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ABSTRACT
Background: The severity of post-stroke aphasia has also been 
reported to be less in bilingual patients compared to their mono-
lingual counterparts
Aim: To analyze the effect of bilingualism on aphasia recovery 
during the early post-stroke phase.
Methods: Bengali version of Western Aphasia Battery (WAB)was 
used for language assessment. It was administered during the first 
week and 90–100 days post-stroke. Severity assessment was done 
by calculating aphasia quotient (AQ). We enrolled 155 monolingual 
and 53 bilingual patients with aphasia, of whom 120 monolingual 
and 43 bilingual participants were followed up.
Results: The probability of recovering was higher for bilinguals 
than in monolingual patients. When the location of stroke was 
analyzed, the percentage of patients recovering in the “medium” 
class was higher for bilingual than monolinguals by fair margins for 
sub-cortical and mixed cortico-subcortical strokes With respect to 
gender, bilingual patients present better recovery than monolin-
guals in both genders, but especially in males. The mean improve-
ment of AQ in low age (p = 0.22), high volume (p = 0.05), and low 
AQ (p = 0.17) groups were found to be fairly higher for bilinguals in 
contrast to monolinguals.
Conclusions: This is, to our knowledge, the first study reporting 
differences in aphasia recovery between bilingual and monolingual 
subjects. Bilingual participants experienced better aphasia recovery 
following a stroke when viewed through the lens of different 
variables.
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Introduction

It has been observed that diverse factors can affect aphasia recovery (Doogan et al., 2018). 
Both, lesion related as well as aphasia related, represent crucial factors in aphasia prog-
nosis (Watila & Balarabe, 2015). However, to determine the specific significance of each 
particular factor has not been easy. Lazar et al. (2010) reported that the initial aphasia 
severity can be considered as the most important predictor for recovery in post-stroke 

CONTACT Alfredo Ardila ardilaalfredo@gmail.com Albizu University, Miami, FL 33182, USA

APHASIOLOGY                                               
https://doi.org/10.1080/02687038.2020.1812032

© 2020 Informa UK Limited, trading as Taylor & Francis Group

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02687038.2020.1812032&domain=pdf&date_stamp=2020-08-26


aphasia. Suneja et al. (2014) reported that the factors predicting positive recovery in 
chronic aphasia include higher education, smaller lesions, younger age, and current 
antidepressant use; these factors are independent of one another.

Different mechanisms of aphasia recovery have been suggested (Hamilton et al., 2011; 
Hillis & Heidler, 2002). Many authors since long time ago have proposed that right 
hemisphere, and hence, nonverbal abilities, plays a crucial role in recovery of aphasia 
following left hemispheric stroke (e.g., Basso et al., 1989; Forkel et al., 2014; Heiss et al., 
1999; Pettit & Noll, 1979; Turkeltaub et al., 2012). According to this perspective, aphasia 
recovery is due to a reorganization of the language in the brain.

Watila and Balarabe (2015) insisted that the significance of the different factors affect-
ing recovery is different. Age, gender, handedness, and education had a minor effect on 
aphasia recovery; whereas lesion location and size, aphasia type and severity, and the 
nature of early hemodynamic response and treatment received, are the most significant 
determinants of aphasia recovery. El Hachioui et al. (2013) proposed the so-called “SPEAK” 
model. According to it, the outcome of aphasia at one year after stroke can be predicted in 
the first week by phonology score, Barthel index (a scale of activities of daily living, 
Mahoney & Barthel, 1965), age, educational level, and stroke subtype; phonology score 
can be considered as the stronger predictor. This model has been supported by recent 
research (Nouwens et al., 2018).

Recently, Lahiri et al. (2020)studied 163 aphasia patients at two different moments: 
(1) during the first week following stroke, and (2) 90–100 days post-stroke. 
Demographic factors (age, gender, and number of years of formal education), lesion- 
related factors (type of stroke, lesion volume, cortical versus sub-cortical location, and 
site of lesion),initial severity,and type of aphasia were used as independent variables; 
aphasia recovery was the dependent variable. Initial severity of aphasia followed by 
initial aphasia symptomatology was found to be the most important factors determin-
ing aphasia recovery. Age and gender were also observed to be of some importance. 
Lesion related factors did not reach statistical significance as independent determinant 
of aphasia recovery.

Regardless the importance of the question, the potential significance of bilingualism 
on aphasia recovery has not been clarified yet. It has been frequently observed that 
bilingualism represents a type of cognitive reserve (e.g., Bialystok et al., 2004; Gold et al., 
2013) and can delay the onset of dementia (e.g., Alladi et al., 2013; Bialystok et al., 2007). 
Bilingualism has also been associated with increased performance in some cognitive 
domains, including but not limited to executive functions (Bialystok, 2011, 2015), spatial 
tasks (Greenberg et al., 2013; McLeay, 2003), and working memory (Luo et al., 2013). This 
proposal, however, remains controversial and frequently no bilingual advantage, or just 
a minor advantage on cognitive test performance, or only differences in some specific 
subgroups of bilinguals, has also been reported (e.g., Calvo et al., 2016; Dick et al., 2019; 
Lehtonen et al., 2018; Rosselli et al., 2016)

It has been observed that bilingualism may affect the cognitive outcome after stroke. 
Alladi et al. (2016) analyzing 608 patients with ischemic stroke did not find differences 
between monolinguals and bilinguals in the frequency of aphasia. However, twice the 
number of bilingual patients had normal cognition compared to monolinguals. The 
authors suggested that bilingualism is associated with a higher cognitive test perfor-
mance after stroke, probably because an increased cognitive reserve. Penn et al. (2010), 
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on the other hand, found that bilingual individuals with aphasia presented better con-
versational skills; these increased skills were correlated with better executive functions 
compared to monolinguals, and consequently, their better performance was probably 
due to a higher executive control. Faroqi-Shah et al. (2018) studied 38 individuals with 
aphasia. They administered a task measuring cognitive control (Stroop color-word task) 
and two word production tasks (picture naming and category fluency)to this group of 
patients. The authors found lower cognitive control in the aphasia patients when com-
pared with age-matched neurologically normal adults irrespective of the participants’ 
bilingual status. However, the idea of bilingual inhibitory control advantage was not 
refuted by the findings of this study, for bilingual advantage was observed in two out 
three groups.

The influence of cognitive task complexity on linguistic and non-linguistic control 
mechanisms in bilingual subjects was studied by Gray and Kiran (2019). While domain 
general cognitive control was displayed by the control group of Spanish-English bilin-
guals, domain specific control was observed in the patient group. Furthermore, when 
magnitude of task complexity was taken into account, dissociation between linguistic and 
non-linguistic domains was observed in people with aphasia and not in healthy partici-
pants. While the idea of cognitive reserve in bilingual subjects was supported by the 
aforementioned studies, several recent papers have called for reconsideration of this 
assumption. Criticism of the so-called “bilingual advantage” has mostly been concen-
trated on certain cognitive functions, namely working memory and executive function. In 
an elaborate paper, Calvo et al. (2016) put up a plea for methodological innovations in 
bilingual research as they discussed sampling error and confounding variables that may 
have prompted the premature conclusion related to bilingual cognitive advantage. 
Therefore, the relationship between bilingual experience and cognitive reserve is yet to 
be clarified. At this point the idea of bilingual advantage is in need of substantiation.

To date, studies evaluating post-stroke aphasia severity in bilingual participants are 
few. A study byGray and Kiran (2013) on lexical and semantic processing defects in 
bilingual post-stroke aphasia revealed that measure of pre-stroke language ability rating 
(self-reported) is the strongest predictor of post-stroke language impairments. Notably, 
the observation was independent of the participants’ pre-morbidly dominant language or 
the so-called L1. Therefore, the authors insisted on the universality of their findings across 
various other bilingual populations with different language combinations. Paplikar et al. 
(2019) in a recent study demonstrated that although bilingual participants have similar 
likelihood of manifesting aphasia following stroke, the severity of language dysfunction in 
them was significantly less in comparison to their monolingual counterparts. A recent 
paper addressed the question related to the protective role of bilingualism in aphasia in 
a more direct manner (Dekhtyar et al., 2020). The authors found, bilingual adults with 
aphasia needed less time to react in response to a cognitive task in contrast to their 
monolingual counterparts while no such difference was observable in healthy volunteers. 
Ardila and Lahiri (2020), as part of the “Kolkata Aphasia Study”,analyzed155 monolingual 
and 53 bilingual post-stroke aphasia patients. They found that aphasia was significantly 
less severe in bilinguals when compared to monolinguals. Departing from this observa-
tion, they suggested that recovery can be anticipated to be better in bilingual than in 
monolingual patients.
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While several authors have concluded in favor of bilingual advantage, some others 
have contradicted this notion. A study by Hope et al. (2015) is noteworthy in this context, 
for the results displayed a bilingual disadvantage on aphasia outcome in stroke patients 
analyzed several months after the occurrence of stroke.

A significant amount of research has been devoted to analyze the characteristics and 
recovery patterns of both languages in bilingual aphasia (e.g., Fabbro, 2001; Faroqi-Shah 
et al., 2010; Lorenzen & Murray, 2008; Paradis, 1977; Paradis & Libben, 2014). However, no 
information is available about the magnitude of aphasia recovery in bilingual patients 
when compared with monolingual individuals. In this study, the aphasia recovery in 
a group of bilingual aphasia patients was compared with monolingual controls. 
Departing from the preliminary observation by the authors on post-stroke aphasia 
severity in bilinguals versus monolinguals (Ardila & Lahiri, 2020), it was hypothesized 
that aphasia recovery would be faster and better in bilinguals when compared to mono-
linguals. The present endeavor is part of the “Kolkata Aphasia Study”, general results of 
which are published in previous papers (Lahiri, Dubey, Ardila & Ray , 2020; Lahiri et al., 
2019).

Methods

With prior approval from the Institutional Ethics Committee an observational study in the 
stroke unit of a neurology center in Kolkata (formerly Calcutta), India, was conducted on 
individuals with first ever strokes between 2016 and 2018. Bengali is the vernacular 
language of the inhabitants of Kolkata. .

Participants

Consecutive patients with first ever acute stroke were recruited for this study. A total 
of 515 patients were recruited in the study over a period of 2 years; of whom 208 
were diagnosed to have aphasia. Among the recruited patients, 53 were bilingual as 
per our study definition and rest 155were monolinguals. We used the following 
inclusion criteria: (1) alert at the moment of language assessment; (2) only literate 
adults over 18 years were included; (3) native speakers of the Bengali language. 
Exclusion criteria were: (1) general cognitive defects affecting language assessment; 
(2) dementia documented or suspected; (3) pre-morbid psychiatric disorders hinder-
ing communication;(4) abuse of alcohol or drugs; (5) aphasia as consequence of 
vascular intra-cranial space-occupying lesion.

Bilingualism

Defining bilingualism is not easy due to the tremendous heterogeneity of bilingual-
ism. Diverse bilingualism variables can be distinguished, including but not limited to 
age of acquisition of the second language, language proficiency in each language, 
pattern of use, language dominance, and functional distance between both lan-
guages, resulting in a diversity of bilingualism subtypes: simultaneous/sequential 
bilingualism, balanced/unbalanced bilingualism, additive/subtractive bilingualism, 
passive/active bilingualism, semilingualism, ambilinguism, receptive/expressive 
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bilingualism, etc. (Ardila, 2007; Wei, 2000). As a matter of fact, bilingualism is not 
a categorical variable but there is a continuum in bilingualism according to several 
variables (Luk & Bialystok, 2013). Because of that, it is not easy to find a precise 
definition of bilingualism. A minimal definition of bilingualism could be “ability to say 
something in a second language” whereas a maximum definition would be “ability to 
speak a second language at the level of a native speaker”. However, a definition 
probably acceptable for most researchers would be: ability to communicate using 
a second language (Altarriba & Heredia, 2018; Ardila, 2007; Crystal, 1997; Merriam- 
Webster Dictionary, 2020; Mohanty, 1994). The information about the ability to 
communicate in a second language was obtained by interviewing reliable family 
member/s while collecting language history according to a standard protocol. The 
additional information collected during interview about the language status of the 
participant were: vernacular language and the number of languages spoken by each 
patient.

Bilingualism in India is common and about 450 different languages are spoken 
(ethnologue, 2020). The official language in West Bengal and its capital city Kolkata 
(where our sample was collected) is Bengali. Bilingualism is not infrequent in the city 
of Kolkata while rural inhabitants of West Bengal seemingly do not have much 
exposure to multiple languages unless due to compelling reasons such as in immi-
grant workers. Studies investigating bilingualism in Kolkata found Hindi as the 
commonest subsidiary language followed by English; while in a significant percen-
tage of population in Kolkata the vernacular language itself is Hindi (Saha, 2011). The 
participants of our study had Bengali as their vernacular language according to the 
pre-set inclusion criteria so as to maintain homogeneity in the study population. 
Language usage questionnaire was applied to determine the pre-morbid language 
proficiency for Bengali in all the participants. The number and pattern of language 
use for the subsidiary languages in bilingual participants was also determined by the 
same tool. Table 1 presents the participants’ languages

Few participants were multilinguals. Multilinguals were included in the bilingual 
group for the present study. Bilingual experience was treated in this paper as 
a categorical feature and unpacking of the label in terms of age of acquisition 
and pre-morbid language proficiency was not done. This is because our main 
objective was to analyze the effect of bilingualism as a whole on post-stroke 
aphasia recovery.

Table 1. Language usage among the participants in first and 
subsequent follow up visit.

Language Usage First Visit Follow Up Visit

One 155 (74.51%) 123 (75.46%)
Two 41 (19.71%) 32 (19.63%)
Bengali; Hindi 16 12
Bengali; English 21 18
Others 4 2
Three 9 (4.32%) 6 (3.68%)
Bengali; Hindi; English 6 5
Bengali; Hindi; Urdu 2 1
Others 1 0
Other combinations 3 2
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Language examination

The Bengali version of Western Aphasia Battery (BWAB) (Keshree et al., 2013)was used for 
language examination. In this test battery, an Aphasia Quotient (AQ) can be calculated; 
aphasia diagnosis is given when this quotient is lower than 93.8. BWAB was administered 
between the 3rd and 7th day following stroke and repeat assessment was performed 
between 90 and 100 days post-stroke. Magnitude of aphasia severity was determined 
using the AQ score.

All the recruited patients underwent speech and language therapy administered by 2 
speech-language pathologists for 1–2 hours/week over 8–10 weeks, in addition to ade-
quate medical management. During follow-up 45 patients were lost and as a result only 
163 participants were analyzed after the repeated assessment; of whom 40 were bilin-
guals and rest 123 belonged to monolingual group. The improvement levels of both 
bilingual (B) and monolingual (M) patients are denoted in this study as:(∆AQ = AQ2 – 
AQ1); where AQ1 and AQ2 correspond to aphasia severity in first and follow up assess-
ments respectively. This improvement level is further categorized broadly into the 4 
classes for the ease of analysis as follows (Table 2)

Brain imaging

Brain imaging for ischemic strokes in our study was performed by using Siemens 3 T MRI 
machine (MagnetomVerio DOT, 16 channels) with a standard quadrature head coil. 
Computed tomography (CT) scan (Philips, 16 slice) was utilized for initial brain imaging 
of patients suffering from hemorrhagic stroke. Three patient of ischemic stroke, who had 
contraindications (artificial metallic heart valve or permanent pace-maker) for MRI, was 
evaluated by CT scan.

Visual analysis was performed in SiemensRSyngo viewer for lesion assessment and the 
images were read by neuro-radiologists to pinpoint the location of lesion. The definition 
of infarcted tissue was as following- tissue having abnormal high signal onT2 weighted 
and/or FLAIR (Fluid attenuated inversion recovery sequences) images. Diffusion weighted 
imaging was employed for detection and localization of acute infarct in cases where MRI 
was performed within 48 hours post-stroke. Location and extent of the lesion were 
determined in reference to the sulcal anatomy. Cortical and mixed lesions were localized 
to the extent of lobes and gyri according to standard sulcal anatomy by studying axial, 
coronal and sagittal sections of brain in T2-weighted and diffusion weighted sequence. 
Similarly, for hemorrhagic stroke, CT brain was studied in three orthogonal planes to 
determine location and extent of lesions. A potential limitation with the present definition 
of infarcted tissue is that areas with elevated T2/FLAIR signal may also include a highly 

Table 2. Improvement classes according to excursion of AQ between two 
visits.

Class of Improvement
Improvement Level 

(∆AQ) Improvement quality

Class 1 0 to less than 14 Low
Class 2 14 to less than 28 Medium
Class 3 28 to less than 42 High
Class 4 42 and above Very High
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functional residual brain. Further, it has been shown that areas of restricted diffusion may 
recover after ischemic injury for a variety of reasons, some yet unexplained (Campbell 
et al., 2012; Inoue et al., 2014).

Lesion volume was calculated by using standard ABC/2 method in CT scan images for 
intra-cerebral hemorrhage (Kothari et al., 1996) and in MR images (DWI or FLAIR) for 
ischemic stroke (Sims et al., 2009). For subjects (3) with ischemic stroke and contraindica-
tion for MRI, infarct volume was estimated by ASPECT scoring and CT perfusion score 
(Gaudinski et al., 2008).

Table 3 presents the general characteristics of the sample

Statistical analysis

Statistical analysis for this paper was carried out by the authors AM and KC. For the 
development of the bar diagrams, the improvement levels are divided into four major and 
equal classes depending on the least and the highest values of the improvement level. 
The number of patients belonging to each of these classes is observed for the variation of 
three different and vital parameters. In the later part of the work, we have performed t-test 
analysis for validation of the null hypothesis. The p values obtained during this process of 
t-test, determines the level of confidence of the improvement levels between the bilingual 
and the monolingual patients, for variation of different influencing parameters. Boxplots 
are used in addition to this null hypothesis test in order to develop a graphical represen-
tation of the comparison between these two classes. Boxplots produce a box and whisker 
plot to indicate the lower quartile, median, and upper quartile values of each class. 
A comparative study of the two boxplots for bilingual and monolingual classes shows 
a comprehensive analysis between them. All these analysis have been executed in 
MATLAB software.

Results

A. Overall analysis of the improvement for bilingual and monolingual

It is observed from Figure 1 and Table 4 that the percentage of patients who belong to the 
“Low” class of improvement is higher in case of monolingual (84.6% vs 72.5%). The 
“Medium” class of improvement is higher by 12.8% for bilingual patients (25% for 
bilingual and 12.2% for monolingual). This shows that the probability of recovering better 
is higher for bilinguals than monolingual patients. Percentage of patients in the “High” 
recovery class is nearly comparable. It is observed that only 0.8% of patients who belong 

Table 3. Demographic; stroke-related and aphasia related features among monolingual 
and bilingual participants.

Monolingual Bilingual P value

Age (mean (SD)) 52.82(10.70) 50.34(11.61) 0.413a

Gender (M/F) 110/45 34/19 0.2242

Education (mean(SD) 5.61(2.91) 14.19(3.74) 0.001a

Non-severe/severe* 23/132 17/36 0.0072

Lesion volume (median (IQR)) 12.5(9.5–16.5) 11.3(7.9–15.4) 0.3233

a t-test 2 chi square3 Non-parametric test (Monte carlo significance) 
* Non-severe aphasia (AQ = 50 or more); Severe aphasia (AQ<50)
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to monolingual group have recovered “Very High”, but this ratio is insignificant compared 
to that of the other classes.

B. Comparative analysis of the improvement for bilingual and monolingual 
against the type of strokes

It is observed from Figure 2 as well as from Table 5 that the percentage of patients 
recovering in the “Medium” class is much higher for bilingual (30.77%) than monolingual 
(17.65%) for ischemic stroke cases. The same trend follows for cases with hemorrhagic 
strokes too where bilinguals account for 14.29% in the “Medium” class and no patient 
belongs to the same for monolingual. It is again inferred that more number of patients 
recover better having bilingual characteristics with respect to any type of strokes. Only 

Figure 1. Overall improvement of AQ among bilingual and monolingual groups.
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2.63% of patients recover “Very high” for monolingual, but again this proportion is very 
meager.

C. Comparative analysis of the improvement for bilingual and monolingual 
against the location of strokes

It can be observed that bilingual and monolingual patients respond almost similarly for 
cortical strokes. But the difference in response arises for both sub-cortical and mixed 
strokes. It is observed again that the percentage of patients recovering in the “Medium” 
class is higher for bilingual and monolingual by fair margins. (27.27% for bilingual and 
11.90% for monolingual in sub-cortical; 23.53% for bilingual and 4.26% for monolingual 
mixed).

D. Comparative analysis of the improvement for bilingual and monolingual 
against the gender

The performance of treatment is further better in case of the bilingual patents irrespective 
of gender was evident in Figure 2a and Table 5. The percentages of patients in the 
“Medium” and “High” recovery classes are much better for the bilingual patients than 
monolingual. Noted, 1.2% of male bilingual patients show “Very high” recovery compared 
to 0% of monolingual. Similar inference applies for female participants too. Only 2.5% 
female monolingual patients belong to high class of improvement compared to 0% for 
bilingual, although this ratio is relatively negligible. Hence, on overall analysis, it is found 
that bilingual patients show better recovery than monolingual with respect to both 
genders.

E. Analysis of improvement with patient age

The patients were divided into two major groups with respect to the following criteria:
Low Age group: Patients with Age < 55;
High Age group: Patients with Age ≥ 55;
Both the categories of patient, bilingual and monolingual were categorized into 

these two age groups and the improvements were compared. Mean improvement of 
both of bilingual and monolingual, among the two individual age group patients 
were compared along with the median of improvement. Testing of hypothesis is also 

Table 4. Recovery in monolinguals and bilinguals.

Patient Type Total no. of patients

% of patients belonging to class

Low Medium High Very High

Bilingual 40 72.50 25.00 2.50 0
Monolingual 123 84.55 12.20 2.44 0.81

Bilingualism B M

no of observations 40 123
mean ∆AQ 8.53 7.0382
median ∆AQ 5 3.6
p value 0.3243
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Figure 2a. Improvement of AQ among bilingual and monolingual participants with respect to the 
parameters gender (a), type of stroke (b) and location of stroke (Cortical vs Sub-cortical vs Mixed) (c).
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Figure 2b. (continued).

Table 5. Type of stroke, location, and gender effect on aphasia recovery among bilingual and 
monolinguals.

Patient Type Bilingualism No. of patients

% of patients belonging to class

Low Medium High Very High

Stroke: 
Ischemic

Bilingual 26 65.38 30.77 3.85 0
Monolingual 85 78.82 17.65 3.53 0

Stroke: 
Hemorrhagic

Bilingual 14 85.71 14.29 0 0
Monolingual 38 97.37 0 0 2.63

C vs SC: 
Cortical

Bilingual 12 66.67 25.00 8.33 0
Monolingual 34 64.71 23.53 8.82 2.94

C vs SC: 
Sub-Cortical

Bilingual 11 72.73 27.27 0 0
Monolingual 42 88.10 11.90 0 0

C vs SC: 
Mixed

Bilingual 17 76.47 23.53 0 0
Monolingual 47 95.74 4.26 0 0

Sex: 
Male

Bilingual 24 62.5 33.33 4.17 0
Monolingual 83 81.93 14.46 2.41 1.20

Sex: 
Female

Bilingual 16 87.50 12.50 0 0
Monolingual 40 90.00 7.50 2.50 0
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carried out with “t test” analysis to validate the difference in mean obtained for the 
two different lingual patients in both age groups. A boxplot for each age group is 
also carried out to compare the median and the quartile distributions of both 
bilingual and monolingual class of people. These results are shown in Table 6, 
which compare the above parameters among bilingual and monolingual, for both 
age groups.

The p value, regarding the testing of hypothesis, is found as 0.2272 for the low 
age group, which suggests that the difference in mean values obtained in case of 
bilingual and monolingual holds good with high probability of nearly (1–0.2272), i.e., 
77.28%. Hence, it can be inferred that the mean improvement of bilingual patients of 
lower age group is higher than monolingual patients. The scenario is a bit different 
for the higher age group, which shows that the mean improvement is marginally 
higher for bilingual than monolingual. The hypothesis test also suggests that this 
marginal difference could not be established with more than (1–0.8457), i.e., 15.43% 
confidence level. Hence, this difference of mean obtained between bilingual and 
monolingual groups is practically insignificant and may merely arise out of sampling 
error. A boxplot is shown in Figure 3 in support of the above discussion, which also 
suggests similar inferences.

F. Analysis of improvement with lesion volume

The patients are divided into two major groups with respect to the following criteria:
Low volume group: Patients with vol< 11.8 cc;
High volume group: Patients with vol ≥ 11.8 cc;
The threshold limit of 11.8 is chosen in such a way that it divides the total number of 

patients into almost two equal sub-classes. Hence, the analysis becomes more un-biased 
to a great extent.

Table 6. Improvement of AQ analyzed in respect to age, lesion volume and AQ1 among bilingual and 
monolinguals.

Improvement with respect to Age

Age group Age < 55 Age ≥ 55
Bilingualism Bilingual Monolingual Bilingual Monolingual
no of observations 23 61 17 62
mean ∆AQ 9.2522 7.0098 7.5529 7.0661
median ∆AQ 8.2 4 2.6 3.05
p value 0.2272 0.8457

Improvement with respect to Volume
volume group Vol < 11.8 Vol ≥ 11.8
Bilingualism Bilingual Monolingual Bilingual Monolingual
no of observations 23 58 17 65
mean ∆AQ 8.5043 9.1052 8.5647 5.1938
median ∆AQ 6.2 4.7 4.2 2.4
p value 0.7998 0.0592

Improvement with respect to AQ1
volume group AQ1 < 5.4 AQ1 ≥ 5.4
Bilingualism Bilingual Monolingual Bilingual Monolingual
no of observations 19 60 21 63
mean ∆AQ 8.0632 5.73 8.9524 8.2841
median ∆AQ 4.2 2.5 6.2 4.2
p value 0.1712 0.7848
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Figure 3a. Box plot analysis of AQ improvement among bilingual and monolingual participants with 
respect to age (a), lesion volume (b) and AQ1(c).
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Table 6 describes a comparative analysis of the dependence of the improvement 
on the patient volume for both bilingual and monolingual classes. Table 6 shows 
that there is a major difference in the mean improvement levels of bilingual and 
monolingual patients for the high volume class. Both mean and the median values 
are found much higher in case of bilingual patients than the monolingual patients. 

Figure 3b. (continued).
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The result of the null hypothesis test also suggests that the probability of obtaining 
this large difference in the mean values between the bilingual and monolingual 
classes of patients is almost (1–0.0592), i.e., 94.08%. It suggests that there is always 
a more than 94% chance of getting this large difference in the average improvement 
of these two classes. The boxplot drawn with the given data clearly supports this 
conclusion. This authenticates the higher improvement of the bilingual class than the 
monolingual class in most cases with high volume group of patients.

The inference is not much conclusive for patients with lower volume. The mean and 
the median values of improvement of each class are contradictory in nature, i.e., the mean 
of class bilingual is lower than monolingual, but median shows the other way round. The 
hypothesis p value is also very large, suggesting a poor chance of getting this difference in 
mean values for patients chosen at random. Hence, the difference in performance is not 
significant.

G. Analysis of improvement with patient AQ1

Low AQ group: Patients with AQ1 < 5.4;
High AQ group: Patients with AQ1 ≥ 5.4;
The improvement of bilingual patients is again better than monolingual, espe-

cially for the low AQ1 group. Both the mean and the median of improvement are 
found much higher for bilingual class of patients. The p value also supports this 
large difference of means with (1–0.1712), i.e. 82.88% confidence level, i.e., it 
suggests that for patients with low AQ1 level, the bilingual patients will improve 
better than the monolingual patients in more than 80% cases. This in itself is a high 
level of probability which suggests a better improvement of bilingual patients.

In contrast, scenario for the high AQ1 group does not show this much statistical 
confidence, although mean of improvement for this group is still found just higher for 
bilingual class of patients in comparison to their monolingual counterparts. The boxplot 
also suggests that the median of bilingual class is higher than that of monolingual, but the 
spread of the quartiles makes the two groups behave almost similarly, with bilingual class 
performing marginally higher. The p value doesn’t support this difference in mean with 
high level of confidence either.

The overall comparative analysis of AQ improvement among bilingual and monolin-
gual participants has been displayed in Table 7.

H. Analysis of education and aphasia recovery

Number of years of formal education was analyzed against improvement in AQ score 
(∆AQ) and Pearson’s correlation co-efficient was calculated which turned out to be 0.053, 
suggesting that the two continuous variables have negligible correlation or in other 
words, they are nearly uncorrelated. It, in fact, was observed that mean AQ improvement 
was highest in people with formal education of 2 years (mean ∆AQ = 12.69) and 18 years 
(mean ∆AQ = 12.97), while lowest AQ excursion was displayed by people with 6 years 
(mean ∆AQ = 3.78) of formal education; further consolidating the observation that AQ 
improvement, only to a small extent, was dependent on education.
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While education and recovery had negligible interdependence, correlation coefficient 
between education and bilingualism was found to be 0.9 (p = 0.0002) suggestive of 
a strong correlation between the variables. On the other hand, when recovery was 
evaluated against bilingualism the mean of recovery of bilinguals is higher than mono-
linguals (Table 4). Hence, it may be interpreted that better improvement of bilinguals is 
insignificantly influenced by education.

I. Analysis of bilingual status and aphasia profile

Distribution of aphasia profile in terms of typology as described in WAB was enumerated 
across the bilingual and monolingual groups. The numbers and corresponding percen-
tages at both first visit and follow up visit have been presented in Table 8.

Discussion

The effect of bilingualism in dementia model has been examined in several research 
projects previously. Papers are also available that dealt with the severity of language as 
well as cognitive impairment following stroke in bilinguals vis-à-vis monolingual subjects. 
Studies investigating the link between bilingual experience and aphasia recovery have 
mostly focused on the pattern of language regain in the participants’ pre-morbidly 
spoken languages. However, it will be equally important to learn if speaking more than 
one language can have some effect on aphasia recovery itself as a whole. In addition, the 
evidence related to bilingual aphasia is, to a considerable extent, skewed towards western 
languages and very few studies have investigated the issue in speakers of non-western 
languages. As far as Indian languages are concerned, available studies thus far have 
concentrated on languages spoken in the southern part of the country (Alladi et al., 
2013, 2016; Paplikar et al., 2019). Aphasia in bilingual subjects with Bengali as the 
vernacular language has not been reported previously, regardless of that Bengali is one 
of the most spoken languages in the world, with about 260 millions of native speakers, 83 
of them living in India (Ethnologue, 2020).

The current paper therefore attempted to frame a report on how bilingual experience 
may influence post-stroke aphasia recovery. As one would expect, there are several 
variables that need to be taken into consideration when conducting such a study. We 
have basically compared AQ improvement between bilingual and monolingual 

Table 7. Comparative analysis of AQ improvement between bilingual and monolingual 
participants.

Category Low value group High value group

Age B improves better B and M are comparable
p value: 0.2272 

Confidence level: 77.28%
p value: 0.8457 

Confidence level: 15.43%
Volume B and M are comparable B improves strongly better

p value: 0.7998 
Confidence level: 20.02%

p value: 0.0592 
Confidence level: 94.08%

AQ1 B improves better B improves marginally better or comparable
p value: 0.1712 

Confidence level: 82.88%
p value: 0.7848 

Confidence level: 21.52%

Confidence level is calculated as: (1 – p value) × 100%
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participants at the end of 3 months post-stroke. Subsequently we have analyzed the 
variable, that is AQ improvement in bilinguals vis-à-vis monolinguals, through the lens of 
several other parameters such as gender, type of stroke, cortico-subcortical distinction, 
age, volume of lesion and AQ1. The continuous variables in this study (age, lesion volume 
and AQ1) were divided into two equal halves around the median point before conducting 
the comparative analysis between bilingual and monolingual so as to minimize the effect 
of sample size asymmetry between the two groups. Therefore, interdependence of the 
variables cannot be assessed by the results of this study and we are currently in process of 
developing a predictive model of aphasia recovery according to the bilingual status of the 
participants.

Noteworthy, both types of patients (bilingual and monolingual) responded similarly in 
the case of cortical strokes. However, the difference in response was evident only for sub- 
cortical and mixed strokes. It can be conjectured that language, in particular expressive, is 
supported by cortico-subcortical circuits (Sidtis & Sidtis, 2018) and hence, most significant 
differences between monolingual and bilingual language circuits involve cortico- 
subcortical systems (Ardila et al., 2016; Calabria et al., 2018).

Another variable that deserves discussion in this paper is level of education as because 
this particular variable is embedded in the bilingual status of the participant. Indeed, there 
was a significant difference in educational years between bilingual and monolingual 
participants (p = 0.001) of our sample. In a previous large study from India, Alladi et al. 
(2013) demonstrated the protective role of bilingualism in delaying the age of onset of 
dementia, which was independent of the participants’ educational background. Their 
conclusion was principally based on two arguments. First, the bilingual advantage in 
delaying dementia onset persisted while analyzing participants with absolutely no formal 
education. Second, level of education and age of dementia onset were not found to be 
correlated. In our study, however, none of the participants were without any formal 
education and that is in accordance with the inclusion criteria. When we analyzed the 
effect of education on AQ improvement, the two variables were not observed to have any 
correlation- an observation that would essentially support our hypothesis of the favorable 
role of bilingualism on aphasia recovery irrespective of the participants’ educational 
background. In retrospect, a question that raises consideration is – why the studies 
from southern part of India (Alladi et al., 2013; Paplikar et al., 2019) had several bilingual 
participants with no formal education as opposed to our sample that revealed high level 

Table 8. Distribution of aphasia typology across mono and bilingual participants as detected 
during 1st visit and follow up visit. M- Monolingual; B- Bilingual; T- Total;TCM-Trans-corticalmotor; 
TCS-Transcorticalsensory

First visit Follow up First visit Follow up

Aphasia typology M B T M B T %M %B %M %B

Global 39 11 50 17 3 20 78 22 85 15
Broca’s 48 6 54 64 12 76 88.89 11.11 84.21 15.79
TCM 3 1 4 1 0 1 75 25 100 0
Isolation 13 4 17 12 3 15 76.47 23.53 80 20
Wernicke’s 13 8 21 9 6 15 61.9 38.1 60 40
TCS 2 6 8 3 4 7 25 75 42.86 57.14
Conduction 0 2 2 0 1 1 0 100 0 100
Anomic 5 2 7 2 1 3 71.43 28.57 66.67 33.33
Recovery - - - 15 10 25 - - 60 40
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of education in the bilingual group? We believe that the answer can be found in the 
pattern of language diversity across different regions in India. Although, India as a nation 
is considered home to a wide variety of languages, the prevalence of bi- or multilingual-
ism in different regions of the land are not essentially similar. Notably, in the state of West 
Bengal where the current study was conducted, several dialects of the Bengali language 
are in use to date. The speakers of all these dialects will, nonetheless, qualify as Bengali- 
speakers. In the city of Kolkata, the commonest subsidiary language that is in use is Hindi 
while other regional languages are somewhat lacking. This fundamental regional varia-
tion of the pattern of language use may have been reflected in our sample for this study. 
In sum, because we did not find any correlation between aphasia recovery and years of 
formal education, it can be assumed that whatever difference was observed between the 
two groups, namely bilingual and monolingual, in terms of aphasia recovery was not 
confounded by educational effect.

Our general results reveal that bilingual subjects had more AQ improvement compared 
to their monolingual counterparts, mostly in medium level of recovery where the differ-
ence was remarkable. The bilingual advantage persisted when we extended the analysis 
alongside various parameters with most observable differences seen in male patients, 
hemorrhagic stroke and cortico-subcortical mixed lesion. When AQ improvement was 
studied in respect to continuous variables, the bilingual advantage was demonstrable in 
the following sub-groups – young age, high lesion volume, and low AQ. Interestingly, 
none of the sub-groups displayed any disadvantage for bilingual subjects. The improve-
ments were comparable in older age and high lesion volume sub-groups while it was 
slightly better for bilinguals in high AQ group. Looking at the results, it can be stated that 
for more severe strokes, as testified by high lesion volume and low initial AQ, bilingual 
experience favored aphasia recovery.

The current study has some implicit limitations, related to the assessment instrument 
that was used and the specific characteristics of our patients. Furthermore, bilingualism is 
heterogeneous, and diverse types of bilingualism can be distinguished (Ardila, 2007). We 
simply used a dichotomous distinction between monolinguals vs. bilinguals. It can be 
speculated, however, that the effect of bilingualism on aphasia recovery may vary 
depending upon the specific type of bilingualism. An additional limitation to the current 
study refers to the patients’ follow-up. Evidently, it would be particularly informative to 
follow the patients’ evolution not only 90–100 days; improvement is aphasia is expected 
to continue for several years (Basso, 2003). Follow-ups in consequence should continue 
for several years, in order to pinpoint the real long-term language recovery. Unfortunately, 
due to practical limitations this long follow up is not easy.

Conclusion

It can be concluded that bilingualism favors aphasia recovery after stroke. This is, to our 
knowledge, the first study reporting differences in aphasia recovery between bilingual 
and monolingual subjects. The significance of bilingualism in the current study was 
particularly evident in male patients, hemorrhagic stroke, and cortico-subcortical mixed 
lesion.
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