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Introduction: The modified Rankin Scale (mRS) and Barthel Index (BI) are widely used to measure functional outcomes worldwide. The Longshi Scale (LS), a novel pictorial-based instrument, was designed to improve the simplicity and convenience of measuring functional outcomes in the Chinese context. However, the disagreements in functional outcomes assessed by the mRS, BI, and LS are misleading, particularly in stroke patients. This study aimed to identify the optimal cutoff scores of LS and BI according to the mRS in Chinese stroke patients with different levels of functional disability.

Methods: The mRS, BI, and LS were applied to evaluate functional independence and disability in 7364 stroke patients in a multi-center cross-sectional study. Stroke patients were categorized into bedridden, domestic, and community groups in advance using the LS, indicating severe, moderate, and mild functional disability, respectively. The optimal cut-off scores of the LS and BI according to the mRS were identified via sensitivity, specificity, and Youden's index and stratified by different levels of functional disability determined by LS. We also plotted the receiver operator characteristic (ROC) curves of sensitivity and specificity and determined the area under the curve (AUC).

Results: In the bedridden group, LS and BI cutoff scores with the highest Youden's index were 5 and 10 for mRS 4, and the AUCs for the ROC curve were 0.848 and 0.863 for mRS 4. In the domestic group, LS and BI cutoff scores with the highest Youden's index were 5 and 65 for mRS 3, and the AUCs for the ROC curve were 0.796 and 0.826 for mRS 3. In the community group, LS cutoff scores with the highest sum of sensitivity and specificity were 9, 9, and 8 for mRS grades 0, 1, and 2, respectively, while the BI cutoff scores with the highest sum of sensitivity and specificity were 100, 100, and 95, respectively, while the AUCs for the ROC curve were 0.697 and 0.735 for mRS 2, 0.694 and 0.716 for mRS 1, and 0.628, and 0.660 for mRS 0.

Conclusions: The mRS is more precise to determine mild functional disability, whereas BI can provide more specific information on moderate and severe levels in stroke patients. Although LS was a less precise was to determine moderate and severe levels than BI, it is much simpler and more convenient to be applied to a large-scale population.
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INTRODUCTION

Stroke leads to a range of unfavorable functional outcomes (1). Improving the post-stroke disability and functional independence has been the core rehabilitation content among stroke patients (2). Appropriate assessment of functional outcomes is beneficial to provide individualized rehabilitation treatment and evaluate the corresponding therapeutic effect (2). The modified Rankin Scale (mRS) and Barthel Index (BI) are the most widely used assessment tools for functional outcomes in stroke patients (3).

The mRS defines seven grades of functional disability, from 0 indicating “no symptoms at all” to 6 indicating “death” (4, 5). The BI consists of 10 items, including bowel control, bladder control, grooming, toilet use, feeding, transfers (bed to chair and back), mobility (on level surfaces), dressing, stairs, and bathing (6). Accumulative studies have indicated that the mRS and BI had excellent reliability, adequate validity, and responsiveness, which are recommended as the primary tools to explain the functional outcome of stroke survivors (6–9). However, some limitations of the mRS and BI quantified when implemented in the clinical rehabilitation field have been identified. For example, a previous systematic review indicated that the BI score is linear ranging from 0–100, its subtle fluctuation is not of clinical significance and is difficult to interpret (7, 10). Additionally, the mRS and BI focus on the assessment of body function and activity; however, they are limited in assessing family and social participation ability (11), which is one of three components in the international framework for classifying functional disability (12). These findings suggest that the functional assessment scales considering participation ability are necessary.

The LS, a novel pictorial-based tool for assessing functional outcomes in the Chinese context, was developed based on a survey involving 1,862 patients with physical disabilities in 2013 (13). It consists of 27 pictorial-based items and can appropriately categorize participants into bedridden, domestic, and community groups. Importantly, the LS extended to consider the functions of family and social participation in the aspect of assessment items. Similarly, the LS has shown good validity and reliability in a psychometric properties survey involving 869 inpatients with functional disability (13). The LS is now recommended as one of the Chinese National Standards (license code: GB/T 37103-2018) to assess functional independence and disability (14).

The difference in assessing functional outcomes via the mRS, BI, and LS remains unclear, particularly in Chinese stroke patients. A previous study involving 5,475 acute stroke patients has indicated that the LS was significantly associated with the mRS and BI; however, participants did not include patients with other stroke subtypes, including subacute and chronic stroke (12). Moreover, the previous study did not consider the potential ceiling effect or floor effect of these scales, which might lead to insensitive evaluations in stroke patients with different severities. The purpose of this study was to investigate the relationship of mRS, BI, and LS, and to determine the optimal cutoff of LS and BI scores according to mRS grades in stroke patients with different durations and different severities.



MATERIALS AND METHODS


Study Design

This study was a multi-center and cross-sectional study.



Setting

This study was conducted in the departments of rehabilitation medicine of 103 hospitals located in 23 cities of China from September 2018 to April 2020.



Participants

Originally, the study recruited 15,205 consecutive inpatients from the Department of Rehabilitation Medicine. Of them, 7,364 stroke patients with a duration from 1 to 45 months were selected for further analysis. The diagnosis of stroke was based on the 10 th revision of the International Classification of Diseases (I60.x and I61.x for the hemorrhagic subtype; H34.1, I63.x, and I64.x for the ischemic subtype) (15). Stroke patients who could not read and answer questions and suffered from deformities, mental illnesses, aphasia, and cognitive dysfunction were excluded. Furthermore, stroke patients with a Mini-Mental State Examination (MMSE) score <27 were also excluded (16). The potential reason is that patients with MMSE scores <27 have difficulty in recognizing the pictorial-based items of the LS. Additionally, patients who participated in other clinical studies simultaneously were excluded.



Data Collection

Questionnaires were used to collect patients' sociodemographic data. Functional independence and disability were assessed by registered physicians or therapists using the Quicker Recovery Line (QRL) platform (17), a rehabilitation evaluation and management system. First, a professional logged in to the QRL application and asked patients to sign an informed consent form. Second, the LS, BI, and mRS were randomly assigned to physicians and therapists based on the QRL system. Lastly, the physicians and therapists received the assigned scales and were required to finish the assessment tasks within 15 days. LS, BI, and mRS were evaluated by interviewing patients face-to-face. All data were recorded on electronic forms and uploaded to the QRL online system. Missing information was handled by requesting that the practitioner re-interview the participant.



Outcome Measurement

LS was a pictorial-based scale originally designed by the Rehabilitation Department of Shenzhen Second People's Hospital to assess activities of daily living (ADL) in patients with functional disabilities. The LS measurement protocol has been previously outlined in detail (13). The LS assessment consisted of the following steps: first, all participants were assigned to the bedridden, domestic, or community groups depending on their ability to get out of the bed, go outdoors, and return indoors. Individuals in the bedridden group were defined as one who is unable to get out of bed independently. Individuals in the domestic group were defined as one who is able to get out of the bed independently but unable to go outdoors independently with or without an assistive device. Individuals in the community group were defined as one who can go outdoors independently with or without an assistive device. The categorization was based on the patient's transfer ability and mobility scope, rather than the ability to perform ADL; second, patients in each group were evaluated using a 3-point Likert subscale, specifically: (1) bedridden group subscale (including bladder and bowel management, feeding, and leisure activities); (2) domestic group subscale (including toileting, grooming, and housework), and (3) community group subscale (including community mobility, shopping, and social participation). Finally, the total score of each subscale was calculated (13).

The BI includes 10 aspects of ADL and shows high reliability and validity in the Chinese population: (1) feeding; (2) moving from wheelchair to the bed and back to wheelchair; (3) personal toilet; (4) getting on and off the toilet; (5) self-bathing; (6) walking on level surface; (7) ascending and descending stairs; 8) dressing; (9) controlling bowel movements; and (10) bladder control. Items 8 and 9 included four levels and were marked as 15, 10, 5, and 0 based on the independence of ADL: items 1, 4–7, and 10 included three levels and were marked as 10, 5, and 0, while items 2 and 3 only included two levels and were marked as 5 and 0, respectively. The total score ranged 0-100, with a higher score indicating a higher functional ability (18).

The mRS defined six different grades of disability from 0 (no symptoms) to 6 (death); however, in this study, mRS 6 was not included, because dead patients were unavailable to undergo LS and BI evaluation. All scales were assessed by interviewing patients face-to-face (3).



Data Analysis

Statistical analyses were conducted using SPSS (version 22.0; IBM Corp., Armonk, NY, USA). Demographic characteristics are presented as numbers (%). Demographic characteristics included age, gender, ethnicity (Han and Minority), marital status (married, unmarried, divorced, and widowed), living status (living alone, living with family, living with tender, living in nursing institution, and other), annual household income (−50,000, 50,000–100,000, 100,000–150,000, and >150,000 yuan), education level (primary and lower, high school, college, and higher), hospital style (provincial, prefecture, country, and community-level), and hospital level (primary, secondary, and tertiary). Religion and retirement were coded as “yes” and “no”. All data analyses were performed separately in bedridden, domestic, and community groups. Since the LS is a classification scale, it contains three 3-point Likert subscales, which are suitable for assessing severe, moderate, and mild impairment, respectively.

Boxplots were constructed to show the distribution of BI, LS, and mRS scores in the three groups. Sensitivity, specificity, and Youden's index of LS and BI scores for the mRS grades were calculated. The sensitivity and specificity of a scale depend on the level chosen as the cutoff point for favorable (negative or normal) and unfavorable (positive or abnormal) conditions (19). In this study, outcomes were divided into favorable and unfavorable groups using different mRS grades to obtain the corresponding LS and BI scores. For example, to calculate corresponding BI scores for mRS grade 1, mRS 0 or 1 were set as favorable outcomes, and mRS 2 to 5 were set as unfavorable outcomes. Sensitivity was defined as the proportion of cases that were greater or equal to the LS or BI cutoff score among favorable outcomes. Specificity was defined as the proportion of cases that were below the LS or BI cutoff scores among unfavorable outcomes. Youden's index was defined as the sum of sensitivity and specificity −1.

The curve of receiver operating characteristic (ROC) is widely accepted as a method for selecting an optimal cutoff point for a scale and for comparing the accuracy of different scales (12, 19, 20). The curve was generated by plotting the sensitivity of all possible cutoff points for the scale on the y-axis as a function of 1-specificity on the x-axis. The area under the ROC curve provides a measure of the overall performance of a scale. The area under the curve (AUC) reflects the extent to which the scale distinguishes between favorable and unfavorable outcomes. The AUC serves as a single measure, independent of prevalence, that summarizes the discrimination ability of a scale across the full range of cutoffs. The greater the AUC, the better the scale. A perfect scale will have an AUC of 1.0, while a completely inadequate scale (one whose curve falls on the diagonal line) has an AUC of 0.5 (19).




RESULTS


Characteristics of Participants

A total of 7364 stroke patients aged 67.4 ± 14.48 years were included in this study. The study process is illustrated in Figure 1. Participants' characteristics in the bedridden, domestic, and community groups are summarized in Table 1. The majority of subjects were men (n = 4,457, 60.5%), Han ethnicity (n = 7,345, 99.7%), had a high school educational level (n = 5,994, 81.4%), were non-religious (n = 6,911, 92.5%), and lived with family (n = 5,347, 72.6%). Among all the participants, 4,079 (55.4%), 2,082 (28.3%), and 1,203 (16.3%) stroke patients were classified into the bedridden, domestic, and community groups, respectively. In the bedridden group, 23 (0.3%), 22 (0.3%), 93 (1.3%), 131 (1.8%), 2,184 (29.7%), and 1,626 (22.1%) participants scored 0, 1, 2, 3, 4, and 5, respectively. In the domestic group, 15 (0.2%), 123 (1.7%), 285 (3.9%), 787 (10.7%), 782 (10.6%), and 90 (4.3%) participants had mRS scores of 0, 1, 2, 3, 4, and 5, respectively. In the community group, 63 (0.9%), 484 (6.6%), 334 (4.5%), 215 (2.9%), 51 (0.7%), and 56 (0.8%) participants scored 0, 1, 2, 3, 4, and 5, respectively.


[image: Figure 1]
FIGURE 1. Flow chart of study process.



Table 1. The sociodemographic characteristics of surveyed stroke patients.
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Scores of LS, BI, and mRS in Different Groups

The distributions of LS, BI, and mRS scores in the bedridden, domestic, and community groups are presented as boxplots in Figure 2. For BI, the score range was wide in the bedridden and domestic groups, and varied between 0 and 85, and 0 and 100, respectively (Figure 2A). Similarly, for LS, the score range was wide in these groups, and varied between 0 and 9 (Figure 2B). In contrast, the range of mRS scores was wide in the community group and varied between 0 and 5 (Figure 2C).


[image: Figure 2]
FIGURE 2. Distribution of BI scores (A), LS scores (B), and mRS scores (C) in the bedridden group, domestic group and community group. BI, Barthel Index; LS, Longshi Scale; mRS, modified Rankin Scale.




Sensitivity and Specificity of LS and BI Corresponding to mRS Grades

The sensitivity, specificity, and Youden's index for the cutoff scores of LS and BI in relation to mRS grades were calculated (see Table 2). For mRS 0, the optimal cutoff score for BI was 100, with a sensitivity and specificity of 74.6% and 52.6%, respectively. For mRS 1, the BI score with the highest sum of sensitivity and specificity was 100, with a sensitivity and specificity of 68.9% and 68.0%, respectively. For mRS 2, the BI score with the highest sum of sensitivity and specificity was 95, with a sensitivity of 76.7% and a specificity of 62.1%. For mRS 3, the BI score with the highest sum of sensitivity and specificity was 65, with a sensitivity of 76.9% and a specificity of 73.5%. For mRS 4, the BI score with the highest sum of sensitivity and specificity was 10, with a sensitivity of 85.1% and a specificity of 78.1%.


Table 2. Sensitivity, specificity, and Youden's index for LS and BI cutoff scores corresponding to mRS grades*.

[image: Table 2]

For mRS 0, the optimal cutoff score for LS was 9, with a sensitivity of 79.4% and a specificity of 41.7%. For mRS 1, the LS score with the highest sum of sensitivity and specificity was 9, with a sensitivity of 78.2% and a specificity of 56.2%. For mRS 2, the LS score with the highest sum of sensitivity and specificity was 8, with a sensitivity of 77.8% and a specificity of 43.8%. For mRS 3, the LS score with the highest sum of sensitivity and specificity was 5, with a sensitivity of 74.0% and a specificity of 74.7%. For mRS 4, the LS score with the highest sum of sensitivity and specificity was 5, with a sensitivity of 79.7% and a specificity of 81.8%.

From the results, we found that the score range and Youden's index increased by mRS grades both in LS and BI, which indicated that LS and BI sensitively differentiated moderate and severe patients, while the mRS was better for assessing mild functional disability in stroke patients.



Optimal Cutoff Scores of LS and BI Corresponding to mRS Grades

Based on sensitivity and specificity, the AUCs were computed for LS and BI in the bedridden, domestic, and community groups (Table 3). The curves for each group are presented in Figures 3–5. In the bedridden group, the maximal AUCs for the LS and BI cutoff scores were 0.848 (95% CI, 0.835–0.860) and 0.863 (95% CI, 0.851–0.875) in mRS 4 (see Figure 3E). In the domestic group, the maximal AUCs for the LS and BI cutoff scores were 0.796 (95% CI, 0.776–0.815) and 0.826 (95% CI, 0.808–0.843) in mRS 3 (see Figure 4D). In the community group, the maximal AUCs for the LS and BI cutoff scores were 0.697 (95% CI, 0.663–0.733) and 0.735 (95% CI, 0.701–0.768) in mRS 4 (Figure 5C). Based on the results, we recommend using these cutoff scores to define and interpret outcomes in stroke patients with different levels of severity.


Table 3. Area under the curve (AUC) of the LS and BI cutoff scores corresponding to mRS grades*.
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FIGURE 3. ROC curves of LS and BI cutoff scores corresponding to mRS grades in the bedridden group. LS, Longshi Scale; BI, Barthel Index; mRS, modified Rankin Scale; ROC, Receiver Operating Characteristic; AUC, Area Under Curve; CI, Confidence Interval. (A) ROC curves for LS and BI cutoff scores in mRS 0. Optimal cutoff score: 4 and 5; Sensitivity: 64.5 and 64.5%; specificity: 34.3 and 34.7%; AUC: 0.484 and 0.534, respectively. (B) ROC curves for LS and BI cutoff scores in mRS 1. Optimal cutoff score: 4 and 30; Sensitivity: 64.4 and 46.7%; specificity: 44.9 and 68.5%; AUC: 0.529 and 0.587, respectively. (C) ROC curves for LS and BI cutoff scores in mRS 2. Optimal cutoff score: 4 and 50; Sensitivity: 72.5 and 17.4%; specificity: 34.6 and 91.5%; AUC: 0.525 and 0.556, respectively. (D) ROC curves for LS and BI cutoff scores in mRS 3. Optimal cutoff score: 5 and 35; Sensitivity: 72.1 and 49.1%; specificity: 46.0 and 76.6%; AUC: 0.613 and 0.666, respectively. (E) ROC curves for LS and BI cutoff scores in mRS 4. Optimal cutoff score: 5 and 10; Sensitivity: 79.7 and 85.1%; specificity: 81.8 and 78.1%; AUC: 0.848 and 0.863, respectively.



[image: Figure 4]
FIGURE 4. ROC curves of LS and BI cutoff scores corresponding to mRS grades in the domestic group. LS, Longshi Scale; BI, Barthel Index Scale; mRS, modified Rankin Scale; ROC, Receiver Operating Characteristic; AUC, Area Under Curve; CI, Confidence Interval. (A) ROC curves for LS and BI cutoff scores in mRS 0. Optimal cutoff score: 6 and 70; Sensitivity: 60.0 and 73.3%; specificity: 62.8 and 55.6%; AUC: 0.628 and 0.677, respectively. (B) ROC curves for LS and BI cutoff scores in mRS 1. Optimal cutoff score: 7 and 70; Sensitivity: 62.3 and 84.8%; specificity: 82.7 and 58.3%; AUC: 0.785 and 0.784, respectively. (C) ROC curves for LS and BI cutoff scores in mRS 2. Optimal cutoff score: 6 and 80; Sensitivity: 67.8 and 54.6%; specificity: 70.5% and 80.4%; AUC: 0.746 and 0.737, respectively. (D) ROC curves for LS and BI cutoff scores in mRS 3. Optimal cutoff score: 5 and 65; Sensitivity: 74.0 and 76.9%; specificity: 74.7 and 73.5%; AUC: 0.796 and 0.826, respectively. (E) ROC curves for LS and BI cutoff scores in mRS 4. Optimal cutoff score: 8 and 65; Sensitivity: 10.6 and 94.4%; specificity: 56.6 and 62.2%; AUC: 0.498 and 0.599, respectively.
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FIGURE 5. ROC curves of LS and BI cutoff scores corresponding to mRS grades in the community group. LS, Longshi Scale; BI, Barthel Index Scale; mRS, modified Rankin Scale; ROC, Receiver Operating Characteristic; AUC, Area Under Curve; CI, Confidence Interval. (A) ROC curves for LS and BI cutoff scores in mRS 0. Optimal cutoff score: 9 and 100; Sensitivity: 93.7 and 74.6%; specificity: 32.7 and 52.6%; AUC: 0.628 and 0.660, respectively. (B) ROC curves for LS and BI cutoff scores in mRS 1. Optimal cutoff score: 9 and 100; Sensitivity: 78.2 and 68.9%; specificity: 56.2 and 68.0%; AUC: 0.694 and 0.716, respectively. (C) ROC curves for LS and BI cutoff scores in mRS 2. Optimal cutoff score: 8 and 95; Sensitivity: 77.8 and 76.7%; specificity: 43.8 and 62.1%; AUC: 0.697 and 0.735, respectively. (D) ROC curves for LS and BI cutoff scores in mRS 3. Optimal cutoff score: 9 and 75; Sensitivity: 61.3 and 94.4%; specificity: 59.8 and 27.1%; AUC: 0.628 and 0.618, respectively. (E) ROC curves for LS and BI cutoff scores in mRS 4. Optimal cutoff score: 9 and 100; Sensitivity: 59.8 and 48.9%; specificity: 48.2 and 53.6%; AUC: 0.516 and 0.502, respectively.





DISCUSSION

In this study, we divided stroke patients into three groups based on their transfer ability and mobility scope. Then, we analyzed the optimal cutoff scores for LS and BI corresponding to mRS grades in different groups. In the bedridden group, LS and BI cutoff scores were 5 and 10 for the mRS 4. In the domestic group, LS and BI cutoff scores were 5 and 65 for the mRS 3. In the community group, LS cutoff scores were 9, 9, and 8 for mRS grades 0, 1, and 2, respectively, while BI cutoff scores were 100, 100, and 95, respectively. These results may help clinicians in designing clinical trials, and interpreting treatment outcomes in stroke trials. For instance, the change in LS, BI, and mRS categories indicated clinically meaningful improvement in ADL in stroke patients (2). Thus, academics can estimate whether the score change in a group is associated with the intervention effect.

The mRS and BI have been compared extensively in stroke trials. However, there is little consensus on the optimal implementation of the BI and mRS as outcome measure in stroke trials. Most existing stroke trials have defined favorable outcomes (negative or normal) with mRS ≦ 2 (2, 21, 22). Hacke et al. have reported that mRS ≦ 2 and BI ≧ 75 could be used to determine favorable or unfavorable outcomes of stroke trials (sensitivity: 75.0%; specificity: 97.8%) (23). However, Maarten et al. found mRS ≦ 2 and BI ≧ 90 to be the optimal cutoff score to determine favorable or unfavorable outcome (sensitivity: 90.7%, specificity: 88.1%) (24). Another study of 5,759 stroke patients in Korea found the optimal cutoff scores of the modified BI to be 98 (sensitivity: 90.4%; specificity 83.8%) and 94 (sensitivity: 88.5%; specificity: 93.7%) for mRS 1 and 2, respectively (2). Our previous study found the optimal cutoff points of BI to be 100 (sensitivity: 100%; specificity 95.3%) and 100 (sensitivity: 98.1%; specificity 100%) corresponding to the adjusted mRS 1 and 2, respectively (4). Based on this study, mRS grade 2 was classified as the community group, and the corresponding cutoff scores were LS ≧ 8 and BI ≧ 95; therefore, community groups may be used with corresponding cutoff scores of LS and BI to determine favorable or unfavorable outcomes of stroke trials.

In this study, we found that LS and BI cutoff score ranges were variable for each mRS grade. The mRS grades 0, 1, and 2 exhibited a narrow range of LS and BI scores, while mRS grades 3 and 4 demonstrated a broad score range. The LS cutoff scores for mRS 0, 1, and 2 were 9, 9 and 8. The BI cutoff scores were 100, 100, and 95 for mRS scores of 0, 1, and 2, respectively. These cutoff scores were near the maximum, indicating the ceiling effect of LS and BI. The ceiling effect is commonly observed in BI (25). However, this is the first report of ceiling effects in LS. In reality, both LS and BI focus on basic ADLs and lack information on many instrumental ADLs. Thus, many tasks not measured by LS or BI might play crucial roles in disability after stroke. The BI score 100 or LS score 9 do not mean that a patient is able to perform advanced ADLs independently. These results suggest that both LS and BI may not be sensitive tools for assessing functional independence and disability in patients with mild stroke.

The instruments for distinguishing outcomes with better and worse screening values are also vital interpretation criteria. Based on our results, we found that BI had higher sensitivity, specificity, and AUCs than LS, corresponding to mRS grades. BI reflected better validity and reliability than LS in stroke patients, which could be available for clinical diagnosis and intervention evaluation in stroke trials. However, LS is simple, time-saving, and easy to understand with vivid pictures, and is more suitable to screen patients with moderate or severe functional disabilities on a large scale. Moreover, a previous study showed that LS could be used by non-professionals who had minimal training to assess ADLs of functionally disabled patients (13). Considering the characteristics of LS, it can be used for disability screening in rural areas with insufficient healthcare professionals.

In this study, we used the mRS as a reference to dichotomize the LS and BI, which were used to assess functional independence and disability. LS is a novel, picture-based scale that has been developed and widely used in China (26). Although the LS is simple, easy to use, and has good inter-rater and intra-rater reliability (ICC > 0.8) (13), it is not used globally. The BI is an ordinal and non-continuous scale with a larger score range, facilitating the selection of cutoff scores compared with mRS (27). The mRS is a clinically relevant scale, with six different clear and well-defined grades. It is also proven to have acceptable reliability and is correlated with the BI (4). Compared with BI, mRS has fewer variations in stroke trials (28, 29). Thus, it is suitable to use mRS cutoff scores as a reference to distinguish between favorable and unfavorable outcomes.

Our study has the following limitations. The sampling method was non-random and included hospitals that collaborated with our departments. However, the larger sample size from multi-centers might decrease the bias caused by the non-random sampling methods. Also, we only selected stroke patients in the Chinese population; therefore, our results may not be applicable to other national populations. Data was collected by the online system and required estimators to finish assessment tasks within 15 days and this increased interval may result in function change. Thus, we invited experienced investigators to assess LS, BI, and mRS randomly to reduce measurement bias as much as possible. Additionally, our study included both first and recurrent stroke patients, and it may not be possible to differentiate between pre- or post-stroke disability or to standardize the frequency or duration of stroke incidence, which might affect the assessment results. Thus, long-term prospective studies are needed to identify the differences between these aspects to provide improved intervention strategies. Finally, patients with mental illnesses, cognitive dysfunction, and aphasia were excluded from the study, since they had difficulty in completing the assessment, which could lead to a selection bias. In the future, we plan to explore the consistency between the assessment results of caregivers and patients to expand the application scenarios of these scales.



CONCLUSIONS

The measurement capacities of LS, BI, and mRS for measuring the functional outcomes in stroke patients are different. The mRS is more sensitive in differentiating mild disability among stroke survivors, while LS and BI are more sensitive in differentiating moderate and severe stroke patients. LS is simpler and more concise, but less precise, than BI, and it seemed to be suitable for screening patients with moderate and severe functional disability. The BI can provide more specific information about ADLs, which are available for clinical diagnosis and intervention evaluation in stroke trials.
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