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Abstract

Introduction: This study aimed to calculate the rate of post-stroke cognitive impair-
ment (PSCI) by evaluating the cognitive domains among Lebanese stroke survivors at
3, 6, and 12 months post-stroke, and to identify the contributing factors including pre-
and post-stroke related factors.

Methods: A multicenter longitudinal prospective study was conducted in 10 hospitals
from Beirut and Mount Lebanon for a 15-month period. Mini-Mental State Examina-
tion (MMSE), modified Rankin Scale (mRS), Short Form Health Survey (SF12), National
Institutes of Health Stroke Scale (NIHSS), and Hospital Anxiety and Depression Scale
(HADS) were used to assess cognitive function, disability degree, Quality of Life (QoL),
stroke severity, and levels of anxiety and depression, respectively. Then, univariate and
multivariable analyses were performed to identify the predictors of PSCI.

Results: Low MMSE scores were found among survivors during the first 3 months post-
stroke (74.8%) of whom 53.7% presented with an MMSE < 17, followed by 46.7% in the
6 months, and 37.6% at 12 months post-stroke. Follow-up comparisons showed a sig-
nificant increase of MMSE scores over time (p <.001), indicating a 37% improvement of
the cognitive function over time. The most affected cognitive domain was the attention
and concentration at the three time points. Independent factors that were positively
associated with low MMSE scores were as follows: sedentary behavior > 12 h/day
(AOR = 3.062, p = .033), involvement of the left hemisphere (AOR = 2.710, p = .006),
HADS > 11 (AOR = 2.536, p = .049), and high NIHSS scores (AOR = 3, p = .009). Age
was the main predictor in the three time periods (AOR = 3, p < .05). Inversely, female
gender (AOR =0.09, p =.027), high educational level (AOR = 0.2, p < .02), employment
post-stroke (AOR = 0.3, p = .023), high Physical Component Summary (PCS) of Quality
of Life (QoL) (AOR = 0.8, p < .001), and the use of anti-diabetic treatment post-stroke
(AOR =0.17,p = .016) improved MMSE scores to > 23.
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1 | INTRODUCTION

Stroke is a widespread health concern affecting approximately 17 mil-
lion people worldwide every year (Klamroth-Marganska, 2018). The
short-term, medium-term, and long-term consequences of stroke are
remarkable, with high mortality and morbidity rates requiring multidis-
ciplinary care on a daily basis (Broussy et al., 2019).

Cognitive impairment following stroke is very common and can
lead to dementia, placing an enormous burden on caregivers and the
healthcare system (Rohde et al., 2019). The heterogeneous nature
of cerebrovascular lesions may have an effect on cognition through
various mechanisms including altered blood flow and oxygen supply,
chronic inflammation, disruption of axonal tracts, or altered cortical
connectivity. Stroke patients have a high potential to develop cogni-
tive impairment within the first year of stroke onset starting from
mild cognitive impairment (MCl) and ending with severe dementia (Al-
Qazzaz et al., 2014). According to the clinical diagnostic criteria and
the Mini-Mental State Examination (MMSE) test tool, MCl is defined
by a cognitive decline, an MMSE score between 18 and 23, including
four subtypes as follows: amnestic, amnestic plus other domains, non-
amnestic single domain, and nonamnestic multiple domains, activities
of daily living may be normal or mildly impaired; whereas dementia is
a severe cognitive impairment, with an MMSE score < 17, requiring
a deficit in performance in > 2 cognitive domains that are of suffi-
cient severity to affect activities of daily living (Dichgans & Leys, 2017
Tombaugh & Mclintyre, 1992). One or more cognitive domains may
be altered, including attention and concentration, executive function,
memory, language, and visuospatial cognitive domains (Ballard et al.,
2003; Gorelick et al., 2011). However, the most impacted domains are
the attention and executive function at various post-stroke intervals
(Cumminget al., 2013).

Two previous studies, in Norway and China, revealed that >60% of
stroke survivors without pre-existing cognitive disorder experienced
post-stroke cognitive impairment (PSCI) with MMSE < 23 (Ihle-Hansen
et al,, 2011; Qu et al,, 2015). In Norway, 37.5% developed MCI (18<
MMSE < 23) versus 19.6% developed dementia (MMSE < 17) within
the first year post-stroke (Ihle-Hansen et al., 2011).

A systematic review conducted by Lo et al. in 2019 including 13
global studies showed that the highest proportion of PSCI in the 3 to

6 months post-stroke was found in African Americans (48%) followed

cognitive performance.

Conclusion: The risk of PSCI among Lebanese stroke survivors was high especially in
the acute phase, depending on various determinants. Health care providers are invited
to implement an emergency rehabilitation program for an appropriate successful man-
agement of the risk factors in order to reduce stroke burden and to improve overall

cognitive domains, complications, factors, follow-up, Lebanon, MMSE, post-stroke cognitive
impairment, PSCI, rate, severity, survivors

by whites (47%), Koreans (45%), Nigerians (40%), and Singaporean
Chinese (35%) (Lo et al., 2019). Demographic characteristics, lifestyle,
clinical parameters, and stroke-related factors are classified as impor-
tant contributors for PSCI (Hagberg et al., 2019; Kalaria et al., 2016; Lo
et al., 2019; Mijajlovic¢ et al., 2017).

In Lebanon, stroke is identified as the second most common cause
of death (El-Hajj et al., 2016) due to the aging population, high rates
of modifiable risk factors, and the low socio-economic status (Gifford
et al.,, 2022). Based on the countries’ classification of the World Bank
(2021-2022), Lebanon is ranked among lower-middle income coun-
tries in the Middle East and North Africa (MENA) region (World Bank,
2022). Although studies in Lebanon are still lacking regarding complica-
tions post-stroke, stroke can be perceived as a high morbidity disease
that highly burdens the country from all perspectives (Salhab et al.,
2018). Several papers were previously published in Lebanon related to
the stroke prevalence, risk factors, risk score, care practice, and mor-
tality rate (EI-Hajj et al., 2016, 2019; Khazaal et al., 2021; Lahoud et al.,
2018; Salameh et al., 2018; Salhab et al., 2018). However, so far, no
studies in the MENA region, including Lebanon, have addressed the
rate of PSCI and their predictors pre-and post-stroke conditions. This
highlights the importance of our paper that aimed at studying the pro-
portion of PSCI by evaluating the MMSE cognitive domains among
stroke survivors in Lebanon and identifying the various contributing
factors and characteristics—baseline socio-demographics, pre-existing
conditions, lifestyle, and stroke-related factors and complications at

three time points, 3, 6, and 12 months after stroke.

2 | MATERIALS AND METHODS

To ensure an adequate reporting of this work, we followed The
Strengthening the Reporting of Observational studies in Epidemiology
(STROBE) guidelines (von Elm et al., 2014).

2.1 | Study design

This is an epidemiological, observational, multicenter, prospective, lon-
gitudinal study that was conducted in 10 hospitals from Beirut and
Mount Lebanon (five university and five non-university hospitals). It
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was conducted over a 15-month period of follow-up, starting from
February 2018.

2.2 | Participants

Participants were any Lebanese subject aged > 18 years old admitted
to the participating hospitals between February 2018 and May 2018,
being a survivor of first-time ischemic or hemorrhagic stroke identified
by the following codes of the International Classification of Diseases-
10 (ICD-10) (163-161) (ICD-10 Version:2016, 2016): cerebrovascular
accident, stroke, ischemic stroke, hemorrhagic stroke, intracerebral
hemorrhage, or embolic/cerebral vascular thrombosis. The diagnosis
was confirmed with brain imaging and the clinical definition of the
World Health Organization as follows: “it is a clinical syndrome con-
sisting of rapidly developing clinical signs of focal (or global in case
of coma) disturbance of cerebral function lasting more than 24 h or
leading to death with no apparent cause other than a vascular origin”
(Stroke Guidelines, 2016).

The exclusion criteria were the following: admission for a recur-
rent stroke or for transient ischemic accident or past medical history
with neurologic disorders or cognitive sequelae (dementia, Alzheimer
disease, ataxia, Bell’s palsy, brain tumor, cerebral aneurysm, epilepsy,
seizures, Parkinson disease, meningitis, hydrocephalus, encephalitis,

aphasia, brain attack, etc.).

2.3 | Sample size

Given that the estimated prevalence of stroke in Lebanon is 3.9% as
reported by Jurjus et al. (2009), the minimum sample size was calcu-
lated using the Epi-info 7 program to be 116 subjects. A sample size
of 150 subjects was considered in the study taking into account those
with incomplete data and others with loss to follow-up.

2.4 | Study procedures

Data collection was done by trained and qualified investigators to mini-
mize errors. Hospitals were approached to secure approval after which
eligible subjects are recruited. We selected the eligible subjects from
different departments through an access to the paper or web-based
hospital patients’ registries. After that, a face-to-face interview with
the subjects and their caregivers or legal representatives was essen-
tial to get their written consent and do the subsequent follow-up home

visits scheduled at 3, 6, and 12 months post-stroke.

2.5 | Questionnaire and scales

A structured standardized validated Arabic questionnaire was used. It
was divided into five major sections: socio-demographic characteris-
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tics (age, gender, place of residence, marital status, number of kids, age
of subject’s custodian, educational level of the subject and their cus-
todian, employment status, number of household members, number of
rooms, and type of health insurance), lifestyle (eating habits, practice
of physical activity, alcohol and other substances consumption, and the
social support), health indicators reported in the patients’ registries
(anthropometric indices, family/medical/surgical history, comorbidi-
ties, treatment taken), disease and its severity (types/ stroke classifi-
cation: Trial of ORG 10172 in Acute Stroke Treatment classification
(TOAST) (Adams et al., 1993; Lindley et al., 1993)/location/ symptoms,
length of hospital stay, severity of disease, degree of disability, evalu-
ation of quality of life), and lastly, stroke consequences noticed at 3, 6,
and 12 months (neuropsychiatric disorders, cognitive disorders, hyper-
glycemia, fatigue, post-stroke pain, falls, pressure ulcers, pulmonary
and urinary infections, deep vein thrombosis, pulmonary embolism,

seizures, and recurrence of stroke).

2.6 | Outcome measures

MMSE, first developed by Folstein in 1975 (Folstein et al., 1975), is
widely used to study the post-stroke cognition function. It measures
seven cognitive domains, including orientation to time, orientation to
place, memory registration, memory recall, attention/concentration,
language, and visual construction. The cut-off point is set at 24
defining a normal cognitive function. The severity has been clas-
sified into three levels: 24-30 = no cognitive impairment; 18-23
= mild cognitive impairment; and 0-17 = severe cognitive impair-
ment (Tombaugh & Mclintyre, 1992) (Cronbach’s alpha of (r) = .882).
Recent research has validated the use of the Arabic version of
MMSE among the Lebanese population. Intra-rater and inter-rater
test-retest score correlations were 0.89 and 0.72, respectively. A sen-
sitivity of 80% and a specificity of 89.4% were provided (El-Hayeck
etal, 2019).

National Institute of Health Stroke Scale (NIHSS) is a measurement
tool that was created in 1989 by Brott T. and his colleagues (Brott et al.,
1989), and reported as the most reliable and valid stroke severity mea-
suring instrument (Young et al.,, 2005). It is a scale that includes 15
elements for the evaluation of consciousness, language, motor func-
tion, sensory loss, visual fields, extra-ocular movements, coordination,
neglect, and speech. It is divided into five levels: O = no stroke, 1-4 =
minor stroke, 5-14 = moderate stroke, 15-20 = moderate to severe
stroke, and 21-42 = severe stroke (FAOTA, 2015) (Cronbach’s alpha
of (r) = .942). We used the validated Arabic version of NIHSS, with
intra-rater and inter-rater agreements of 0.94 and 0.95, respectively
(Hussein et al., 2015).

Modified Rankin Scale (mRS), initially described by Rankin J.in 1957
(Rankin, 1957), is a scale to evaluate the degree of disability in stroke
survivors. This scale is one of the most used tools in clinical trials, given
its reliability (Kappa = 0.81), validity, and ability to distinguish between
relevant disability levels and recovery status (Banks & Marotta, 2007;
Cheng et al., 2014). mRS is divided into seven levels from O (no symp-
toms) to 6 (death). The mild disability (independence) is graded O to 2
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and the moderate to severe disability is graded > 3 (Modified Rankin
Scale, 2017) (Cronbach’s alpha of (r) =.946).

Quality of life, Short form Health survey (SF12), is a questionnaire
developed by Ware et al. in 1996 (Ware et al., 1996) and divided into
two summary scores: physical and mental component summaries (PCS
and MCS). They express the mental and physical functions and overall
health-related-quality of life. PCS and MCS are computed through the
scores of 12 questions and range from O (lowest level of health) to 100
(highest level of health) (Cronbach’s alpha of (r) = .540). The validated
Arabic translation was considered (Al-Shehri et al., 2008; Sabbah et al.,
2003).

Questionnaire for Verifying Stroke-Free Status, designed by
Meschia et al. in 2000 (Meschia et al., 2000), is an eight-item question-
naire tackling the stroke symptoms. The purpose of this questionnaire
is to verify stroke-free status of the subjects; however, in our study
which enrolled only confirmed stroke cases, the purpose was to
report the symptoms experienced by survivors following a defined,
structured, and valid questionnaire.

Social Support Rating Scale, developed by Xiao in 1994 (Xiao, 1994),
is an instrument of 10 items to measure three dimensions of the social
support. Item scores are simply summed up, generating a total support
score ranging from 12 to 66. This total support score is classified into
three categories: low (< 22), moderate (23-44), and high (> 45).

Hospital Anxiety and Depression Scale (HADS), designed by Zig-
mond and Snaith in 1983 (Zigmond & Snaith, 1983), measures the
levels of anxiety and depression. It is a 14-item questionnaire, widely
used, divided into two scales: a scale for depression and a scale for anx-
iety. Scores range from O to 7 = normal, 8 to 10 = borderline, and 11
to 21 = abnormal (Vansimaeys et al., 2017). A recent validated Arabic
version of HADS scale was published by Al Aseri et al. in 2020 (Al Aseri
etal., 2020) (Cronbach’s alpha of (r) =.906).

Fatigue severity scale (FSS) is a nine-item self-report questionnaire
scale developed by Krupp et al. in 1989 (Krupp et al., 1989). It is the
most commonly used tool to investigate the severity of fatigue in dif-
ferent contexts. Each item is classified from 1 (strong disagreement)
to 7 (strong agreement). The cut-off was set to be > 4 (Rosti-Otajarvi
et al., 2017; Valko et al., 2008). The validated Arabic version was used
(Al-Sobayel et al., 2016) (Cronbach’s alpha of (r) = .854).

Visual analogue scale (VAS), first introduced in 1921 (Hayes & Pat-
terson, 1921), is used to express the value of the total impression for
the severity of pain by making a mark determining an integer number
from O to 10. The cut-off was set to be > 4 (Cronbach’s alpha of (r) =
.866).

Douleur Neuropathique 4 (DN4) is a 4-item questionnaire devel-
oped by Bouhassira and colleagues in 2005 (Bouhassira et al., 2005).
It is a reliable scale that differentiates between neuropathic pain and
non-neuropathic pain. For scoring, 1 is given to each positive and O to
each negative item (total score range 0-10). The cut-off value for diag-
nosis of neuropathic pain is a total score of > 4 (Cronbach’s alpha of (r)
=.878). A validated Arabic version was used (Terkawi et al., 2017).

Modified Ashworth scale (MAS), described by Bohannon and Smith

in 1987 (Bohannon & Smith, 1987), is an easy scale and commonly used
in clinical practice for the measurement and classification of spasticity.
This scale grades the muscle tone from O (normal) to 4 (severe spastic-
ity). The cut-off value for diagnosis of spasticity is a total score of > 3
(Caoetal., 2022) (Cronbach’s alpha of (r) = .933).

2.7 | Data processing and analysis

Collected data were coded, introduced, and entered into the software
Statistical Package for Social Sciences (SPSS) version 25 (SPSS™ Inc.,
Chicago, IL, USA). First, descriptive analyses were performed using
numbers and percentages for qualitative variables and means with
standard deviation (SD) for continuous variables. In addition, a one
way repeated measure Analysis of Variances (ANOVA) (Bonferroni
method) was important to assess the MMSE scores over time. Sec-
ond, the univariate analyses were conducted. The student’s t-test and
one way ANOVA were used for the comparison of means of quantita-
tive variables with a normal distribution and equal variances, whereas
the non-parametric (Kruskal-Wallis test) test for quantitative vari-
ables with an abnormal distribution and the unequal variances were
used. The Chi-square test was used for the comparison of percent-
ages between two qualitative variables. Then, multivariable analysis
using multinomial logistic regressions adjusted for age, gender, and
education was made to examine independent determinants of mild and
severe cognitive impairment. The variables with univariate association
at p < .05 were entered into logistic regression. The goodness-of-fit
statistic is reported to determine if the model provides a good fit for
the data (p > .05). The strength of association was interpreted using the
adjusted odds ratio (AOR) with 95% confidence interval (CI). A p-value
<.05 was considered statistically significant.

3 | RESULTS

A total of 10 hospitals agreed to participate in the study. Out of 183
subjects who met the required inclusion criteria, 150 were recruited
in the study (82% of the response rate), of whom 117 completed the

whole period of follow-up (shown in Figure 1).

3.1 | Baseline characteristics of the study
participants

In total, 88 (58.7%) were males and 62 (41.3%) were females. The mean
age was 73.7 with SD of 12 years. The majority were married (78%),
lived with family members (96.1%) and 87% in less crowded houses. An
important proportion of the participants were illiterate (38%). In addi-
tion, 67.3% were without any profession or retired. On the other hand,
20% of the subjects did not resume their work after having the stroke
incident (Table 1).



5028 | \WILEY Brain and Behavior BOUTROS e1 L

Open Access

TABLE 1 Baseline characteristics of the study population

Variables Frequency (N) Percentage (%) Mean (+ SD)
Gender (N = 150)

Male 88 58.7

Female 62 41.3

Age (N = 150)

30-39years 1 0.7

40-49 years 7 4.7

50-59 years 15 10.0

60-69 years 29 19.3 73.73 (+ 12.08)
70 -79 years 45 30.0

80-89 years 46 30.7

90-99 years 7 4.7

Marital status (N = 150)

Single 14 9.3
Married 117 78.0
Divorced 2 13
Widowed 17 11.3

Family members (N = 128)

Alone 5 &
With family members 123 96.1
Residence (N = 150)

Beirut 33 22.0
Mount Lebanon 107 713
Bekaa 3 2.0
North Lebanon 2 1.3
South Lebanon 5 33
Education level (N = 150)

Illiterate 57 38.0
Primary/Complementary 47 31.3
Secondary 19 12.7
University 27 18.0

Employment status post-stroke (N = 150)

Person without any profession/ retired 101 67.3
Unemployed 30 20.0
Employed 19 12.7
Social Security (N = 150)

No 25 16.7
Yes 125 83.3

Presence of a caregiver (N = 150)

No 98 65.3
Yes 52 34.7
Caregiver’s age (N=52)
Adult: 20 - 40 years 9 17.3
Middle age: 40 - 60 years 35 67.3

(Continues)



Brain and Behavior

BOUTROSET AL. S Wl LEY 60f24
TABLE 1 (Continued)

Variables Frequency (N) Percentage (%) Mean (+ SD)

Elderly: > 60 years 8 154

Stroke types

Hemorrhagic stroke (ICH) 7 4.7

Ischemic stroke 143 95.3

TOAST Classification

LAA 58 45.7

CE 6 4.7

SVO 63 49.6

OE 0 0.0

UE 0 0.0

Stroke location

Right hemisphere 60 40.0

Left hemisphere 70 46.7

Bilateral hemisphere 10 6.7

Brainstem 1 0.7

Cerebellum 9 6.0

Abbreviations: SD, standard deviation; ICH, intracerebral hemorrhage; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; LAA, large artery
atherosclerosis; CE, cardioembolism; SVO, small vessel occlusion; OE, stroke of other determined etiology; UE, stroke of undetermined etiology.

Number of participating
hospitals (N=10):

!

Number of subjects meeting
the inclusion criteria:
N=183

Number of excluded subjects (N=33):
¥' 19 subjects refused to participate
v 14 subjects whose communication
was impossible

Number of subjects included
in the analysis of the study:
N=150

Number of subjects lost to follow up
(N=33):
v' Death of 32 subjects (27 at 3 month,
3 at 6 month, and 2 at 12 month post
stroke)
v' Loss of contact with one subject at
12-month follow un

Number of subjects who
completed the 3-time series
of follow up (3, 6 and 12
month):

N=117

FIGURE 1 Flowdiagram of the steps followed to obtain the
sample of the study

3.2 | Stroke characteristics and its severity

As shown in Table 1, a total of 143 subjects (95.3%) suffered from
ischemic stroke classified as follows: 48.8% with small vessel occlu-
sion (SVO), 46.3% with large artery atherosclerosis (LAA), and 5%
with cardioembolism (CE), versus 7 subjects (4.7%) who suffered from
intracerebral hemorrhagic stroke. Regarding the affected location,

46.7% were found to have involvement of the left hemisphere while

40% of the subjects had right hemisphere involvement. There were
only 6.8% of subjects who had received an intravenous thrombolysis.
The majority (70%) was not able to express themselves verbally or
inwriting at the time of stroke and experienced a weakness on one side
of the body. The stroke severity, degree of disability, and components
of QoL were estimated by NIHSS scores, mRS scores, and SF12 scores,
respectively, at each time of the follow-up. At 3 months, 16.8% of the
subjects were found to have severe stroke (Figure S1). mRS scores were
decreasing over time indicating greater independence in ADL, rang-
ing from 16% to 18% with scores > 5 at 3 months to less than 1.6%
at 12 months post-stroke (Figure S2). Regarding SF12 scores summa-
rized in Table S1, we obtained low scores of physical (PCS) and mental
(MCS) components of QoL (means between 28 and 40) at 3, 6, and 12
months. Levels were less than the theoretical average scores (cut-off
of 50 for PCS and 42 or MCS). At index admission, 47 (31.3%) subjects
were already on antiplatelet and anticoagulation agents. At discharge,

these drugs were prescribed to 141 (94%) subjects.

3.3 | Rate of PSCI

Out of 150 enrolled subjects, 27 were deceased (18%) in the 3 months
post-stroke, followed by 3 (2.4%) in the 6 months and 2 (1.7%) in the 12
months of follow-up. One subject was lost to follow up by the 12-month
visit. Therefore, we could not have their MMSE.

At 3months post-stroke, the majority of stroke survivors (74.8%,n =
123) were cognitively impaired of whom 66 (53.7%) with severe impair-
ment (MMSE < 17) and 26 (21.1%) with mild impairment (18 < MMSE <
24), whereas 31 survivors (25.2%) remained cognitively intact (MMSE
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@=gmwNo cognitive impairment (24 <MMSE <30) «#=Mild cognitive impairment (18 < MMSE < 23)
@simSevere cognitive impairment (0 < MMSE < 17)

100.0%

80.0%
62.4%

60.0% 53.7% 53.3%

40.0% 28.3%
25.29% =
18.8%

o= ; y
21.1% =
18.3% 18.8%

20.0%

Percentage of subjects

0.0%

3 months (N=123) 6 months (N=120) 12 months (N=117)

Time (in months)

FIGURE 2 Severity of cognitive impairment over 3, 6,and 12
months post-stroke. MMSE, Mini-Mental State Examination

> 24). The cognitive impairment gradually decreased over time, at 6
and 12 months post-stroke, with percentages of 46.7% (28.3% severely
impaired and 18.3% mildly impaired) and 37.6% (18.8% with mild to
severe cognitive impairment), respectively (shown in Figure 2 and
Figure S3). Figure 3 and Figure S4 summarize the different cognitive
domain scores of MMSE across the three time series. We found that all
cognitive domains were affected in the 3-month post-stroke with the
highest percentage of impairment detected in attention/concentration
(96.7%, score < 4) and memory recall (82.9%, score < 3), followed by
the visual construction (61%, score = 0), orientation to time and place
(50%, score < 4), language (43.1%, score < 5), and memory registration
(41.5%, score < 3). A substantial improvement of these domains was
highlighted in the following 6 to 12 months post-stroke, except for the
impairment of attention/concentration, which slightly decreased from
10% to 20% but remained to be of particular concern (85% at 6 months
vs 63.2% at 12 months).

A one way repeated measures ANOVA was conducted to evaluate
the null hypothesis that there was no change in the cognitive function
over the time after the first-stroke (N = 117). The results designated a
significant time effect, Wilks’ Lambda = 0.528, F (2, 115) = 51.439,p <
.001,n2 =0.472. Thus, there was evidence to reject the null hypothesis.
Follow-up comparisons indicated that each pairwise difference was sig-
nificant, p <.001. There was a significant increase of MMSE scores over

time, indicating an improvement of the cognitive function over time.

3.4 | Factors associated with cognitive impairment
post-stroke

Univariate analysis was made to compare the subjects with PSCI and
the unharmed subjects, at 3, 6, and 12 months (Tables 2-4 and Tables
S2-54).

Their mean MMSE scores were 13.08 (+ 6.52) and 25.84 (+ 1.49),
respectively (p < .001) at 3 months. They became 13.80 (+ 6.92) and
26.69 (+ 1.59) at 6 months versus 14.77 (+ 6.72) and 28.37 (+ 1.93) at
12 months, respectively (p <.001).
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Factors that were significantly associated with severe cognitive
function decline (MMSE < 17) in the three time series post-stroke were
the atrial fibrillation (AF) (27% to 46%) (p < .010), sedentary lifestyle
>12 h/day (55% to 77%) (p <.001), NIHSS >21 (30% to 60%) (p <.001),
mRS >3 (85% to 95%) (p <.001), and low scores of PCS and MCS of the
QoL (<30) (p <.05).

In addition to the above, we also found some associations with var-
ious complications post-stroke as follows: HADS_A > 11 (35% to 60%)
(p <.022), HADS_D > 11 (80% to 95%) (p < .001), physical disorders as
FSS >4 (85% to 100%) (p <.026), VAS > 4 (45% to 86%) (p <.015), MAS
> 3(33%to 59%) (p <.001), joint contractures (50% to 60%) (p <.013),
falls at 3 and 6 months post-stroke (35% to 60%) (p < .006), pressure
ulcers (47% to 68%) (p <.001), and pneumonia at 3 months post-stroke
(28% to 42%) (p < .046).

On the other hand, the relation with other determinants varied
across these three time points.

At 3 months, a significant association was found between severe
cognitive impairment (MMSE < 17) and old age (p = .008) (81.8% of
subjects were aged > 65 years old) and the presence of a caregiver
(47%) (p = .002). In addition, a mean duration of hospital stay of >
9 days was associated with mild to severe cognitive impairment (p <
.001). Adversely, employment post-stroke (45.2%) (p = .001) showed
better cognitive function (MMSE >24).

At 6 months, falls (35.3%) (p = .003), epileptic seizures (17.6%) (p =
.001), DVT at 3 months post-stroke (23.5%) (p = .012), pneumonia that
occurred at 6 months (24.2%) (p = .001), and recurrent stroke at 3 and
6 months post-stroke (9% to 15%) (p <.047), all affected the cognitive
function of the recruited subjects resulting in severe damage (MMSE
< 17). Shoulder subluxation at 3 months (15.2%) (p = .012) was asso-
ciated with MMSE < 17, but its occurrence at 6 months (9.1%) was
associated with 18 < MMSE < 23 (p =.033). However, high level of edu-
cation (secondary or university education) (48.4%) (p = .049) presented
a protective factor for the cognitive function (MMSE > 24) at 6 months.

At 12-month follow-up, age > 65 years old (90.9%) (p = .028), having
aleft hemisphere stroke (45.5%) (p =.006), an ICU stay at stroke occur-
rence (59.1%) (p = 0.011), evidence of recurrent stroke at 12 months
(18.2%) (p = 0.002), falls at 6 months post-stroke (41%) (p = .006),
shoulder pain at 12 months post-stroke (36.4%) (p = .013), pneumonia
at 6 months post-stroke (33.3%) (p <.001), and DVT at 3 months post-
stroke (22.7%) (p = .048) showed a significant association with MMSE
< 17. Moreover, subjects suffering from neuropathic pain (DN4 > 4) at
3 and 12 months presented with mild-to-severe cognitive impairment
(20% to 40%) (p < .012), whereas high educational level (45.2%) (p =
.005) and use of antidiabetic treatment post-stroke (55%) (p = .007)
were associated with normal cognitive function (MMSE > 24).

Multivariable analysis using a multinomial logistic regression model
was performed to identify the factors that were independently asso-
ciated with cognitive impairment at 3, 6, and 12 months after stroke
(shown in Table 5). Our data have shown an important independent
contribution of different factors to the rate of mild or severe PSCI
across the three periods.

At 3 months post-stroke, anxiety was positively associated with 18
< MMSE < 23 (AOR = 2.698, 95% ClI = [1.045 - 6.968], p = 0.040).
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FIGURE 3 Mean scores of the different cognitive domains of MMSE across the three periods of follow-up

Whereas, old age, sedentary lifestyle (> 12 h/day), and depression 3-
month post-stroke increased two to three times the risk of severe
cognitive impairment (MMSE < 17) (AOR = 2.371, 95% Cl = [1.191-
4.720], p = .014; AOR = 3.062, 95% CI| = [1.097-8.549], p = .033;
AOR = 2.536, 95% Cl = [1.004-6.403], p = .049, respectively). In con-
trast, subjects who resumed work post-stroke and had higher PCS
scores of QoL were less likely to develop PSCI (AOR = 0.310, 95% Cl
=[0.113-0.853], p = .023; AOR = 0.795, 95%CIl = [0.704-0.897], p <
.001).

At 6 months, old age (AOR = 3.059, 95% Cl = [1.442-6.487],p =
.004) and severe stroke (NIHSS > 21) (AOR = 3.231, 95% Cl =[1.335-
7.820], p = .009) affected severely the cognitive function (MMSE <
17), whereas high educational level presented as a protective factor
for the cognitive function (AOR = 0.059, 95% CI = [0.008-0.458],
p=.007).

At the 12-month follow-up, old age, HADS_D > 11, high NIHSS
scores, continued to exhibit a significant contribution to induce an
impairment of the cognitive function (AOR = 2.186, 95% Cl = [1.037-
4.608], p =.040; AOR = 3.490, 95% Cl =[1.256-9.695],p =.017; AOR
= 3.375, 95% Cl = [1.483-7.688], p = .004, respectively). Moreover,
we noted that the left hemisphere stroke increased approximately
threefold the risk of late cognitive decline (AOR = 2.710, 95% Cl =
[1.328-5.528], p =.006).

On the other hand, females were 91% less likely to develop MCI
at 12 months post-stroke (AOR = 0.087, 95%Cl = [0.010-0.755], p
=.027), and the subjects who were on anti-diabetic treatment post-
stroke had 82% lower risk of 12-month mild to severe cognitive
impairment (AOR =0.182,95% Cl =[0.037-0.894], p =.036). Similarly,
high educational level and higher PCS scores of QoL stayed having a
significant association with higher scores of MMSE at 12 months post-
stroke (AOR =0.159, 95% Cl =[0.027-0.951], p = .044; AOR = 0.808,
95% Cl =[0.684-0.954], p = .012, respectively).

4 | DISCUSSIONS

To the best of our knowledge, this is the first study of its kind in
Lebanon. The main objective was to calculate the MMSE scores among
stroke survivors, to evaluate the different cognitive domains and to
determine the proportion and the predictors of PSCI at three time
points post first-ever stroke: 3, 6, and 12 months. Overall, PSCI was
very high in the first-ever stroke survivors ranging between 74.8% in
the early stage and 37.6% in the late stage. Subjects with a cogni-
tive impairment at an acute phase had very low MMSE scores (< 17)
that were associated with poorer functional outcome and QolL. Age,
low educational level, high NIHSS scores, low PCS of QoL, sedentary
lifestyle,and high HADS_A and HADS_D scores were the mainindepen-
dent predictors of the deficit in MMSE scores among Lebanese stroke
survivors. A significant substantial 37% improvement of the cognitive
function was seen at 1 year post-stroke.

Compared to different eastern and western countries, PSCI rate at
acute phase in Lebanon is one of the highest rates, similar to the rates
in Shanghai, China (88.1%) (Li et al., 2020), and South Korea (69.8%)
(Yu et al., 2013), but greater than the rates obtained in USA, France,
Britain, Australia, Sweden, India, Norway, Singapore, Nigeria, and Egypt
that range between 20% and 50% (Akinyemi et al., 2014; Essmat et al.,
2021;Sun et al., 2014). This variability might be explained by the differ-
ence in countries, race, and the used diagnostic criteria, in addition to
different factors reported in the present study.

Various factors were identified as the determinants of PSCI over 1
year of follow-up among Lebanese survivors.

Age was the main predictor across the three time points. PSCI
decreases exponentially as age increases (Levine et al., 2018; Sun et al.,
2014),which can be explained in biological terms by the deposition of -
amyloid, one of the pathological hallmarks of Alzheimer’s disease (Doré
etal,2013).
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TABLES

Factors associated with PSCI at 3 months®
Mild PSCI (18 <MMSE <23)

Employment post-stroke

HADS_A > 11 at 3 month post-stroke
Severe PSCI (MMSE < 17)

Age

Sedentary behavior (> 12 h/day)

PCS score of QoL at 3 months

HADS_D > 11 at 3 months post-stroke
Factors associated with PSCI at 6 months®
Mild PSCI (18 < MMSE < 23)

Age

Secondary or university education

Severe PSCI (MMSE < 17)

Age

NIHSS > 21 at 3 months post-stroke
Associated factors with PSCI at 12 months®
Mild PSCI (18 < MMSE < 23)

Gender, Female

Age

Secondary or university education

PCS score of QoL at 12 months

Use of anti-diabetic medication post-stroke
HADS_D > 11 at 3 months post-stroke
Severe PSCI (MMSE < 17)

Age

Secondary or university education

Stroke location, left hemisphere

NIHSS score at 3 months post-stroke

PCS score of QoL at 12 months

Use of anti-diabetic medication post-stroke

WILEY-|22*

Independent determinants of post-stroke cognitive impairment using multinomial logistic regression analysis

Adjusted OR[95% Cl] p-Value
0.310[0.113-0.853] .023
2.698[1.045-6.968] .040
2.371[1.191-4.720] 014
3.062[1.097-8.549] .033
0.795[0.704-0.897] <.001
2.536[1.004-6.403] .049
3.259[1.482-7.166] .003
0.059[0.008-0.458] .007
3.059[1.442-6.487] .004
3.231[1.335-7.820] .009
0.087[0.010-0.755] .027
2.378[1.164-4.856] .017
0.115[0.021-0.625] 012
0.833[0.719-0.965] .015
0.166[0.039-0.712] 016
3.490[1.256-9.695] .017
2.186[1.037-4.608] .040
0.159[0.027-0.951] .044
2.710[1.328-5.528] .006
3.375[1.483-7.678] .004
0.808 [0.684-0.954] .012
0.182[0.037-0.894] .036

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; PSCI, Post-stroke Cognitive Impairment; MMSE, Mini-Mental State Examination; HADS_A,
Hospital Anxiety and Depression Scale_Anxiety score; PCS of QoL, Physical Component Summary of the Short Form Health survey (SF12) for evaluation of
the quality of life; HADS_D, Hospital Anxiety and Depression Scale_Depression score; NIHSS, National Institutes of Health Stroke Scale.

2Classification table: Global percentage 74.6%, Model fit test <.001, Nagelkerke R-Square 0.630, Goodness of fit test 1.000.

bClassification table: Global percentage 78.3%, Model fit test < .001, Nagelkerke R-Square 0.666, Goodness of fit test 1.000.

“Classification table: Global percentage 82.5%, Model fit test < .001, Nagelkerke R-Square 0.669, Goodness of fit test 1.000.

All of these multivariate analyses included all variables and confounding factors that had a value of p <.05 in the univariate analysis. The method of selection
of the variables which has been chosen here is the backward stepwise method. The reference category is the absence of PSCI (MMSE > 24).

Interestingly, males were more likely to be affected than females.
This observation was statistically significant in the late phase (1-year
post-stroke) with mild cognition decline (18 < MMSE < 23). This was
found inconsistent with the results of most of the previous studies (Au
etal, 2017; Jiaet al., 2020; Levine et al., 2018).This could be explained
by the fact that males in our study have had more comorbidities than
females and were more exposed to psychological complications. In
addition to these possible reasons that were discussed by Wang and

collaborators in 2020 (Wang et al., 2020), some studies reported that
gender difference varies according to the type of dementia, with higher
rate of Alzheimer’s disease in females and more vascular dementia in
males (Au et al., 2017; Gannon et al., 2019).

Moreover, previous studies have shown that high educational level
and employment post-stroke are associated with better cognitive per-
formances (Hatem et al., 2016; Kemp et al., 2019; Levine et al., 2018;
Mahon et al., 2017; Sun et al., 2014). People with higher reserve can
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endure more neurological problems and can maintain brain function
for longer periods of time than people with lower reserve. They have
a more favorable and healthier lifestyle, better compliance to treat-
ment and better access to healthcare leading to less cognitive decline
and dementia (Srithumsuk et al., 2020). However, in the present study,
illiteracy and lower educational level were remarkable among partic-
ipants as well as unemployment post-stroke, consequently affecting
their cognitive function.

Our results showed that the odds of severe PSCI increased three
times when sitting hours increased to > 12 h/day, which was high-
lighted also by a study conducted among five population cohorts from
Greece, Australia, USA, Japan, and Singapore in 2020 (Maasakkers
et al., 2020). Stroke survivors tend to be less active, spend more time
sedentary compared to stroke-free people (Viktorisson et al., 2021).
They become less energetic, less concentrated, less motivated, more
depressed, more anxious, and more likely to isolate themselves without
any accomplishment. Therefore, regular physical activity of at least 30
min of moderate intensity one to three times per week during stroke
rehabilitation phase is highly recommended as part of the secondary
prevention by the American Heart Association (2021).

Furthermore, AF was found to be a significant risk factor for mild
and severe PSCI at early and late stage; in accordance with the litera-
ture, AF may result in downstream cerebral hypoperfusion, heightened
inflammatory responses, silent ischemia, reduced brain volumes, and
cerebral microbleeds, all of which have been implicated in PSCI (Mor-
sund et al., 2019; Siennicki-Lantz et al., 2008); however, this effect was
lost when considering confounding risk factors in our study.

Inversely, the use of antidiabetic medication in our population was
shown to be an independent protective factor against PSCI at 12
months post-stroke similarly to the study of Swardfager and Maclntosh
(2017). Therefore, we must highlight the most important approaches
in the prevention of cognitive sequelae, including an optimal glycemic
control and a healthier lifestyle intervention such as a proper diet and
physical activity as mentioned earlier in the paper.

Pendlebury and Rothwell reviewed 73 cohort studies of post-stroke
dementia in a total of 7511 patients and they shed light on the impor-
tance of the stroke burden itself (stroke severity, location of the stroke:
left hemisphere, volume of the infarct) in the cause of PSCI (Pendlebury
& Rothwell, 2009). This is comparable to our findings. The involvement
of the left hemisphere was shown to be an independent predictor of
severe cognitive impairment at 1 year post-stroke, increasing three-
fold the risk of PSCI. Regarding the stroke subtypes, MCI was found
slightly higher in lacunar stroke (SVO) compared to non-lacunar stroke
(LAA) but was not statistically significant, similarly to the systematic
review and meta-analyses of Makin et al. (S. D. Makin et al., 2018; S.
D. J. Makin et al., 2013). SVO is the most common vascular cause of
cognitive impairment affecting the brain diffusely. In addition, the dura-
tion of hospital stay > 9 days at the stroke occurrence was associated
with decreasing scores of MMSE in the following 3 to 6 months. Pro-
longed hospitalization worsens the situation of patients, exposing them
to serious complications and more sequelae (Mathews et al., 2014).

In the rehabilitation phase, survivors with PSCI are more likely to

be dependent in ADL, having high stroke severity and poorer mental
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and physical QoL (Mohd Zulkifly et al., 2016). Similarly, in the present
study, increasing NIHSS scores, HADS scores, and mRS scores and
decreasing PCS and MCS and SF-12 of QoL at 3, 6, and 12 months
were positively associated with lower MMSE scores over time. After
adjusting for age, gender, educational level, and severity of stroke,
anxiety and depression post-stroke (HADS_A and HADS_D scores >
11), in addition to the lower PCS of QoL, remained as independent
strong predictors of PSCI across the three time periods of follow-up.
Motor deficit after stroke, including falls, general pain, neuropathic
pain at 3 and 12 month, fatigue, shoulder subluxation, joint contrac-
tures, muscle spasticity, DVT, and pressure ulcers were contributing
to the reduction in MMSE scores, similarly to numerous international
studies (Graber et al., 2019; Harrison & Field, 2015; Lui & Nguyen,
2018; Renjenetal.,2015; Segev-Jacubovskiet al.,2011). Survivors usu-
ally experience sleep disturbances, low motivation, low self-esteem,
mood changes, chronic stress, and worries about their future due to
disabilities. All these physical and emotional limitations affect their
performance in executive function, memory, speed, and motor pro-
cessing (Quattropani et al., 2018; Mohd Zulkifly et al., 2016). Hence,
an emergency rehabilitation program for patients and their families is
essential to enable them to achieve their highest possible level of inde-
pendence. There is a crucial early need to focus on controlling motor
movement and psychological factors in the different stages of stroke.

Last, we found that pneumonia post-stroke induced short-term and
long-term severe cognitive impairment. Emerging evidence suggests
that immune responses are implicated in long-term cognitive decline
and dementia after stroke (Elkind et al., 2020; Wille-Jgrgensen et al.,
2005). Autoantibodies against myelin basic protein are associated with
increased cognitive decline in the first year after stroke (Becker et al.,
2016).

Thus, concurrent impairments should be recognized both in a short-
and long-term perspective in order to identify and target the patientsin
need of prolonged rehabilitation to prevent further functional decline.

4.1 | Strengths and Limitations

A number of limitations require consideration. First, the main limita-
tion was the small sample size recruited following the unique study
considering a low prevalence of stroke in Lebanon (Jurjus et al., 2009)
of 3.9% according to other countries. Second, we failed to compare
baseline scores of NIHSS, mRS, and MMSE with the three time series
scores because of lack of assessment tools in the participating hos-
pitals. Third, these latter were limited to the regions of Beirut and
Mount Lebanon, regardless of the fact that subjects came from all
governorates; this affected the generalizability of our results. Fourth,
despite the results which were statistically significant, there was a loss
to follow up due to the number of deaths at 3 months, the fact that we
could not assess their cognitive function that was highly suspected to
be impaired; therefore, we believe that the cognitive function is under-
estimated in our study. Fifth, we should mention that illiteracy in the
present study (38% of the participants) was an important confounder

and it is well known that illiteracy tends to affect cognitive functioning.
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Nevertheless, our study was a multicenter longitudinal prospec-
tive study and one of the few such studies carried out in Lebanon
which used international standardized, validated, and reliable measur-
ing instruments. We have tried to avoid information bias by using the
Arabic versions of these instruments. These instruments were per-
formed by highly qualified and well-trained investigators through a
face-to-face interview with the subjects so the degree of bias usually
resulting from self-completed questionnaires due to misunderstand-
ing of the questions was declined. On the one hand, we have employed
measures to tap different aspects of post-stroke sequelae. This is,
indeed, the novelty of this study. On the other hand, since the subjects
were followed for 12 months, some of the measures were repeated,
and it is unclear whether there was an effect on learning (Wesnes &
Pincock, 2002). Similarly, another confounding factor should be con-
sidered, the phenomenon known as spontaneous recovery in people
who have sustained neurological events (Cramer, 2008). Lastly, PSCl is
a multifactorial disorder, so we did not miss and relatively considered
the majority of significant potential explanatory factors.

Hence, conclusions should be confirmed in a larger cohort. Our find-
ings may be useful to draw hypotheses on stroke burden and its heavy
physical and mental implications for further analyses. Future studies
should take into account all the weak points and a larger sample size

across Lebanon must be considered to confirm our findings.

5 | CONCLUSIONS

PSClI is a major cause of handicap, morbidity, and mortality. We con-
cluded that PSCI rate at acute phase in Lebanon is one of the highest
rates worldwide. A substantial improvement of the cognitive function
was highlighted at 1 year post initial stroke. Various factors were iden-
tified as major determinants among Lebanese survivors. We must shed
light on the early phase post-stroke, which is the most critical and sen-
sitive phase affecting the short- and long-term cognitive functioning
post-stroke. Stroke patients should be closely and regularly monitored
in the rehabilitation phase, especially in the early phase. Appropriate
evaluation of cognitive function, identification of the risk factors, and
providing more comprehensive assessment to stroke survivors from
the beginning would be useful in the post-stroke phase. A standard-
ized protocol and rehabilitation program to cope with the burden of
stroke should be implemented to best address the management of
the risk factors, including broad neuropsychological evaluation besides
screening measures to improve the functional outcome, the cognitive
function, and to prevent associated consequences. Finally, there is a
need to increase public awareness. A valuable coordination, collabo-
ration among healthcare professionals and a solid support from the
families and caregivers can contribute to the fast and smooth recovery

of stroke survivors.
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