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Abstract
Prevalence and risk factors associated

with memory disturbance and dementia
were determined in acute ischemic stroke
(AIS) patients in hospitals before discharge,
three and six months after stroke. A
prospective cohort study was conducted
during January-December 2017 with 401
AIS patients admitted to Srinagarind
Hospital, Khon Kaen Hospital and Chum
Phae Hospital, Khon Kaen, Thailand. The
demographics and clinical characteristics,
previous illness and past medical history,
and laboratory test results of the patients
were collected from the medical records,
while depression screening, NIH stroke
scale (NIHSS) scoring and mini mental
state examination (MMSE) were performed
using particular medical record forms. The
prevalence of memory disturbance and
dementia was 56.6, 41.6 and 38.2% before
discharge, three and six months after stroke,
respectively. Based on logistic regression
analysis, age, education and stroke severity
were the risk factors associated with the
studied disorders before discharge and three
months after stroke. Meanwhile, age and
education were the risk factors for six
months after stroke. Our findings suggested
that the prevalence of memory disturbance
and dementia remained high at all study
periods.

Introduction
Post-stroke dementia (PSD) is any

dementia present a few months after stroke,
irrespective of its cause and causal relation-
ship with stroke. Stroke is the most com-
mon cause of dementia accounting for 66%
of all cases, followed by Alzheimer’s dis-
ease (33%), and a combination of these two
disorders and other risk factors (1%), such
as aging, low education level, diabetes mel-
litus, atrial fibrillation, myocardial infarc-
tion, hypertension, medial temporal lope
atrophy and white matter changes.1 The
prevalence of post-stroke cognitive impair-
ment and dementia ranges from 20 to
80%.2,3 depending on the population stud-
ied, the criteria used for the diagnosis of
dementia or memory disturbance and the
time interval between the stroke and the
neuropsychological assessment.3 PSD has a
profound adverse effect on stroke patients,
causing the patients to live with reduced
ability or even with disability in their daily
life.4 The survival rate of stroke patients
with dementia has been reported to be 5.1
years while those without dementia show
the survival rate of 8.8 years.5 Moreover,
patients with dementia are likely to have
twice the risk of recurrent stroke when com-
pared to those without dementia.6
Additionally, dementia is one of the most
important factors of mortality in stroke
patients, in which the mortality rate of
stroke patients with dementia is three times
greater than those without dementia.7

In general, the determinants of memory
disturbance and dementia in stroke patients
include: (i) patient demographics and clini-
cal characteristics, such as increasing age,5
low educational levels6,8,9 and cognitive
impairment before stroke;6 (ii) vascular risk
factors, such as diabetes mellitus6,8,10,11

hypertension,12 atrial fibrillation,12 myocar-
dial infarction,1 smoking5,6,11 and alcohol
consumption;13 (iii) stroke factors, such as
previous stroke,8 recurrent stroke;8 (iv)
stroke complication, including inconti-
nence, acute confusion, hypoxic ischemic
episodes and early seizures;8 and (v) abnor-
malities on brain imaging, such as
leukoaraiosis, atrophy, medial temporal
lope atrophy, size and number of lesions
and white matter changes.8,10 The main
mechanisms of post-stroke dementia are the
direct effect of stroke, such as lesions on
small cerebral vessels which result in cere-
bral micro bleeds (CMBs) and may be relat-
ed to delayed memory impairment.
Neuroanatomical lesions, such as hip-
pocampal sclerosis and white matter lesions
(WMLs), may also contribute to dementia
and post-stroke dementia associated with

asymptomatic Alzheimer pathology.3
The common symptoms of memory dis-

turbance and dementia, which frequently
occur a few months after stroke, include
short-term memory impairment, language
deficits, mood swings and behavioral
changes, or even disability to live daily life.
Even though there are a number of treat-
ments currently available for dementia,
most of which are developed for palliative
purposes and are limited in number. Such
treatments include cholinesterase inhibitors
used to relieve the symptoms by improving
awareness,14,15 and brain rehabilitation and
constant brain training like memory train-
ing, calculations, speech, writing and learn-
ing new things.16 For this reason, most
approaches to memory disturbance and
dementia treatments focus on preventing
recurrent stroke, controlling and reducing
the risk factors for stroke, as well as pre-
venting complications in stroke patients,17

which is important.
Many previous studies have reported

differences in the prevalence and incidence
of cognitive impairment and dementia after
stroke. Besides, the causes and risk factors
for cognitive impairment and dementia are
still debated. Therefore, the purpose of this
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prospective observational cohort study was
to determine the prevalence and factors
associated with memory disturbance and
dementia in acute ischemic stroke (AIS)
patients in hospitals before discharge, and
after 3 and 6 months of follow-up. This
study should provide a foundation for future
health service management to reduce the
prevalence and risk factors associated with
memory disturbance and dementia in AIS
patients.

Materials and Methods

Subject/patient selection 
A prospective observational cohort

study was employed in this study. A total of
401 (male: 216 and female: 185) AIS
patients admitted to the Stroke Unit of
Srinagarind Hospital, Khon Kaen Hospital
and Chum Phae Hospital in Khon Kaen
province of Thailand from January 1 to
December 31, 2017 with a documented
diagnosis of AIS were selected.

Stroke patients meeting any of the fol-
lowing criteria were excluded from the
study: (i) having a history of depression
diagnosis, being at risk of depression as
evaluated by 2Q/9Q depression screening
questionnaires or undergoing medications
for depression, (ii) having a history of diag-
nosis or comorbidities or undergoing treat-
ments for vitamin B12 deficiency, renal
failure, thyroid hormone deficiency,
syphilis, HIV, Pick’s disease, Creutzfeldt-
Jakob disease, Huntington’s disease,
Parkinson’s disease, Alzheimer’s disease,
(iii) having hearing loss, and (iv) having
visual or communication impairments.
Stroke patients being possibly at risk of
worsened symptoms if they participated in
the study as suggested by their physicians
were also excluded.

Data collection
A retrospective chart review was then

conducted to abstract the following infor-
mation from each patient included in the
study: patient demographics and clinical
characteristics (age, sex, education, alcohol
consumption, smoking, type of stroke,
stroke location, stroke severity, depressive
disorder, and memory disturbance and
dementia); previous illness and past med-
ical history and comorbidities (atrial fibril-
lation, prior stroke, myocardial infarction,
hypertension, diabetes mellitus, transient
ischemic attack, heart failure, hypercholes-
terolemia, a family history of memory dis-
turbance and dementia, use of drugs that
may lead to dementia [antiplatelet agents,
anticoagulants, β-adrenoceptor blocking

drugs, positive inotropic drugs, diuretics,
vasodilators, centrally acting antihyperten-
sive drugs, α-adrenoceptor blocking drugs,
angiotensin-converting enzyme inhibitors,
angiotensin-II receptor antagonists, nitrates,
sodium channel blockers, calcium channel
blockers, lipid-regulating drugs, and antidi-
abetic drugs], and length of hospital stay);
and laboratory test results (systolic and
diastolic blood pressure, blood sugar level,
glycated hemoglobin (HbA1C) level, LDL,
HDL and total cholesterol level, triglyc-
eride, and atrial fibrillation and/or other
arrhythmia in the EKG). The information
was collected from patients in hospitals
before discharge, and after 3 and 6 months
of follow-up.

Measurements

Prior stroke, stroke, ischemic brain
infarction, and transient ischemic attack

Prior stroke was diagnosed according to
the previous diagnoses or treatments, while
stroke was diagnosed according to the
World Health Organization (WHO) criteria
and according to the International
Classification of Diseases and Related
Health Problem 10th Revision (ICD10) cri-
teria.18 According to WHO, stroke cases
must meet the following qualifying criteria:
(i) having clinical syndromes which cause a
partial or complete loss of cerebral func-
tions, thus leading to death, (ii) having
symptoms, caused by stroke, that occur sud-
denly or last for >24 h, and (iii) having
signs and symptoms indicated by brain
imaging techniques (magnetic resonance
imaging (MRI) and/or computed tomogra-
phy (CT) scan). On the other hand, based on
the ICD10, stroke cases must meet the fol-
lowing qualifying criteria: (i) having rapid-
ly developing signs of focal (or global) dis-
turbance of cerebral function, leading to
death or lasting for >24 h, with no apparent
cause other than vascular causes,19 and (ii)
having signs and symptoms indicated by
CT scan and/or MRI. Stroke severity was
assessed using the NIH stroke scale
(NIHSS), which consists of 11 questions in
which the highest score indicates poor post-
stroke clinical manifestations and lower
scores indicate better post-stroke clinical
presentations as follows: ≤ 4 = mild impair-
ment; 5-14 = mild to moderate; 15-24 =
severe; and ≥ 25 = very severe.20 Ischemic
brain infarction was diagnosed according to
the ICD10 criteria, when MRI or CT imag-
ing shows no hemorrhage, which was clas-
sified as cardio embolic (CE) if a cardiac
source of embolus was found with all other
ischemic infarcts classified as atherothrom-
botic brain infarcts and infarcts of unknown
origin.

Transient ischemic attack (TIA) was
diagnosed according to the ICD10 criteria,
and was as signs and symptoms of neurolog-
ical disorders caused by stroke, which disap-
pear within 24 h after the onset of stroke.

Depressive disorder, and memory distur-
bance and dementia

Depressive disorder was evaluated using
both two questions (0 = normal; 1-2 = abnor-
mal) and nine questions (<7 = normal; 7-12 =
mild; 13-18 = moderate; and >19 = severe).21

Memory disturbance and dementia were
assessed using the mini mental state examina-
tion or MMSE (MMSE Thai-2002), which
comprises 11 questions with the highest score
of 30.22 Patients with the MMSE scores of <
23 were classified as having memory distur-
bance and dementia. Dementia was also diag-
nosed according to the modified diagnostic
and statistical manual of mental disorders V
(DSM-V) criteria.23

Hypertension
Hypertension was diagnosed according

to the JNC7 guideline24 or according to the
previous diagnoses or treatments.
Hypertension cases must meet the following
qualifying criteria: (i) systolic blood pressure
≥140 mmHg, and (ii) diastolic blood pressure
≥90 mmHg. Measurements were performed
at least twice after a 10-min rest.

Diabetes mellitus
Diabetes mellitus was diagnosed accord-

ing to the World Health Organization (WHO)
criteria25 or according to the previous diag-
noses or treatments. Diabetes mellitus cases
must meet all the following qualifying crite-
ria: (i) fasting plasma glucose (FPG) ≥126
mg/dL, (ii) casual plasma glucose ≥200
mg/dL with symptoms of diabetes, and (iii)
plasma glucose ≥200 mg/dL after 2 h of oral
glucose tolerance test (OGTT). All measure-
ments were performed at least twice.

Hypercholesterolemia
Hypercholesterolemia was diagnosed

according to the National Cholesterol
Education Program (NCEP) and Adult
Treatment Panel III (ATPIII) criteria.26

Hypercholesterolemia cases must meet all the
following qualifying criteria: (i) total choles-
terol level >240 mg/dL, (ii) LDL cholesterol
level >160 mg/dL, (iii) HDL cholesterol level
<40 mg/dL, and (iv) triglyceride >200
mg/dL.

Statistical analyses
The demographics and frequencies of

patients are expressed as the number and per-
centage. Comparisons of dichotomous and
categorical variables were conducted using
Chi-square (χ2) analysis with Fisher’s exact
test used for comparisons with the expected
cells of <5 exceeding 20%. Comparisons of
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continuous data were performed using t-tests
for normally distributed variables and Mann
Whitney U tests on variables that did not
meet the assumption of normality.
Multivariate analysis and backward stepwise
logistic regressions were carried out to identi-
fy the independent variables associated with
memory disturbance and dementia after AIS.
Several exposure variables were included in
multiple conditional logistic regression
analysis, and the results are expressed as the
approximate relative risk (odds ratio; OR)
and 95% confidence interval. The P values of
<0.05 were considered to be statistically sig-
nificant in all analytical procedures. All
analyses were performed using STATA v 10.0
(StataCorp, College Station, TX, USA).

Results

Patient demographics, clinical char-
acteristics and stroke prevalence

The patient demographics, previous ill-
ness and past medical history, and laboratory
test results and clinical characteristics of AIS
patients with and without memory distur-
bance and dementia are given in Tables 1-3.
As shown in Table 1, it was found that the
number of male AIS patients (216, 53.9%)
was greater than that of female AIS patients
(185, 46.1%), and the prevalence of memory
disturbance and dementia was highest
(56.6%) in AIS patients in hospitals before
discharge, followed by those undergoing fel-
low-up evaluations after three (41.6%) and
six (38.2%) months of discharge. Based on

the patient demographics, significant differ-
ences (P>0.05) were not observed between
AIS patients with and without memory dis-
turbance and dementia with regard to sex,
alcohol consumption, smoking and stroke
location. By contrast, these two patient
groups showed significant differences
(P<0.05) in age, education and type of stroke
(Table 1).

According to the previous illness and past
medical history, there were no significant dif-
ferences (P>0.05) between stroke patients
with and without memory disturbance and
dementia with respect to hospital length of
stay, prior stroke, diabetes mellitus, tran-
sient ischemic attack, hypercholesterolemia
and use of drugs. Meanwhile, significant
differences (P<0.05) were observed for atri-
al fibrillation and hypertension (Table 2).

                                                                                                                               Article

Table 1. Prevalence of memory disturbance and dementia in AIS patients based on the selected patient demographics (n = 401). The
results are expressed as the number with the percentage in brackets or as the median, min-max.

Patient demographics                                             Dementia                                    Non-dementia                               P-value
                                                                                  (n = 227)                                        (n = 174)                                         

Sex                                                                                                                                                                                                                                                  0.141
Male                                                                                             115 (50.7%)                                                   101 (58.1%)                                                     
Female                                                                                         112 (49.3%)                                                    73 (41.9%)                                                      

Age (years)                                                                                       69, 20-92                                                         58, 23-83                                                < 0.001*
Education levels                                                                                                                                                                                                                       < 0.001*

Uneducated/primary                                                                  193 (85.0)                                                      93 (53.5%)                                                      
Secondary and higher                                                               34 (15.0%)                                                     81 (46.5%)                                                      

Alcohol consumption                                                                    84 (37.0%)                                                     71 (40.8%)                                                 0.439
Smoking                                                                                           73 (32.2%)                                                     66 (37.9%)                                                 0.229
Types of stroke (n = 400)                                                                                                                                                                                                        0.017*

Thrombosis                                                                                183 (81.0%)                                                   156 (89.7%)                                                     
Embolism                                                                                     43 (19.0%)                                                     18 (10.3%)                                                      

Stroke location (n = 346)                                                                                                                                                                                                          0.142
Left                                                                                                86 (44.1%)                                                     82 (54.3%)                                                      
Right                                                                                              98 (50.3%)                                                     60 (39.7%)                                                      
Both sides                                                                                     11(5.6%)                                                         9 (6.0%)                                                        

Table 2. Prevalence of memory disturbance and dementia in AIS patients based on the previous illness and past medical history (n =
401). The results are expressed as the number with the percentage in brackets or as the median, min-max.

Previous illness/past medical history                    Dementia                                   Non-dementia                               P-value
                                                                                   (n = 227)                                       (n = 174)                                         

Having a family history of the disorders                                    19 (8.4%)                                                      14 (8.1%)                                                  0.907
Hospital length of stay                                                                      2, 1-16                                                             2, 1-9                                                      0.064
Atrial fibrillation                                                                              37 (16.3%)                                                     15 (8.6%)                                                 0.023*
Prior stroke                                                                                      30 (13.2%)                                                    26 (14.9%)                                                 0.621
Hypertension                                                                                  130 (57.3%)                                                   77 (44.3%)                                                0.010*
Diabetes mellitus                                                                           72 (31.7%)                                                    49 (28.2%)                                                 0.442
Transient ischemic attack                                                               5 (2.2%)                                                        9 (5.2%)                                                   0.108
Hypercholesterolemia                                                                   79 (34.8%)                                                    57 (32.8%)                                                 0.668
Use of drugs                                                                                                                                                                                                                                      

Antiplatelet agents                                                                      55 (24.2%)                                                    37 (21.3%)                                                 0.484
Anticoagulants                                                                              30 (13.2%)                                                     14 (8.1%)                                                  0.101
β-adrenoceptor blocking drugs                                               14 (6.2%)                                                       9 (5.2%)                                                   0.671
Diuretics                                                                                        60 (26.4%)                                                    40 (22.9%)                                                 0.430
Angiotensin-converting enzyme inhibitors                             20 (8.8%)                                                      12 (6.9%)                                                  0.483
Calcium channel blockers                                                         31 (13.7%)                                                     14 (8.1%)                                                  0.078
Lipid-regulating drugs                                                                79 (34.8%)                                                    57 (32.8%)                                                 0.668
Diabetes mellitus                                                                        72 (31.7%)                                                    48 (27.6%)                                                 0.371

Asterisks indicate P-values < 0.05.                                                                                                                                                                                                                                                                                   
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As with the laboratory test results and
clinical characteristics, significant differ-
ences (P>0.05) in systolic blood pressure,
blood sugar level, HbA1C level, HDL cho-
lesterol level and triglyceride were not
detected between stroke patients with and
without memory disturbance and dementia.
Similarly, no significant differences
(P<0.05) in stroke severity were observed
for the two patient groups. By contrast,
these two patient groups showed significant
differences (P<0.05) in diastolic blood pres-
sure, total cholesterol level, LDL choles-
terol level and electrocardiogram, which
were consistent with irregular heartbeats, as
presented in Table 3.

Risk factors associated with memory
disturbance and dementia

Tables 4 and 5 summarize the major
risk factors associated with memory distur-
bance and dementia in AIS patients at three
time intervals (before discharge, and after
three and six months of discharge).
Evaluations for memory disturbance and
dementia were carried out in 401 AIS
patients in hospitals before discharge. Only
361 out of 401 patients (90.0%) could par-
ticipate in the evaluations for memory dis-
turbance and dementia after three months of
discharge, as 12 patients (3.0%) died before
the scheduled evaluations and 28 patients
(7.0%) were unable to contact. After six
months of discharge, only 361 patients
(90.0%) could participate in the evalua-
tions. The results showed that the preva-
lence of memory disturbance and dementia
in AIS patients in hospitals before dis-
charge, and after three and six months of
discharge was 56.6, 41.6 and 38.2%,
respectively.

Logistic regression analysis was con-
ducted to identify independent variables
associated with memory disturbance and

dementia after AIS, with patients with or
without memory disturbance and dementia
designated as the dichotomous dependent
variables. It was found that independent
variables with significant differences in the
univariate analysis (P<0.05) were age, edu-
cation, type of stroke, atrial fibrillation,
hypertension, EKG, and stroke severity as
observed for AIS patients in hospitals
before discharge. At the three-month fol-
low-up evaluation, age, education, hyper-
tension, stroke severity and depression were
the major risk factors. Meanwhile, age, edu-
cation, atrial fibrillation, hypertension and
stroke severity were included as the risk
factors at the six-month follow-up evalua-
tion (Table 4).

According to the multivariable analysis,
it was observed that in AIS patients in hos-
pitals before discharge, the factors associat-
ed with memory disturbance and dementia
were age, education and stroke severity.
While age, education and stroke severity
were the factors associated with the studied
disorders at the three-month follow-up eval-
uation, the factors determined at the six-
month follow-up evaluation included age
and education (Table 5).

Discussion
In the present study, the prevalence of

post-stroke memory disturbance and
dementia was observed to be highest in AIS
patients before discharge (56.6%), followed
by those undergoing follow-up evaluations
after three (41.6%) and six (38.2%) months
of discharge.

Although this study and many previous
ones shared the identical design as prospec-
tive hospital-based cohort studies focusing
on a population of patients, evaluation of

AIS patients in hospitals before discharge
was not included in these studies.27,28 In
addition, MMSE, which is the most popular
tool widely used for evaluation of memory
disturbance and dementia,27 was employed
in this study.

The results obtained in this study unrav-
eled that the highest (56.6%) prevalence of
the studied disorders was observed in AIS
patients in hospitals before discharge,
which was very common due to the high
number AIS patients with the moderate-to-
high (19.7%) severity of stroke coming in
for examination. Moreover, AIS patients
with memory disturbance and dementia
were found to develop depressive disorder
in spite of a low level of 6.5%, which was
well supported by one previous study29

which elucidated that depression was relat-
ed to dementia.

In this study, age, education and stroke
severity were found to be the major risk fac-
tors associated with memory disturbance
and dementia in AIS patients before dis-
charge and after three months of follow-up,
while age and education were the risk fac-
tors after six months of follow-up. The
results obtained from this study revealed
that AIS patients with increasing age were
at greater risk of memory disturbance and
dementia, which was consistent with previ-
ous studies.1,8,30 The findings obtained in
this study also showed that AIS patients
with low education level were likely to
develop the studied disorders, which was in
agreement with earlier studies.1,8,30

Moreover, one previous study suggested
that high education level was one of the fac-
tors associated with lower risk of develop-
ing cognitive impairment and dementia [9].
Additionally, the severity of stroke associat-
ed with memory disturbance and dementia
found in this study was similar to that
reported by previous studies.1,8,30

                             Article

Table 3. Laboratory test results and clinical characteristics of AIS patients with and without dementia (n = 401). The results are
expressed as the median, min-max or as the number with the percentage in brackets.

Laboratory test results/                                            Dementia                                  Non-dementia                               P-value
clinical characteristics                                             (n = 227)                                      (n = 174)                                         

Blood pressure (mmHg)                                                                                                                                                                                                               
Systolic                                                                                            140, 96-220                                                   142, 95-236                                                 0.259
Diastolic                                                                                           79, 52-117                                                     84, 59-126                                                 0.024*

Blood sugar levels (mg%; n = 366)                                              99, 51-392                                                     98, 65-341                                                  0.527
HbA1C levels (%; n = 255)                                                            6.1, 4.4-19.7                                                  6.1, 4.3-13.7                                                 0.751
Cholesterol levels (mg/dl)                                                                                                                                                                                                            

Total (n = 347)                                                                              170, 71-522                                                   181, 85-390                                                0.007*
LDL (n = 348)                                                                               112, 21-244                                                   125, 50-317                                                0.003*
HDL (n = 342)                                                                                 40, 18-92                                                      42, 18-120                                                  0.112

Triglyceride (mg/dl; n = 347)                                                        122, 40-613                                                   121, 39-726                                                 0.858
EKG (atrial fibrillation) abnormality                                           36 (70.6%)                                                   15 (29.4%)                                                0.031*
NIHSS scores                                                                                       3, 0-23                                                            1, 0-9                                                   < 0.001*
Asterisks indicate P-values < 0.05.                                                                                                                                                                                                                                                                                   
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This study provided several advantages:
(i) a prospective observational cohort study
was appropriately used to find out risk fac-
tors associated with memory disturbance
and dementia, in which the up-to-date data
of patients were obtained for the analyses
based on time intervals; (ii) acquisition of
the data was performed at three time inter-
vals to predict trends in the prevalence of
memory disturbance and dementia; and (iii)
various risk factors were included for the
analyses based on time intervals. However,
some restrictions were encountered in this
study, including (i) memory disturbance or
dementia might develop before AIS in eld-
erly patients aged ≥70 years; and (ii) the
tools used might not be appropriate for
some cases because of the complexity of the
tools. As with the results obtained in this
study, patient care should be promoted by
relevant agencies in order to reduce risk
factors for developing memory disturbance
and dementia in stroke patients.
Additionally, the knowledge of cerebrovas-
cular diseases, particularly post-stroke
memory disturbance and dementia, should
be publicly disseminated in order to pro-
mote public awareness of the disorders.

Conclusions
This research has highlighted the preva-

lence and risk factors that are associated
with post-stroke memory disturbance and
dementia in AIS patients admitted to three
hospitals (Srinagarind Hospital, Khon Kaen
Hospital and Chum Phae Hospital) in Khon
Kaen province of Thailand during January-
December 2017. The results showed that
the prevalence of memory disturbance and
dementia was 56.6%, 41.6% and 38.2% as
observed in AIS patients in hospitals before
discharge, and after 3 and 6 months of fol-
low-up, respectively. It was also found that
age, education and stroke severity were the
major risk factors associated with the stud-
ied disorders. Future studies should be
directed towards the clearer identification
of risk factors to develop risk scores for the
prognostication of memory disturbance and
dementia after AIS in each time period.

Ethical standards
This study was approved by the Ethics

Committee on Human Research at
Mahasarakham University (05/2560), Khon
Kaen University (HE601146), Khon Kaen
Hospital (KE60024) and Khon Kaen
Provincial Health Office (KEC594) based
on the ethical standards and procedures.
Patients and relatives were informed of
inclusion in the registries at the time of
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diagnosis and could decline participation or
withdraw consent.
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