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Abstract
Aphasia shows high incidence in stroke patients and seriously impairs language comprehension, verbal communication, and social
activities. Therefore, screening aphasic patients during the acute phase of stroke is crucial for language recovery and rehabilitation.
The present study developed a Chinese version of the Language Screening Test (CLAST) and validated it in post-stroke patients.
The CLAST was adapted from the Language Screening Test developed by Constance et al to incorporate Chinese cultural and

linguistic specificities, and administered to 207 acute stroke patients and 89 stabilized aphasic or non-aphasic patients. Based on the
Western Aphasia Battery (WAB) test, its reliability and validity were assessed. A cut-off for the CLAST in Chinese patients was
determined by ROC curve analysis.
The CLAST comprised 5 subtests and 15 items, including 2 subscores, namely expression (8 points, assessing naming, repetition,

and automatic speech) and receptive (7 points maximum, evaluating picture recognition, and verbal instructions) indexes. Analysis of
the alternate-form reliability of the questionnaire showed a retest correlation coefficient of 0.945 (P< .001). Intraclass correlation
coefficients of three rating teams were >0.98 (P< .001). Internal consistency analysis showed a Cronbach’s alpha coefficient of
0.909 (P< .001). The non-aphasia group showed higher scores than the aphasia group (14.2±1.3 vs 10.6±3.8) (P< .01). The
questionnaire showed good construct validity by factor analysis. ROC curve analysis showed high sensitivity and specificity for the
CLAST, with a cut-off of 13.5.
The CLAST is suitable for Chinese post-stroke patients during the acute phase, with high reliability, validity, sensitivity, and

specificity.

Abbreviations: ABC = Aphasia Battery of Chinese, BDAE = Boston Diagnostic Aphasia Evaluation, CLAST = Chinese version of
the Language Screening Test, ICCs = Intraclass correlation coefficients, KMO = Kaiser–Meyer–Olkin, LAST = Language Screening
Test, MoCA = Montreal Cognitive Assessment., NIHSS = National Institutes of Health Stroke Scale, ROC = receiver operating
characteristic, WAB = Western Aphasia Battery.
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1. Introduction

Stroke has a high incidence in middle-aged and elderly
individuals.[1–3] Due to stroke-induced damage to specific brain
regions, about 15% to 38%of post-stroke cases are accompanied
by aphasia,[4–7] an ailment that greatly impairs language
comprehension, verbal communication, and social activities.[7–
9] Aphasic patients have difficulties in recognizing and applying
communication symbols without developing consciousness
disorders, loss of senses (hearing or vision), ataxia, and muscle
paralysis associated with pronunciation. Multiple aphasic
individuals experience, even in the mildest disease form, severe
social deficits.[10] Post-stroke aphasia considerably impacts
personal and public life in patients, and gravely increases
healthcare expenditures.[1,11,12] Therefore, early detection of
stroke-induced aphasia and prompt intervention are extremely
important. Studies have reported that intensive language therapy
administered at the early stage may improve neurological
function and increase the language recovery rate.[13–16] Mean-
while, recent findings indicate that during the acute-stroke phase,
tools capable of identifying aphasia and assessing its severity
could facilitate early rehabilitation and improve the prognosis of
aphasic patients.[17,18]

For detecting post-stroke aphasia, an essential step consists of
screening the patients before a comprehensive assessment of
language ability. In China, despite the growing incidence of
cerebral stroke in the population,[2] screening of aphasic patients
is rarely researched, and few convenient and reliable screening
scales are available. In addition, commonly used scales for
diagnosing aphasia, including the Western Aphasia Battery
(WAB), Boston Diagnostic Aphasia Evaluation (BDAE), and
Aphasia Battery of Chinese (ABC), are comprehensive, time
consuming and complex.[19,20] These scales involve speech
assistance and language therapists, and are unsuitable for
screening acute stroke patients at an early stage. Therefore, it
is important to develop novel and efficient scales for detecting
aphasia in acute stroke patients.
Constance and collaborators designed a brief language

screening scale, termed the Language Screening Test (LAST),
for evaluating patients with acute stroke,[18] which is easy to
administer during the acute-stroke phase.We hypothesized that a
Chinese version of the LAST will be efficient in detecting aphasia
in Chinese stroke patients at an early stage. Therefore, the present
study adapted the LAST to incorporate specificities of the Chinese
language and culture, and developed a Chinese version of the
Language Screening Test (CLAST).
2. Methods

2.1. Subjects

The patients were recruited in the Department of Neurology of
the Affiliated Union Hospital, Fujian Medical University, from
January to April 2018. Inclusion criteria for acute patients were:
1.
 early stage of stroke onset (within 48h);

2.
 age over 45 years;

3.
 MRI-confirmed stroke;

4.
 Chinese Han nationality;

5.
 ability to understand and speak mandarin prior to stroke

onset.

During the same period, “stable” stroke patients (not in the
acute phase) were enrolled in the Department of Neurology, who
2

were 7 days after stroke onset and were able to complete the
entire WAB test. These patients were then classified as aphasic or
non-aphasic according to WAB test results.
Exclusion criteria were:
1.
 dementia or serious psychiatric disorders;

2.
 loss of hearing or eyesight;

3.
 altered consciousness;

4.
 non-native mandarin speaker;

5.
 unwillingness to cooperate.

The demographic data of all patients were sorted, and the
National Institutes of Health Stroke Scale (NIHSS) scores of
“acute” stroke patients were recorded. Informed consent was
obtained from all participants in this study approved by the
Ethics Committee of the Affiliated Union Hospital of Fujian
Medical University.
2.2. Instruments

The present study employed two scales for patient assessment,
including the WAB test and CLAST. The former is a standard
aphasia scale currently employed for comprehensive aphasia
evaluation in China. It evaluates several linguistic skills, including
spontaneous speech, repeat, and naming.[21] The latter is
composed of 5 subtests and a total of 15 items, including 2
subscores (an expression index with a score of 8, and a receptive
index with a score of 7).
2.3. Development of the CLAST

The LAST is not copyrighted and free to use. We obtained
authorization from Professor Constance (Service de Neurologie,
Centre Hospitalo-Universitaire de Bicêtre), and made necessary
changes to produce CLAST. In brief, two neurologists first
translated the LAST into Chinese independently, and a reconciled
version was summarized and modified by consensus. Then, an
English teacher unaware of the original English LAST back-
translated the reconciled version into English to assess consisten-
cy between the two versions. Next, the CLAST was modified
according to the Chinese culture and linguistic specificities, for
example, replacement of uncommon objectives by those familiar
to Chinese patients and application of Chinese tongue twisters
instead of English rhyming sentences. And the CLAST was
revised based on comments provided by 7 neurologists (4 and 3
with senior and intermediate titles, respectively), who were
invited to proofread the scale. The revised CLAST was finalized
according to suggestions by 30 doctors or nurses who had tested
the scale in stroke patients.
2.4. Scoring process

To avoid retest effects, we developed two parallel versions of
CLAST, including CLAST-A and CLAST-B, in which each item
was different but strictly matched. For example, the visual and
verbal complexity of pictures as well as the rhythms of the words
and sentences used for the repetition subtest were respectively
matched in both versions. As week-day or alphabetic counting is
relatively social-culturally influenced, counting of Arabic numer-
als from 1 to 10 was used in both versions.
Three examination pairs (two neurologists, a neurologist and a

nurse, or a neurologist and a student) were given a 5-min
explanation of the test administration process. Then, based on



Table 1

Clinical and demographic data of patients.

Clinical characteristics
Total

(n=296)
Acute group
(n=207)

Stable group
(n=89)

Stable+aphasic
(n=36)

Stable+nonaphasic
(n=53) Pa Pb

Gender
Male (n, %) 192 (64.9) 133 (64.3) 59 (66.3) 25 (69.4) 34 (64.2) .74 .60
Female (n, %) 104 (35.1) 74 (35.8) 30 (33.7) 11 (30.6) 19 (35.8)
Age (years, mean±SD) 66.6±12.5 67.6±11.4 65.0±14.7 68.5±12.0 62.6±15.9 .58 .06
Educational background
Illiterate (n, %) 87 (29.3) 76 (36.7) 11 (12.4) 6 (16.7) 5 (9.4) .00 .58
Primary school (n, %) 61 (20.6) 39 (18.8) 22 (24.7) 6 (16.7) 16 (30.2)
Junior high school (n, %) 58 (19.6) 31 (15.0) 27 (30.3) 11 (30.5) 16 (30.2)
Senior high school (n, %) 68 (22.9) 47 (22.7) 21 (23.6) 9 (25.0) 12 (22.6)
University degree at least (n, %) 22 (7.4) 14 (6.8) 8 (9.0) 4 (11.1) 4 (7.5)
CLAST score (points, mean±SD) 12.86±3.3 12.9±3.4 12.7±3.1 10.58±3.8 14.15±4.3 .63 .00
NIHSS score (points, mean±SD) – 4.9±3.4 – – – – –

BMI (kg/m2, mean±SD) 23.2±2.3 23.4±3.1 22.9±2.1 22.9±2.6 23.0±1.8 .14 .56
History of diabetes (n, %) 83 (28.0) 51 (24.6) 32 (36.0) 13 (35.8) 19 (36.1) .05 .98
History of hypertension (n, %) 108 (36.5) 77 (37.2) 31 (34.8) 14 (38.9) 17 (32.1) .70 .51
Use of antihypertensive medication (n, %) 78 (26.4) 51 (24.6) 27 (30.3) 11 (30.6) 19 (35.8) .31 .60
History of cerebrovascular disease (n, %) 16 (5.3) 9 (4.3) 7 (7.9) 4 (11.1) 3 (5.7) .22 .35
History of atrial fibrillation (n, %) 12 (5.8) 7 (3.4) 5 (5.6) 3 (8.3) 2 (3.8) .37 .36
Ever smoking (n, %) 89 (30.1) 66 (31.9) 23 (25.8) 8 (22.2) 15 (28.3) .30 .52
TC (mmol/L, mean±SD) 4.85±1.43 4.91±2.08 4.79±2.42 4.68±1.63 4.93±1.81 .41 .27
TG (mmol/L, mean±SD) 1.61±0.34 1.58±0.16 1.62±0.23 1.60±0.11 1.64±0.29 .19 .48
HDL-C (mmol/L, mean±SD) 1.02±0.16 1.13±0.24 0.99±0.36 1.03±0.18 0.98±0.27 .62 .34
LDL-C (mmol/L, mean±SD) 3.26±1.19 3.08±1.65 3.31±1.78 3.19±1.05 3.34±1.93 .16 .28
Homocysteine (umol/L, mean±SD) 10.56±2.42 11.28±3.07 9.56±1.80 9.33±2.71 9.59±1.96 .08 .10

CLAST=Chinese version of the Language Screening Test, HDL-C=high-density lipoprotein cholesterol levels, LDL-C= low-density lipoprotein cholesterol levels, NIHSS=National Institutes of Health Stroke
Scale, SD= standard deviation, TC= total cholesterol, TG= triglyceride.
a P values of the comparison between the acute group and stable group.
b P values of the comparison between the stable+aphasic group and stable+nonaphasic group.
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the random number table, patients 1 to 100 were evaluated by a
neurologist and a nurse, 101 to 160 by two neurologists and 161
to 207 by a neurologist and a student, in parallel. “Acute” stroke
patients were tested randomly via random number table method
for CLAST-A or CLAST-B. Aphasic and non-aphasic “stable”
patients were assessed by the WAB test and subsequently by
CLAST-A and CLAST-B on the same day with about 3-min
interval. The outcome was scored as 1 (correct answer) or 0
(imperfect answer or failure to answer). The maximum score was
15, corresponding to 15 items (Appendix 1).
2.5. Measurement indexes

The patients were assessed for gender, age, educational
background, NIHSS score, CLAST score and WAB test results.
2.6. Statistical analysis

The data were analyzed with SPSS 16.0 (SPSS Inc, Chicago, IL).
Epidata 3.02 was employed to collect patient information and
establish a database. Descriptive analysis was conducted for
measurement indexes. The Cronbach’s alpha coefficient was
adopted to assess the internal reliability of the CLAST. Intraclass
correlation coefficients (ICCs) were determined to evaluate inter-
examiner and alternate-form reliabilities of the CLAST. Explor-
atory factor analysis was performed to evaluate the construct
validity of the CLAST. Independent samples t test was carried out
to evaluate discriminant validity. A receiver operating character-
istic (ROC) curve was generated to determine a cut-off point for
3

the CLAST, as well as the test specificity and sensitivity.
P values< .05 were considered statistically significant.
3. Results

3.1. Clinical and demographic features of patients

A total of 230 consecutive “acute” stroke patients admitted to the
Department of Neurology for suspected acute stroke from
January to April 2018 were included. Twenty-three patients were
excluded (15 non-native Chinese speakers, 3 cases with a history
of dementia, 2 cases of deafness or blindness, and 3 cases with
altered consciousness). The remaining 207 “acute” stroke
patients were enrolled in the assessment of internal validity
and inter-examiner reliability, including 133 men and 74 women
aged 64.0±16.2 years with NIHSS scores of 4.9±3.4. Ninety-
two patients were enrolled in the “stable” group, including three
who quit the study half way; therefore, 89 “stable” patients were
evaluated (59 men and 30 women, aged 65.1±14.7 years). The
demographics and clinical characteristics of the study population
are summarized in Table 1.

3.2. Test reliability

The alternate-form reliabilities of the two CLAST versions were
analyzed. A comparison between CLAST-A and CLAST-B in the
89 “stable” stroke patients revealed that the two versions were
strictly equivalent (ICC=0.950). This result was not significantly
changed (ICC=0.945) when the automatic speech item was
excluded from both versions (Table 2).

http://www.md-journal.com


Table 4

Results of factor analysis.

Item Factor

Factor 1 Factor 2

Automatic speech 0.869
Naming 5 0.794
Repetition 1 0.784
Naming 4 0.771
Naming 3 0.723
Naming 1 0.717
Repetition 2 0.599
Naming 2 0.573
Picture recognition 4 0.753
Picture recognition 1 0.674
Picture recognition 2 0.636
Verbal instructions 2 0.614
Picture recognition 3 0.553
Verbal instructions 3 0.532
Verbal instructions 1 0.461

Table 2

Comparison of CLAST-A and CLAST-B in “stable” stroke patients.

Index ICC 95%CI P

Total score 0.950 0.925∼0.967 <.001
Score excluding the automatic speech item 0.945 0.917∼0.963 <.001

CI= confidence interval, CLAST=Chinese version of the Language Screening Test, ICC= intra-class
correlation coefficient.
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CLAST-A and CLAST-B were consistent, as shown in Table 2.
Therefore, the two CLAST versions were analyzed together. The
inter-examiner reliability in the 207 “acute” stroke patients was
almost perfect (ICC=0.995, P< .001) (Table 3). Specifically, the
examiner pair consisting of two neurologists assessed 63 cases
(30.4%). The one comprising a neurologist and a nurse evaluated
99 cases (47.8%), and the neurologist/student pair assessed 45
cases (21.7%). Inter-examiner reliabilities were, respectively,
0.986, 0.999, and 0.998 (all P< .001). ICCs were almost perfect
despite the level difference between examiners.
Together, the Cronbach’s alpha coefficient of both question-

naires was 0.909, indicating excellent internal reliability.
3.3. Validity

This study determined the correlation coefficient between each
item score and the score of each dimension to evaluate content
validity. Correlation coefficients between various item scores of
each expression index and the total score of the expression
dimension were above 0.7 (P< .001); those between various item
scores of the receptive index and the total score of the receptive
dimension were above 0.6 (P< .001). These data indicated that
the scale had high content validity.
The Kaiser–Meyer–Olkin (KMO) index of the sampling data

constituted by the 15 items was 0.909 (>0.5) and the Bartlett’s
test of sphericity yielded x2=1514.21 (P< .001), indicating that
there were common factors in the correlation matrix in various
factors, and construct validity was suitable for exploratory factor
analysis. A principal component analysis produced 2 common
factors, with a cumulative variance contribution rate of 54.90%
(>40%), indicating good construct validity (Table 4). Moreover,
taking the WAB test as the golden standard, 36 “stable” stroke
patients were identified as aphasic and 53 as non-aphasic. We
performed independent samples t test based on the CLAST scores
of “stable” patients. The total score of aphasic patients was
significantly lower than that of non-aphasic individuals (10.6±
3.8 vs 14.2±1.3) (P< .01), demonstrating good discriminant
validity (Table 5).
Table 3

ICC comparison of the three different examiner teams for the 207
“acute” stroke patients.

Rater team
Number of
case (%) ICC 95%CI P

Two neurologists 63 (30.4%) 0.986 0.976–0.991 <.001
A neurologist and a nurse 99 (47.8%) 0.999 0.998–0.999 <.001
A neurologist and a student 45 (21.7%) 0.998 0.996–0.999 <.001
Total 207 (100.0%) 0.995 0.994–0.996 <.001

CI= confidence interval, ICC= intra-class correlation coefficient.
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3.4. Sensitivity and specificity of the CLAST

The area under the ROC curve was 0.850 (95%CI=0.767–
0.932, P< .05), indicating the CLAST could be used for aphasia
diagnosis. With the WAB test as the golden standard, the CLAST
had a sensitivity of 0.806 and a specificity of 0.774 for aphasia
detection, with a cut-off point of 13.5 for the 89 “stable” stroke
patients; a Youden index of 58%was obtained (Fig. 1). Based on
the cut-off point of external validation (score�13), the CLAST
detected language deficits in 35.3% of the 207 acute stroke
patients.

4. Discussion

The present study developed a CLAST for early identification of
aphasic patients during the acute phase of stroke. The newly
developed CLAST was shown to be suitable for Chinese post-
stroke patients during the acute phase, exhibiting high reliability,
validity, sensitivity, and specificity. The CLAST was adapted
from the LAST designed by Constance et al[18] to incorporate
Chinese cultural and linguistic specificities. It consisted of 5
subtests and a total of 15 items, including 2 subscores. Factor
analysis indicated that this questionnaire had good construct
validity. With a cut-off point of 13.5, the CLAST had high
sensitivity and specificity. The language deficits detected by the
CLAST was 35.3% in the 207 acute stroke patients, corroborat-
ing previous study (15–38%).[4–7] Therefore, we highly recom-
mend this test for screening Chinese post-stroke patients during
the acute phase.
It is widely considered that effective and efficient communica-

tion is vital to quality healthcare, as it impacts clinical assessment,
health promotion and patient autonomy.[22] The sequelae of
Table 5

Discriminant validity of the CLAST in the 89 “stable” stroke
patients.

Group N Score of CLAST P

Aphasic 36 10.6±3.8 <.001
Non-aphasic 53 14.2±1.3

CLAST=Chinese version of the Language Screening Test.



Figure 1. ROC curve of CLAST. The area under the curve (AUC) of CLAST for aphasia diagnosis in stroke patients was 0.850 (95%CI=0.767–0.932, P< .001).
With a cutoff of 13.5, a sensitivity of 80.6%, a specificity of 77.4% and a Youden index of 58% were obtained, indicating a high diagnostic value for CLAST in
aphasia.
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post-stroke aphasia are considerable, with implications at the
social and personal levels.[23] Because of communication deficits,
aphasic patients complain of difficulties in benefiting from
available mental health services, participating in intervention
programs, and/or finding support groups that could meet their
needs.[24]

Despite controversies, timely and intensive speech and
language rehabilitation in early aphasia has been recommended
for maximizing recovery.[24] In addition, immediate post-stroke
aphasia therapy improves communication outcomes,[25–27]

which can persist for at least 12 months.[28] Therefore, detecting
and evaluating aphasia in the acute phase represents a key
concern. The current aphasia rating scales used in China require
speech and language experts and take long.[19,29] As a result, they
are not applicable to patients with acute stroke, as timely
detection of aphasia post-acute stroke may facilitate language
rehabilitation.
In various cultural backgrounds, languages and living habits

differ. Therefore, the CLAST took into account the linguistic
features and cultural characteristics of Chinese. For example,
giraffe was changed into panda and fork into comb, because
Chinese individuals, especially the elderly, are more familiar with
the panda and comb. In the repetition portion, English rhyming
sentences were replaced by Chinese tongue twisters like “si shi si
zhi shi shi zi,” which are adopted in widely accepted Chinese
5

screening scales such as Chinese version Montreal Cognitive
Assessment (MoCA)[30] and ABC.
Next, we validated the CLAST in Chinese patients. The scale

showed good alternate-form, inter-examiner, and internal
reliabilities, and elevated discriminant, content and construct
validities. Statistical analysis suggested that the CLAST had high
reliability and effectiveness in assessing aphasic patients with
great convenience and ease of application. Indeed, the scale
contains only few items and can be performed at bedside within
2min. It could complement other rating scales such as NIHSS
for early evaluation of stroke patients. With a cut-off score
�13 (from a maximum of 15), the CLAST was highly sensitive
and specific to aphasia, indicating its significance in diagnosing
aphasia early after acute stroke.
The current aphasia screening scales have multiple short-

comings:
1.
 use of written language subtests, whose results are subject to
hemiplegia and illiteracy[31–33];
2.
 application of sophisticated visual materials, which are
unsuitable for stroke cases complicated with neurovisual
deficits[32,33];
3.
 adoption of subtests, whose results are highly affected by
attention/executive dysfunction[32,33]; and
4.
 excessively lengthy administration.

http://www.md-journal.com
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What’s more, these scales show low sensitivity, validity, and
reliability.[13,32]

To the best of our knowledge, the CLAST developed in the
current study is the first standardized aphasia screening test in
China. It incorporates Chinese cultural and linguistic specificities
and overcomes the aforementioned shortcomings by excluding
the use of written and complex visual materials, as well as the
evaluation of verbal executive functions in the questionnaire
design. Meanwhile, the CLAST offers high sensitivity, validity,
reliability, and great convenience for bedside administration by
individuals without expertise in speech or linguistic therapy.
Based on CLAST characteristics, we suggest that either version of
the CLAST could be immediately adopted for evaluating acute
stroke patients upon admission, with the other version employed
after condition stabilization. Aphasia severity assessment by the
CLAST could help determine whether more detailed aphasia
rating scales are needed. The corresponding language function
rehabilitation can be arranged based on the test results. The
CLAST had acceptable psychometric values and could be used in
clinical research for early diagnosis of aphasia.
The limitations of this study should be mentioned. First, the

CLAST does not properly differentiate aphasia types, and
requires further revisions to adapt to the requirements of
different cultural regions and language specificities. In addition,
its reliability, validity and cut-off point should be confirmed in
larger multi-center studies.
In summary, the present study developed and validated the

novel Chinese language screening scale for Chinese acute-stroke
patients, which is valid, reliable, efficient, user friendly, and cost-
effective. The CLAST could complement the available stroke
rating scales such as the NIHSS for early evaluation of stroke
patients.
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