (44, 45).

Ethical approval for this study was obtained from the Review Board of Ethics Committee of Huashan Hospital (the ethical approval documents were then submitted to all other centers, and all participating centers did not start the recruitment until each ethics application was approved) and registered at the Chinese Clinical Trial Registry (Chi-CTR-2000031379). Written informed consent was obtained from all participants before recruitment.



Data Collection

Participants were initially screened by an interview, then the information on demographic features (age, sex, height, and weight), degree of neurologic deficits, stroke history, and cognition was collected via a series of structured questionnaires. All recruited patients and healthy subjects underwent a single-time assessment of indicators related to CRF, including 6MWT, GS of left hand (GS-left), GS of right hand (GS-right), 10mWT, FTSST, FRT, mRS, waistline, and BBS. All assessments were performed by four well-trained physiotherapists, one in each research center (one of the therapists was responsible for data collection in two adjacent communities in Xiaoshan District, Hangzhou, China), according to the standardized evaluator manual.



6-Min Walk Test

The 6MWT (m) is a well-validated, easy-to-administer submaximal exercise test (46). The 6MWD assessed from 6MWT was used as the primary indicator of CRF in this study (16). Patients with stroke and healthy subjects were instructed to walk as far as possible along a 30-m, continuous track with a hard surface, turn around a marker cone, walk in the opposite direction, and repeat this loop during a 6-min period. The linear track had a long horizontal line at both ends, with a short horizontal line placed every 3 m along the course. Ankle braces, walkers, canes, and other assistive devices for walking were not used in our study because all patients had an Fugl-Meyer assessment (FMA) score of 100 (Figure 1A). Participants were permitted to rest during the test if they felt exhausted but were instructed to resume walking as soon as they could. Moreover, verbal encouragement was provided during the measurements every minute after each minute.


[image: Figure 1]
FIGURE 1. Measurement of indicators related to cardiorespiratory fitness (CRF). (A) 6-min walk test (6MWT). (B) Grip strength (GS) test. (C) 10-m walk test (10 mWT). (D) The five-times sit-to-stand test. (E) Functional reaching test (FRT). (F) Waistline measurement (circumference at the middle of the lower edge of the lower ribs and the iliac crests of the pelvis).




GS Test

Grip strength (kg) was measured using a hydraulic hand dynamometer (Jamar J00105, Exacta, North Coast Medical Inc., Gilroy, CA, USA) following a standardized measurement process according to a previous study (47). The participants were seated upright with their shoulder adducted and neutrally rotated, elbow flexed at 90°, forearm facing forward, and resting on an armrest. The participants were instructed to complete a 3-s maximal isometric handgrip effort three times, expressed as kilograms (Figure 1B). The average value of the three times on each side (GS-left and GS-right) was calculated and used in the analysis. Verbal encouragement was given to the subjects during the GS test. The average value of the three times on each side (GS-left and GS-right) was calculated and used in the analysis.



10-M Walk Test

The 10mWT was performed to obtain the maximal walking speed when the participants walked for the middle 10-m section of a 14-m straight corridor. The first 2 m and the last 2 m were used for acceleration and deceleration, respectively. According, timing started and stopped when the participant's first foot crossed the 2-m mark and the 12-m mark (Figure 1C). Encouragement was not given during the whole test (46). The walking speed was computed as the average velocity during the middle 10-m section (i.e., meters/second).



Five-Times Sit-to-Stand Test

The FTSST is a quick and convenient test to evaluate mainly the functional lower extremity strength and balance of an individual (48). The participants were seated with their arms folded across their chest, and with their hips and knees at approximately 90° and 105° of flexion, respectively, at the beginning of the test (Figure 1D). The time (in seconds) that participants complete five repetitions of the sit-to-stand maneuver from an armless chair at a maximum and safe speed is measured (49).



Functional Reaching Test

The FRT(s) was used to assess the limit of stability by measuring the maximum distance which the participants can reach forward while standing in a fixed position. The participants were required to stand next to but not touch a wall with their feet shoulder-width apart, and to position the arm at 90° of shoulder flexion with a closed fist (50). After recording the third metacarpal head as the first point on the yardstick, the assessors instructed the participants to reach forward as far as possible without taking a step and recorded the last point. The participants should maintain the shoulder height and the upper limb level for at least 5 s without losing balance (Figure 1E). The scores were noted as the difference in the distance between the first and last point. The test will be completed three times, and the average of the last two was determined as the limit of stability (51).



Berg Balance Scale

The BBS is a functional balance scale consisting of 14 functional balance tasks (52). It assessed both static balance and dynamic balance by asking the participants to perform a series of tasks in different postures (Figure 1F). Each item on the BBS scale was rated from 0 to 4, and the maximum score was 56. The intra- and inter-rater reliability, as well as sensitivity to change of BBS, were excellent, and this scale has been confirmed to be an effective way of balance measurement in patients with stroke (53).



Waistline Measurement

Previous studies have suggested the inverse relationship between waist circumference and CRF (54, 55). The subject was asked to remain in a standing position, after which the waist between the lowest rib edge and the iliac crest was measured. We used a flexible tape measure to measure the waist to the nearest 0.1 cm (54).



Statistical Analysis

Statistical analyses were conducted using SPSS 25.0 (IBM Corporation, Armonk, NY, USA). Continuous data are presented as the mean ± SD, and frequencies were calculated for categorical variables. The normality of data distribution and residuals from linear regressions were evaluated using the Shapiro–Wilk normality test. The differences between the groups were evaluated using the independent samples t-tests. Non-parametrical tests were conducted when the values did not follow a normal distribution. A correlation analysis between 6MWD and other indicators related to CRF was performed using the Pearson correlation analysis in both groups, respectively. We defined r > 0.6 as a strong correlation, 0.3 < r <0.6 as a moderate correlation, and r <0.3 as a weak correlation. All indicators, which demonstrated significant moderate or higher correlations (p < 0.01, r > 0.3) with 6WMD, were entered into stepwise multiple linear regression analysis to evaluate their potential values in predicting CRF as measured by 6MWD in each group. Multicollinearity (strong correlations among independent variables) was examined by collinearity diagnostic statistics. The value of p < 5% was considered significant in this study with symbols presenting as * for p < 0.05, ** for p < 0.01, and ***for p < 0.001.




RESULTS

Data from 30 patients with mild acute ischemic stroke [8F/22M, time since stroke onset = 8.2 ± 2.9 days, affected side: 14-left/7-right/9-bilateral, location of lesion: 13-cortical/7-subcortical/2-cerebellar/1-brainstem/7-multiple, NIHSS = 2.00 ± 1.82, MRS = 0.83 ± 0.38] and 71 healthy control subjects [38F/33M] were included for data analysis. All recruited participants successfully underwent the whole procedure of interview and assessment, and none of them withdrew from the study. The details of demographic and indicators related to CRF of patients with stroke and age- and GS-matched healthy subjects are displayed in Table 1 and Supplementary Figure S1.


Table 1. Demographic and clinical characteristics related to cardiorespiratory fitness (CRF) of the two groups.

[image: Table 1]


Group Comparisons Between Patients With Stroke and Healthy Subjects

As shown in Supplementary Figure S1, the group of patients with mild acute ischemic stroke and the healthy control group were matched in age, GS-left, and GS-right. The patient group showed significantly higher values of body mass index (BMI) (t = 3.190, p = 0.002) and waistline (t = 6.732, p < 0.001) than the healthy group. In addition, there were significant differences in FTSST, FRT, BBS, and 6WMD between the two groups. The stroke group had a significantly higher FTSST score (t = 8.679, p < 0.001), while it had a significantly lower score of FRT (t = 5.550, p < 0.001), BBS (t = 4.111, p < 0.001), and 6WMD (t = 3.190, p = 0.002). However, there was no statistical difference between the two groups in 10mWT (t = 2.230, p = 0.028).



Association Between 6MWD and Other CRF-Related Indicators
 
Mild Acute Ischemic Stroke Group

The results of Pearsons' Correlation Coefficient analysis between 6MWD and other variables related to CRF are shown as a correlation matrix in Figure 2. Significant positive correlations were found between 6MWD and GS-left (r = 0.573, p = 0.001), GS-right (r = 0.524, p = 0.003), 10mWT (r = 0.554, p = 0.001), and FRT (r = 0.449, p = 0.021), showing that better GS, 10mWT, and FRT correlated with a higher CRF as measured by 6MWT in the stroke group. In addition, a significant negative correlation was found between 6MWD and FTSST (r = −0.551, p = 0.002), suggesting that better functional lower extremity strength and balance were associated with a higher CRF. There were no correlations between 6MWD and other variables.


[image: Figure 2]
FIGURE 2. Correlation matrix of the stroke group. NIHSS, National Institutes of Health Stroke Scale; MRS, modified Rankin Scale; GS, grip strength; BMI, body mass index; FTSST, five-times sit-to-stand test; FRT, functional reaching test; BBS, Berg Balance Scale; 10mWT, 10-m walk test; 6MWD, 6-min walk distance.


Subsequently, these candidates' CRF-related indicators (GS-left, GS-right, 10mWT, and FTSST), which demonstrated significant moderate correlations (p < 0.01, r > 0.3) with 6WMD, were entered into stepwise multiple linear regression analysis. As illustrated in Table 2, two different models were generated, and GS-left was an independent predictor of the current CRF level as measured by 6MWT in both models. We chose the second model as the optimum model, which included two indicators and manifested as 6MWT = 438.230+3.825*GS-left-8.880*FTSST (r2 = 0.514) (Figure 4A).


Table 2. The result of multiple linear regression analysis coefficients in the stroke groupa.
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Healthy Control Group

The correlations between 6MWD and other CRF-related variables are shown as a correlation matrix in Figure 3. Significant positive correlations were found between 6MWD and waistline (r = 0.364, p = 0.001), 10mWT (r = 0.512, p = 0.003), FRT (r = 0.550, p < 0.001), and BBS (r = 0.248, p = 0.021), showing that larger waistline as well as better 10mWT, FRT, and BBS implied a higher CRF in healthy subjects. Similar to the stroke group, a significant negative correlation was found between 6MWD and FTSST (r = −0.573, p = 0.002) in the healthy control group. There were no correlations between 6MWD and other variables.


[image: Figure 3]
FIGURE 3. Correlation matrix of the healthy group. GS, grip strength; BMI, body mass index; FTSST, five-times sit-to-stand test; FRT, functional reaching test; BBS, Berg Balance Scale; 10mWT, 10-m walk test; 6MWD, 6-min walk distance.


Likewise, the candidate CRF-related indicators (waistline, 10mWT, FRT, and FTSST), which showed significant moderate correlations (p < 0.01, r > 0.3) with 6WMD, were entered into stepwise multiple linear regression analysis. As is shown in Table 3, three different models were generated. We chose the third model, which showed the largest r2 as the optimum model. It included three indicators and manifested as 6MWT = 429.645-19.409*FTSST+96.972*10mWT+2.25*FRT (r2 = 0.589) (Figure 4B).


Table 3. The result of multiple linear regression analysis coefficients in the healthy groupa.

[image: Table 3]


[image: Figure 4]
FIGURE 4. The optimum model for estimating CRF as measured by 6MWD using multiple linear regression analysis in both groups. (A) Mild acute ischemic stroke group and (B) healthy control group.






DISCUSSION

In this study, we performed a series of measurements related to CRF in a group of patients with mild ischemic stroke at the acute phase and a group of age- and GS-matched healthy subjects. To our knowledge, this is the first study looking into the status of the CRF level in patients with mild ischemic stroke at the acute phase. Overall, we made three levels of observation. First, we compared the demographic and clinical characteristics related to CRF between the two groups. The comparison results of CRF-related variables suggested that patients with mild ischemic stroke at the acute phase did show a lower level in CRF even though we only recruited patients with no evidence of neurologic deficits. Second, the correlation analysis showed that quite a few variables were significantly associated with CRF value as measured by 6MWT in both groups. We also found that the patient group with stroke and the healthy group demonstrated the two distinct patterns of a correlation matrix, implying that the different dimensions of CRF were distributed differently in each group. Third, a multilinear regression analysis demonstrated that GS-left and FTSST were the indicators of CRF in the patient group with stroke, while FTSST, 10mWT, and FRT can partially represent the CRF level in the healthy group.

In this study, the healthy group had significantly higher scores in FRT, BBS, and 6WMD, and a significantly lower FTSST than the patient group with stroke. These results have provided direct evidence to the viewpoint that the CRF level has already declined in patients with mild ischemic stroke within 2 weeks after stroke as we have set the 6MWD as the primary indicator of CRF. It is worth mentioning that we only recruited patients with stroke having the NHISS score ≤ 5 points and with mRS score <2 points, which indicated that they did not have apparent functional impairments. Because of this, the problem of CRF loss in these patients with mild stroke might be easily overlooked, thus we could hardly find any published literature reporting the data about the change of CRF in patients with mild stroke at the acute phase. In fact, the real difference of 6MWD between patients with mild ischemic stroke at the acute phase and healthy people should be slightly greater than the current difference in this study. This is because the participants in the two groups were matched for GS (both left and right). For the GS, the mean value in the stroke group was about 29 kg and the mean value in the healthy group was about 30 kg, both of which were slightly lower than the normal value of 60 years old (55, 56). Moreover, the average value of 6MWD in both groups was shorter than the reference value, which is more than 500 m for people around the age of 60 years old (57, 58). Thus, if this study recruited a group of healthy control naturally without considering the matching of GS, the difference of CRF level between patients with mild ischemic stroke at the acute phase and healthy control people should have been further expanded. All these analyses point to a reasonable speculation that the CRF level indeed significantly decreases in patients with mild ischemic stroke at the acute phase. Admittedly, this speculation should be verified by measuring VO2peck through CPET in further studies. Though the associations between 6MWD and VO2peak of patients with stroke range from 0.29 to 0.74, one meta-analyses including 13 studies involving 454 patients with stroke showed combined correlation coefficients for VO2peak and walking distance of 0.52 (95% credibility interval = 0.42, 0.62) (21). More importantly, previous studies have shown that the 6MWD was good related to VO2peak through a correlation analysis (5). In any case, the finding of the lower level of CRF in patients with mild ischemic stroke at the acute phase has meaningful clinical implications. It is known that walking disability (59), poor cognitive performance (60), and limitations in activities of daily living (5) may cause CRF reduction, which causes further deconditioning (61). Therefore, it is crucial to assess the CRF in patients with mild ischemic stroke early after stroke onset to develop appropriate therapeutic strategies to prevent CRF from decreasing or facilitate CRF recovery. Meanwhile, the underlying mechanism for the lower level of CRF shortly after stroke is worth digging out in future research.

Additional results of comparison between the groups are very intriguing as well. Previous studies showed that both waistline and BMI are the indicators of obesity, which is associated with an increased risk of ischemic stroke (62). In this study, the average waistline of patients with stroke was greater than healthy subjects, but the BMI of the two groups has no significant changes. This finding was consistent with previous research that waistline could act as a better predictor for obesity-related comorbidities than BMI (63). Thus, it would be important to control body weight and to monitor risk factors in overweight people to reduce the odds of stroke. Another interesting phenomenon was that there was no statistical difference between the two groups in 10mWT. Even though 10mWT is closely related to CRF in patients with subacute and chronic stroke (21), it focuses more on the explosive strength and motor control of the lower extremity. Because 10mWT has a relatively short distance (26), which means it might be difficult to push the exercise load to the cardiorespiratory limit in patients with mild ischemic stroke at the acute phase.

As for the results of a correlation analysis, our results showed that several variables related to CRF were associated with 6MWD in two groups, but the two groups demonstrated two distinct patterns of correlation matrix. Specifically, significant positive correlations were found between 6MWD and GS-left, GS-right, FRT, and 10mWT in the stroke group, and between 6MWD and waistline, 10mWT, FRT, and BBS in the healthy group. Moreover, a significant negative correlation was found between 6MWD and FTSST in both groups. This result once again suggested that all CRF-related variables selected in this study were closely related to the CRF level as measured by 6MWT. Whereas, the difference in a correlation matrix between the group implied that the different dimensions of CRF (i.e., strength, balance, endurance, etc.) were distributed differently in each group, and the ability of each variable to predict CRF was not the same in different groups of people.

Stepwise multiple linear regression analysis furthers revealed that GS-left and FTSST were associated with 6MWD in patients with mild ischemic stroke at the acute phase, while FTSST, 10mWT, and FRT were associated with 6MWD in healthy subjects. GS is commonly used as a simple, an inexpensive, and a useful indicator of muscular fitness. But so far, few studies have investigated its value in predicting CRF (12). Although both GS-left and GS-right were correlated with 6MWD in patients with stroke, only GS-left was selected into the optimum model for estimating CRF after multiple linear regression analyses. These findings confirm GS-left as a potential indicator of CRF of patients with stroke. In other words, for the patients who cannot perform CPET or 6MWT, GS-left is an easy-to-use alternative way to evaluate their CRF. For the human, handedness can affect brain functional and structural organizations (64, 65). In this study, all patients with stroke were right-handed. We speculate that the GS-right is largely affected by the frequency and intensity of individual use in life and work. The use frequency and intensity of the left hand are closer to the lower limb, trunk, cardiopulmonary system, or other tissues and organs of the body, so GS-left might better represent the level of CRF in patients with mild ischemic stroke at the acute phase. More work is needed to explore the mechanisms underlying this phenomenon. In our study, there was no significant correlation between GS and CRF in the healthy group. This result is inconsistent with a previous study, which found that GS on the dominant side could moderately reflect CRF levels in healthy young adults (12). The inconsistencies between our results and this previous study might be explained by the reason that VO2peak was used as the index for CRF, while we used 6MWT. In future studies, we should use VO2peak to further verify the relationship between CRF and GS.

The FTSST, which is a valid measure of balance performance in people with stroke (66), was longer in the patient group than the healthy group in our study. Combined with the result that FTSST could reflect the CRF level in both groups, we suppose that the lower level of CRF in the stroke group might be related to impaired balance ability in patients though they could move without restraint. Also, other indicators related to CRF, including FRT and BBS were worse in patients with stroke. FRT and BBS are widely used as assessment tools for both static and dynamic balance in clinical settings (67). The balance represents the ability to control the center of mass concerning the base of support (68). It is well-known that many factors could influence human balance, such as central (69), sensory input, muscle strength, and range of motion. The findings of this study mean that balance plays an important role in a 6WMT for both patients with stroke and healthy subjects. At the same time, FTSST and FRT may share a much closer relationship to 6MWT than BBS. In addition, GS was also found to correlate significantly with lower limb gait and balance measures in a previous study (70), which indicated a potential relationship between upper and lower extremities.

Several limitations exist in our study. First, the sample size of the stroke group was relatively small. Future studies with larger sample sizes are necessary to confirm the findings of this study. Second, we focus only on patients with ischemic stroke at the acute phase with an intact function (mRS <2). In future studies, subjects with different levels of functional status should be recruited and studied. In addition, future studies are needed to verify our findings using CPET as the gold standard for CRF measurement.



CONCLUSIONS

Returning to the question posed at the beginning of this study, it is now possible to state that the CRF is impaired in patients with mild ischemic stroke at the acute phase. Moreover, GS-left has a positive relationship with CRF measured by 6WMD and may be a complementary method for CPET to assess CRF in patients with stroke.
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