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Background and Purpose: Factors associated with ischemic stroke (IS) recurrence and the
contribution of pharmacological treatment as secondary preventions among nondiabetics
especially in the non-elderly population are unclear and not widely investigated. This was
a population-based study that aimed to identify recurrent IS predictors and to determine the
possible impact of secondary preventive medications on the IS recurrence in non-elderly
adults with or without diabetes.

Methods: Data of 3386 patients <60 years old who had a history of index IS were extracted
from the Malaysian National Neurology Registry (NNEUR) from 2009 to 2016. Recurrent IS
was defined as any IS event recorded after the index IS in the NNEUR database. Multivariate
logistic regression analysis was performed by using SPSS version 22.

Results: Ischemic heart disease (IHD) was the significant predictor of IS recurrence in non-
elderly adults both with or without diabetes (adjusted odds ratio (AOR) of 3.210; 95%CI:
1.909-5.398 and 2.989; 95%CI: 1.515-5.894) respectively). Receiving antiplatelet as sec-
ondary stroke prevention (AOR: 0.194; 95%CI: 0.046—0.817) and continuation of antidia-
betic medication after the index IS event (AOR: 0.510; 95%CI: 0.298-0.872) reduced the
odds of IS recurrence only in non-elderly diabetic adults. Among non-elderly adults without
diabetes, hyperlipidemia and every increased in 1 mmHg of systolic blood pressure sig-
nificantly increased the odds of IS recurrence following the indexing event (AOR: 1.796;
95%CI: 1.058-3.051 and 1.009; 95%CI: 1.002—1.016 respectively).

Conclusion: ITHD was found as the main predictor of IS recurrence regardless of diabetes
status in non-elderly adults after the index IS event. Receiving antidiabetic and antiplatelet
medications upon discharge after index IS were significant predictors of recurrent IS in non-
elderly diabetic adults. A proper randomized clinical trial may be required to determine the
impact of secondary preventive medication on IS recurrence, especially in non-elderly
adults.

Keywords: ischemic stroke, recurrence, prevention, diabetic, nondiabetic, non-elderly

Introduction

Stroke is the second leading cause of mortality and morbidity worldwide.' * Having
diabetes mellitus (DM) increases the risk of ischemic stroke (IS) two-to-five-fold.>°
diabetic

patients with stroke are also known to have poor prognosis, higher mortality rate,® and

Because of the strong association between DM and other stroke risk factors,’
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high risk of recurrent stroke compared to those without DM.’
In Malaysia, 27.4% to 55.2% population with IS have DM,
and this indicates almost 50% of the stroke population are
nondiabetics. Moreover, almost 33% of the IS population had
recurrent stroke.' DM is a well known risk factor of recurrent
IS, however is there any difference in terms of recurrent IS
between those with or without DM? What would be the risk
factor of recurrent IS in those who do not have DM? Any
difference in risk factors of recurrent stroke in adults with or
without DM need to be investigated to tailor better preventive
strategies and early management especially at the stage of
screening for DM.

In a group of adult patients with IS, 10-15% of all
strokes were experienced by so-called “young stroke”
adults."' Nevertheless, heterogeneity in “young stroke”
definition lead to a wide range of stroke incidence in this
patient population.'' Emerging data has elevated public
health concerns about the increasing prevalence of vascu-
lar risk factors in young adults, and their potential role in
increasing the risk of IS, and stroke recurrence.'”
Although the global risk of mortality is low, stroke in
young adults has severe implications. Only about 50% of
patients are fully recovered and return to work after the
first-ever ischemic stroke, and the risk of recurrent stroke
is greater for the survivors of acute IS."*™'> Loss of work-
ing years and long-term dependency on social care may
affect the socioeconomic outcome of non-elderly adults
with stroke.'® Thus, stroke prevention and improvement of
outcomes are particularly crucial in this group.

Age limits defining “young stroke* adults differ across
studies in which age ranges of 18 to upper age limit of 55
years were the most used.'” ' Nevertheless, in Malaysia
older persons are defined as those who are 60 years and

OVeI‘.20

Therefore, this current study involved the adult
population aged 18 to <60 years old and term “non-
elderly” adults is used throughout the manuscript. This
aim of this study was to identify predictors of recurrent
IS in non-elderly adults with or without DM. The possible
benefits of secondary prevention medications on the recur-
rent IS between diabetics and nondiabetic non-elderly

adults were also investigated in this study.

Method
Study Population and Design

Data of all Malaysian patients with history of index IS
who were 18 to <60 years old from August 2009 to
December 2016, were extracted from the National

Neurology Registry (NNEUR) of Malaysia. The details
on the National Stroke Registry of Malaysia were pub-
lished previously.”' The stroke was diagnosed according to
the World Health Organization’s criteria.”> All diagnoses
were confirmed using brain computed tomography or mag-
netic resonance imaging. The patient’s neurological func-
tion deficit was evaluated using the National Institute of
Health Stroke Scale (NIHSS), and the Modified Rankin
Scale (MRS) upon admission. DM was either defined as
patient’s self-reported, physician diagnosis, or based on
the use of hypoglycemic medications prior to the index
ischemic stroke, during hospitalization secondary to stroke
or at discharge. Index stroke was defined as first stroke
registered into the NNEUR for the particular patient from
2009 to 2016. Recurrent IS was defined as any IS event
recorded by the involving hospital after the index IS for
a particular patient in the NNEUR database. Data of non-
Malaysian, patients registered as having epilepsy or sei-
zure and data that have missing information on citizenship
status were excluded from this study.

Ethics Approval

Ethical approval for this study was obtained from the
Medical Research and Ethics Committee (MREC),
Ministry of Health, Malaysia (Research ID: NMRR-08-
1631-3189).

Stroke Registry in Malaysia

The NNEUR in Malaysia was initiated and established in
2009. The NNEUR has recorded data from multi-ethnic
involving stroke cases from 13 states in the country. The
aim of the NNEUR is to provide comprehensive epide-
miological data on the country’s stroke statistics, trend,
and management, representing an ongoing multicenter,
hospital-based registry. The registry development is
funded by the Ministry of Health, Malaysia (MOH). The
comprehensive explanation on the NNEUR has been pre-
viously described.”

Investigated Variables

In this study, investigated variables include demographic
data such as gender and ethnicity. Malaysians comprise of
ethnic groups such as Malay, Chinese and Indians, and
others. Most of the other ethnics such as Ibans, Kadazan/
Dusun are from East Malaysia. Educational status, either
a formal or an informal education (those who received
a formal type of education as in graduate schools and col-
lages), was also investigated. Data during the index IS event
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were included as variables. These data were vital signs at
emergency department, clinical presentation apparent at the
start of the index IS (eg headache, speech disturbance,
hemiparesis) and NIHSS as the physical examination tool.
Data on the risk factors of stroke that patients have as well as
medications taken prior to index IS event such as angioten-
sin converting enzyme inhibitors (ACEIs), antihyperlipi-
demic drugs either indicated for primary stroke prevention
or for other indications were also included. In addition,
medications prescribed upon discharge from hospitalization
secondary to index IS event either indicated for secondary
stroke prevention or for other indications were included as
variables. Other laboratory clinical data such as total cho-
lesterol level, blood glucose level (random) taken through-
out the hospitalization secondary to stroke event were also
included as variables.

Analysis

The data were stratified into population with DM or with-
out DM. Statistical analyses were performed using SPSS
version 22.0 (IBM Corporation, Armonk, NY, USA). The
categorical variables were presented in percentages, while
the values for continuous variables were expressed as
mean * standard deviation. A comparison between groups
were analysed using chi-squared and Fisher’s exact tests
for categorical variables, while an independent sample
t-test was used for continuous data. The significant vari-
ables obtained from the univariate analysis were then
included into the multivariate logistic regression and asso-
ciation between exposure and outcomes was reported as an
OR with a 95%CI. In order to minimize bias from missing
data, the pattern of missing values of independent vari-
ables was analyzed. Multiple imputations were used to
handle variables with missing values above 5%. Missing
values in body mass index (BMI), prior medications, and
total cholesterol level during the index IS event were
imputed from multiple imputation methods. Five imputa-
tions were used, and Rubin’s rules were implemented to
combine the results. A P-value of <0.05 was considered
significant in both univariate and multivariate analyses.

Results

Descriptive Results

A total of 3386 of non-elderly adults with or without DM
have been extracted and included in this study. The median
time from index stroke to recurrent stroke was 4.2 months.
As shown in Table 1, the majority of the patients in both

groups were female. Of the 1576 non-elderly adults with
DM, 96 (6.1%) had recurrent IS whereas among the 1820
nondiabetics, 69 (3.8%) had recurrent IS after the index IS
event. Nondiabetics (N=902, 53%) were more obese than
their diabetic peers (N=651, 41.3%). In both groups, the
majority of data in the database were contributed from
hospitals in East Malaysia, hence the higher number of
other ethnicities in the results. The percentages of smokers
in both diabetic and nondiabetic groups were 53.6% and
49.2% respectively. One thousand two hundred and
ninety-nine (82.4%) diabetics and 959 (53%) nondiabetics
had concurrent hypertension upon the index IS presenta-
tion. The number of subjects with hyperlipidemia in the
diabetic group was 528 (33.5%), while in the nondiabetic
group it was 374 (20.7%). The number of patients who had
ischemic heart disease (IHD) was higher in the diabetic
group (186, 11.8%) than the nondiabetic group (133,
7.3%). Non-elderly adults with DM group had more
death stroke outcomes (7.2%) compared to the nondiabetic
group (5.3%) (Table 1)

Comparison of Recurrent Ischemic
Stroke Predictors in Diabetic and
Nondiabetic Non-elderly Adults

Significant predictors of IS recurrence after the index IS
event both for diabetic and nondiabetic non-elderly adults
are showed in Table 2. IHD increased the odds of having
recurrent IS in both groups significantly with adjusted
odds ratio (AOR) of 3.21 (95%CI: 1.91-5.40) and 2.99
(95%CT: 1.52-5.90), respectively. The increase of 1 mmHg
in SBP upon admission for index IS event was found to
increase the odds of IS recurrence in the nondiabetic group
(AOR:  1.01;  95%CL  1.01-1.02).
Hyperlipidemia significantly increased the odds of having

significantly

IS recurrence in nondiabetics but not in their diabetic peers.
Patients who were given antiplatelet drugs upon hospital
discharge after the index IS event reduced the odds of having
recurrent IS in the diabetic group significantly (AOR: 0.19;
95%CI: 0.05-0.82) but had no significant influence on the
nondiabetic group. Continuation of antidiabetic medications
(ADMs) after the index IS event was shown to significantly
reduce the odds of having IS recurrence in the diabetic group
(AOR: 0.51; 95%CI: 0.30-0.87). Clinical manifestation
apparent at the point of index IS such as speech disturbance
and hemiparesis were found significant in the univariate
model but were removed in the final multivariate model
both in the diabetic and nondiabetic groups (Table 2).
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Table | Characteristics of Diabetics and Nondiabetics Non-elderly Adults (Aged <60 Years) with History of Index Ischemic Stroke

Attack that were Included in the Study (N=3386)

Variable Diabetic Patients N=1576 Nondiabetic Patients N=1810
N % N %
Age subgroups
<49 years 367 233 655 36.2
249 to <60 years 1208 76.7 1155 63.8
Female 831 52.72 164 64.30
Recurrent stroke 96 6.1 69 38
Obesity 651 41.3 902 53.0
BMI, mean (+SD) 28.49 (£5.97) 29.69 (£6.044)
Ethnicity
Malay 385 24.4 331 18.3
Chinese 27 1.7 34 1.9
Indian 29 1.8 20 1.1
Others 1135 72 1425 787
Education
Informal 382 242 484 26.7
Formal 1194 75.8 1326 733
Smoker 844 53.6 891 49.2
Duration of diabetes (years)
<l 138 88 - -
1-5 645 40.9 - -
6-10 222 14.1 - -
>10 213 13.5 - -
Unknown 358 22.7 - -
Family history of stroke 98 6.2 162 9.0
HTN 1299 82.4 959 53.0
SBP, mean (+SD) 165.28 164.12
(£32.43) (£34.74)
DBP, mean (xSD) 92.17 (£17.51) 94.51 (£19.60)
HTN duration (years)
<|-5 618 39.2 531 293
610 196 12.4 134 74
>10 197 12.5 87 4.8
Unknown 288 18.3 207 11.4
IHD 186 11.8 133 73
Hyperlipidemia 528 335 374 20.7
Total cholesterol (mmol/L), mean (£SD) 6.18 (+1.86) 5.86 (x1.64)
Atrial fibrillation 21 1.3 51 28
Death 114 7.2% 95 5.2%

Abbreviations: BMI, body mass index; IHD, ischemic heart disease; HTN, hypertension.
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Table 2 Univariate and Multivariable Logistic Regression Analysis of Variables Associated with Recurrent Ischemic Stroke in Diabetic

and Nondiabetic Non-elderly Adults (Aged <60 Years) After Index Ischemic Stroke Attack (N=3386)

Variables® Diabetics with IS Diabetics without | P-value Adjusted P-value
Recurrence IS Recurrence Odds Ratio, AOR
N=96 (%) N=1480 (%) (95%Cl)

SBP, mean (+SD) 172.74 (£34.60) 164.80 (+32.24) 0.021 1.007 (1.001-1.014) 0.051
Duration of HTN (years) 0.001

<|-5 48 (50.0) 570 (38.5) 1.138 (0.606-2.135) 0.688

6-10 8 (8.3) 188 (12.7) 0.490 (0.189-1.268) 0.141

>10 20 (20.8) 177 (12.0) 1.347 (0.637-2.845) 0.435
IHD 26 (27.1) 160 (10.8) 0.000 3.210 (1.909-5.398) 0.00
Received diuretics at baseline® 22 (22.9) 179 (12.1) 0.002 0.659 (0.368-1.180) 0.160
Received diuretic upon discharge® 17 (17.7) 104 (7.0) 0.000 0.563 (0.295-1.074) 0.081
Received antiplatelet upon discharge® 94 (97.9) 1250 (84.5) 0.000 0.194 (0.046-0.817) 0.025
Received ADM upon discharge® 77 (80.2) 896 (60.5) 0.000 0.510 (0.298-0.872) 0.014
Clinical manifestation apparent at start of 44 (45.8) 834 (57.7) 0.023 1.539 (0.996-2.378) 0.052
index IS attack: Speech disturbance
Total score of NIHSS upon acute index IS
event
® No and minor symptoms 52 (54.2) 612 (42.3) 0.023
® Moderate and severe symptoms 44 (45.8) 834 (57.7) 1.358 (0.871-2.117) 0.177
Variables® Non-Diabetics with Non-Diabetics P-value Adjusted P-value

IS Recurrence without IS Odds Ratio AOR
N=69 (%) Recurrence (95%Cl)
N=1741 (%)

SBP, mean (+SD) 172.59 (+38.64) 163.78 (+34.54) 0.039 1.009 (1.002-1.016) 0.012
Smoker 42 (60.9) 849 (48.8) 0.049 1.663 (0.995-2.779) 0.052
Hyperlipidemia 24 (34.8) 350 (20.1) 0.003 1.796 (1.058-3.051) 0.030
IHD 12 (17.4) 121 (7.0) 0.001 2.989 (1.515-5.894) 0.002
Clinical manifestation apparent at start of 59 (88.1) 1330 (77.1) 0.036 2.064 (0.974-4.376) 0.059
index IS attack: hemiparesis

Notes: *Variables that were significant in univariate analysis and included into the multivariate logistic regression analysis. ®Baseline is defined as prior to index ischemic
stroke attack. “Discharge from hospital admission after index ischemic stroke. Significance P<0.05; highlighted in grey indicates statistically significant in the final multivariate

logistic regression model.

Abbreviations: ADM, antidiabetic medications; HTN, hypertension; IS, ischemic stroke; NIHSS, National Institutes of Health Stroke Scale; AOR, adjusted odds ratio; IHD,

ischemic heart disease; IS, ischemic stroke.

Discussion

This study identified predictors of IS recurrence after
index IS event in non-elderly Malaysian with and with-
out DM. Non-elderly Malaysian adults were reported to
have higher rate of stroke incidence than the elderly
group.”* Regardless of DM status, IHD was found to
be an independent predictor of recurrent IS in the cur-
rent study whereby patients with history of IHD have

three times the risk of IS recurrence. This finding is
consistent with data reported previously?'*>2° which
illustrates that IHD should be considered as the main
indicator of recurrent IS regardless of age and DM
status. IS shares a similar pathophysiology with THD,
mainly because atherosclerosis is manifested in both
conditions.”® Patients who are affected by atherosclero-

sis become at risk for acute coronary syndrome and
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acute stroke. In both cases, a sudden change of circula-
tion arises, and as a result the blood supply was
decreased to part of the brain or heart.”®

In this study, antiplatelet medication prescribed upon dis-
charge from hospital secondary to index IS event significantly
reduced the probability of recurrent IS by 80% in the non-
elderly with DM. This finding supports the recommendation
of antiplatelet medication as a mainstay preventive therapy for
recurrent stroke, especially in patients with a modifiable risk
factor such as DM.*° Interestingly, but not surprisingly, anti-
platelet therapy received upon discharge from hospital second-
ary to index IS was not a statistically significant factor
influencing the odds of recurrent IS in the non-elderly without
DM. Similarly, in the subanalysis done (Supplementary
Document), receiving antiplatelet medication only upon dis-
charge from the hospital secondary to index IS, was not
significantly associated with recurrent IS in the same popula-
tion. However, with a small number of patients with recurrent
IS in this current analysis, caution must be applied, as the
findings may go against the well-known recommendation of
antiplatelet as secondary prevention of IS. Moreover, in the
current analysis, the indication of antiplatelet medication pre-
scribed upon discharge from the hospital could be indicated
either for a secondary prevention of recurrent IS or for other
reasons.

Optimizing the management of hyperlipidemia may
play a vital role in reducing recurrent IS in the non-elderly
without DM as hyperlipidemia significantly increased the
probability of recurrent IS in this population by 79.6%. This
finding may indirectly support the previous hypotheses in
which stroke experienced by diabetic may differ from non-
diabetics. This could be explained by the angiopathy result-
ing from DM and atherosclerotic plaque.®'

The reported effect of BP during the acute stroke pre-
sentation varies between previous studies. High BP at the
presentation of acute stroke is associated with poor func-
tional outcomes,’” and poses a higher risk of recurrent
stroke.**** This effect appears to be independent of prog-
nostic factors such as age, stroke severity, level of con-
sciousness, and atrial fibrillation.’® While in another study,
high BP on arrival at the emergency room is associated
with improved functional outcomes in elderly patients
with stroke (mean >78 years).>> Nevertheless, the current
study supports the previous findings that high BP at the
presentation of acute IS or on arrival at the emergency
room, increased the risk of recurrent IS. Moreover, this
study showed that every 1 mmHg increase in SBP at

presentation of acute IS significantly increased the prob-
ability of recurrent IS by 0.9% in non-elderly without DM
but not in their peers with DM. The inconsistency of the
reported effect of BP on the stroke outcome may be due to
difference in stroke outcomes being investigated and the
duration of outcomes from the acute stroke event. In most
of the previous studies, the post-acute stroke functional
outcome was measured at least after 12 months of the
acute event while for mortality or recurrent stroke, the
outcomes were investigated at least after two years or
longer after the acute event. This suggests that the effect
of higher BP on admission may have a beneficial short-
term effect, but a deleterious long-term effect. This phe-
nomenon has also been suggested in a previous study.*
Elevated BP during acute IS might be either advantageous
by improving cerebral perfusion to the ischemic tissue or
harmful by exacerbating cerebral edema and hemorrhagic

. . . . 2 .
transformation of the ischemic tissue.>>>3-3

Limitations

This study was a retrospective study based on the avail-
able data from the National Stroke Registry of Malaysia.
Therefore, the first stroke captured from the NNEUR from
2009 to 2016 was assumed to be the first ever stroke
experienced by the patient. Any data on the prior TIA or
stroke prior to the NNEUR establishment was not avail-
able and not taken into account in the current study.
Furthermore, medications prescribed upon discharge
from hospital secondary to index IS event either served
as the indicator for secondary stroke prevention or for
other indications were included in this study. Thus, the
factors that may influence these medication effects such as
adherence are unknown. Data on stoke etiology, diet and
lifestyle, and recreational drug use, were not available,
which could be influential factors of stroke. Data on med-
ication adherence was available, however the usage of the
data in the current analysis was limited with high missing
value in which handling with data imputation may not be
feasible. Besides, missing data on estrogenic intake con-
strained us from identifying it as a predictor of recurrent
IS in non-elderly women. In addition, an external valida-
tion cohort is required to verify these results.
Nevertheless, this study was a population-based study
and large samples representing various ethnic groups
across the country, as well as data from real clinical
practice, have been used. Moreover, most of the previous
studies compare the risk factors of poor functional out-
stroke between diabetics and

come secondary to
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nondiabetics but in terms of recurrent stroke; it is very
limited especially in the non-elderly population. Thus, the
current study may shed some light on the predictors of
recurrent IS between non-elderly with andor without DM.
Furthermore, this study highlights the possible role of
secondary prevention of IS recurrence in the non-elderly
population.

Conclusions

IHD was found as the main predictor of IS recurrence
regardless of DM status in non-elderly adults after the
index IS event. Received antiplatelet medication and
ADMs upon discharge after index IS significantly reduced
the odds of IS recurrence in non-elderly adults with DM
while 1 mmHg elevation in SBP at presentation of acute IS
and hyperlipidemia significantly increase the odds of IS
recurrent in their peers without DM. A proper randomized
clinical trial may be required to determine the impact of
secondary preventive medication on the IS recurrence
especially in non-elderly adults.
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