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Abstract. Ischemic stroke (IS) is a major cause of morbidity and mortality among
patients with diabetes mellitus. In this study we aimed to determine the associa-
tion between hemoglobin Alc (HBA1c) levels and the IS occurrence among Thai
patients with diabetes mellitus type 2 (DM2) in order to reduce the risk for stroke
among this group of patients. A hospital based case-control study was conducted
among subjects with DM2 who attended the Bhuddasothorn Hospital, Chacho-
engsao, Thailand with 100 cases and 300 controls during 2013-2016. Cases were
defined as patients with DM2 who had an IS and diagnosed by neurologists and
computer tomography scan (CT scan) during the study period. Controls were
patients with DM2 who did not have IS. Cases (n=100) and controls (n=300)
were matched by gender, age (£5 years), residential area, and length of time at-
tending the study hospital. Data were collected using questionnaire comprising
demographic characteristics, and medical data. The collected data were analyzed
using descriptive statistics and analytic statistics. The mean [tstandard devia-
tion (SD)] age of subjects was 66.9 (+11.1) years. Sixty-eight percent of subjects
were females. The mean (+SD) HBA1c levels among cases was 9.10 (+2.11)% and
among controls was 7.52 (+1.48)%. Multivariable conditional logistic regression
was applied to estimate the effect of HBA1c on IS among DM2, revealed a HBAlc
of 8-8.9 % and higher increased the risk of IS by a factor of 7.9 and 10.9 times,
respectively (OR=7.9, 95%CI: 3.0-20.9; OR=10.9, 95%CI: 4.3-27.9). In summary,
we found a significant positive association between HBAlclevel and IS. A stroke
surveillance system among patients with DM2 should be conducted in coopera-
tion with knowledge sharing regarding glycemic control and stroke prevention
as an essential measure to prevent developing IS risk.
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Cerebrovascular disease is primar-
ily comprised of ischemic stroke (IS) and
hemorrhagic stroke. Stroke is the second
leading cause of death worldwide (Strong
et al, 2007; Johnston et al, 2009). The number
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of strokes per year worldwide is estimated
to increase from 38 million in 1990 to 61
million in 2020 (Mackay and Mensah, 2004).
In 2010 the Global Burden of Disease, In-
juries, and Risk Factors Study (GBD 2010)
reported there were an estimated 16.9 mil-
lion new stroke cases worldwide (Feigin
and Krishnamurthi, 2016); most was IS
(11.6 million cases) and they resulted in 2.8
million deaths (Bennet, 2012; Murray et al,
2012; Feigin et al, 2014). The GBD estimates
IS by 2020 will account for an estimated 12
million deaths and 200 million disability-
adjusted life years (DALYS) lost (Feigin and
Krishnamurthi, 2016). In Thailand, stroke
is a major health cause of morbidity and
mortality in the elderly (Bureau of Policy
and Strategies, 2016a). The Thai Ministry of
Public Health estimates there are more than
50,000 stroke deaths per year in Thailand
(Bureau of Policy and Strategies, 2010; Bu-
reau of Policy and Strategies, 2016b).

Causes of IS are multifactorial. Hy-
perglycemia is associated with greater
risk for IS in western countries (Dhamasa-
roja, 2008; Hanchaiphiboolkul et al, 2014;
Nilanont et al, 2014; Suwanwela, 2014).
In Thailand, quite a few studies have
reported this association among DM2.
The aim of this study was to determine
the association between HbAlc level and
IS among patients with diabetes mellitus
type 2 (DM2) in order to reduce the risk
for stroke among this group of patients.

Variable definitions

Ischemic stroke cases in our study
were found by searching the hospital
distribution for the International Classi-
fication of Diseases, 10t revision (ICD-10)
code of 163.

In our study, we used the hemoglobin
Alc (HBA1c) level to better reflect level
of diabetes control in our study subjects
(WHO, 2001).
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MATERIALS AND METHODS

Study design, sample size and sampling
technique

This was a hospital based case-control
study: we conducted it among patients
with diabetes mellitus type 2 (DM2) at the
Bhuddasothorn Hospital, Chachoengsao,
Thailand during 2013-2016. Cases were
those who had an IS diagnosed by neurolo-
gists and computer tomography scan (CT
scan) during the study period and controls
were those who did not. Inclusion criteria
for cases were DM2 patients with IS, Thais
and aged <80 years. Exclusion criteria for
cases were those having congenital heart
disease with a history of chronic diseases,
cancer, tumor, and stroke caused by injury
from accident or operation, and having no
records of being treated for DM. Inclusion
criteria for controls were DM2 without
stroke and were being listed on the diabe-
tes registry of the health care network in
Chachoengsao Province and lived in the
same area with the cases. While exclusion
criteria for controls were having a history
of transient ischemic attack (TTA) and car-
diovascular disease.

Atotal of 100 IS cases and 300 controls
were included in the study. Of the 400 par-
ticipants, cases and controls were matched
by age (£5 years), residential area and the
length of time they have been attending
the study hospital. The medical records
of cases and controls were reviewed. The
minimum sample sizes for cases and con-
trols were calculated using the formula
by Dupont (1988), where P (0.04) and P,
(0.138) were the proportions of exposure
in controls and cases (Sacco et al, 1994);
Z,,=196ata=0.05Z;,=0.84at{=0.20.
The minimum sample size for cases and
controls were determined to be 91 cases
and 273 controls. Total samples were 100
cases and 300 controls for our study. The
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cases and controls data were obtained
by reviewing the previous 3 years for
exposed factors.

Statistical analyses

Data were analyzed using the statis-
tical software, STATA, version 12 (Stata
Corporation, College Station, TX). Data
were tabulated using descriptive statistics,
univariable analysis and multivariable
analysis. Categorical variables were given
as frequencies, percentages, crude odds
ratios, 95% confidence intervals (CI) for
OR and p-value. Statistical descriptions
were expressed as means, minimums and
maximums, standard deviations (SD),
frequencies, and percentages. Univariable
conditional logistic regression analysis
was performed to evaluate association
between categorical variables and IS. Ad-
justed odds ratios and 95% CI for OR were
calculated from multivariable conditional
logistic regression analysis to examine
associations between HbAlc levels and
IS, adjusting for potential confounding
factors. A two-sided p-value <0.05 was
considered statistically significant.

Ethical considerations

Our study was approved by the Ethics
Committee for Research in Human Sub-
jects, Faculty of Public Health, Mahidol
University (171/2557), the Ethics Com-
mittee for Research in Human Subjects,
Chachoengsao Public Health Office
(PH_CCO_REC 004/58), and the Ethics
Committee for research, Buddasothorn
Hospital (BSH-IRB 005/2558). Informed
consent was obtained from each partici-
pant prior to inclusion in the study.

RESULTS

Demographic characteristics of study
subjects
A total of 100 cases and 300 controls
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were included in the study. The mean age
of study subjects was 67 years (Table 1).
Forty-three percent of cases and 43.3%
of controls were aged =70 years. Sixty-
eight percent of subjects were females.
Sixty-eight percent of cases and 63.7% of
controls had DM2 for 5-10 years. None
of the demographic characteristics were
significantly different between cases and
controls (Table 1).

Factors associated with ischemic stroke
On univariable conditional logistic
regression analysis, factors significantly
associated with IS were: presence of dys-
lipidemia, presence of atrial fibrillation, a
diastolic blood pressure =90 mmHg, a sys-
tolic blood pressure =140 mmHg, a history
of cardiovascular disease, a fasting plasma
glucose level 2126 mg/dl, a serum creati-
nine level =1 mg/dl and the presence of
microvascular complications due to DM2
(Table 2). On multivariable conditional
logistic regression analysis, a HBAlclevel
>8% was significantly associated with IS.
The higher the HbAlc level the greater
the odds of having an IS [for HBAlc
8-8.9%: adjusted odds ratios (ORad].)=7.9;
95% confidence interval (95%CI):3.0-20.9;
p<0.001]. For HBA1C29%:ORadj:10.9;
95%C1:4.3-27.9; p<0.001) (Table 3).

DISCUSSION

In our study, of subjects with DM2,
multivariable analyses showed a signifi-
cant association between HBA1clevel and
IS, similar to the findings of several previ-
ous studies (Najarian ef al, 2006; Air and
Kissela, 2007; Banerjee et al, 2012) but in
contrast to the findings of other studies
(UK Prospective Diabetes Study Group,
1998; Gerstein et al, 2008; Holman et al,
2008; Patel et al, 2008). The pathophysio-
logy of how hyperglycemia is associated
with IS could be because elevated glucose
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Table 1
General characteristics of study subjects.
Characteristics Cases Controls p-valuea
(n=100) (n=300)
n (%) n (%)
Ages in years 1.000
<50 7 (7.0) 21 (7.0)
50-59 21 (21.0) 62 (20.7)
60-69 29 (29.0) 87 (29.0)
=70 43 (43.0) 130 (43.3)
Mean (SD) age in years 66.9 (11.1) 66.9 (10.9)
Min-Max age in years 42-90 43-89
Gender 1.000
Male 32 (32.0) 96 (32.0)
Female 68 (68.0) 204 (68.0)
Duration of DM in years 0.584
<5 20 (20.0) 75 (25.0)
5-10 68 (68.0) 191 (63.7)
>10 12 (12.0) 34 (11.3)

aChi-square test; SD, standard deviation; DM, diabetes mellitus; Min, minimum; Max, maximum.

Table 2
Univariable conditional logistic regression analysis of characteristics associated with
IS patients.

Characteristics Cases Controls OR? 95%Cl1 p-value?
n (%) 1 (%)

History of DLP

No 79 (79.0) 296 (98.7) 1

Yes 21 (21.0) 4 (1.3) 29.6 6.9-126.4 <0.001*
History of AF

No 94 (94.0) 299 (99.7) 1

Yes 6 (6.0) 1 (0.3) 17.9 2.2-149.5 0.001*
Diastolic BP in mmHg

<90 87 (87.0) 293 (97.7) 1

>90 13 (13.0) 7 (2.3) 7.1 2.5-20.1 <0.001*
Systolic BP in mmHg

<140 62 (62.0) 231 (77.0) 1

=140 38 (38.0) 69 (23.0) 2.2 1.3-3.8 0.003*

938 Vol 50 No.5 September 2019



HBA1c AND IS AMONG PATIENTS WiTH DM2

Table 2 (Continued)

Characteristics Cases Controls OR? 95%CI p-value?
n (%) n (%)

HbAlcin %

<7 15 (15.0) 139 (46.3) 1

7-7.9 15 (15.0) 65 (21.7) 2.2 1.0-4.9 0.07*

8-8.9 85 (26.0) 48 (16.0) 5.6 2.6-12.0 <0.001*

>9 44 (44.0) 48 (16.0) 9.5 4.6-19.8 <0.001%
History of CVD

No 93 (93.0) 294 (98.0) 1

Yes 7 (7.0) 137 (2.0) 3.5 1.2-10.4 0.024*
FPG in mg/dl

<126 22 (22.0) 127 (42.3) 1

=126 78 (78.0) 173 (57.7) 34 1.9-6.3 <0.001*
Total Cholesterol in mg/dl

<200 70 (70.0) 233 (77.7) 1

=200 30 (30.0) 67 (22.3) 15 0.9-2.6 0.113
Serum creatinine in mg/dl

<1 48 (48.0) 177 (59.0)

>1 52 (52.0) 123 (41.0) 1.7 1.0-2.8 0.037*
Smoker

No 86 (86.0) 273 (91.0) 1

Yes 14 (14.0) 27 (9.0) 1.9 0.9-4.5 0.108
Alcohol drinks

No 96 (96.0) 297 (99.0) 1

Yes 4 (4.0) 3 (1.0) 4.0 0.9-17.9 0.070
Microvascular complications

No 64 (64.0) 212 (70.7) 1

1 22 (22.0) 68 (22.7) 11 0.6-1.9 0.741

>1 14 (14.0) 20 (6.6) 24 1.1-5.2 0.024*
Body mass index in kg/m?

18.5-22.9 34 (34.0) 88 (29.3) 1

23.0-24.9 23 (23.0) 55 (18.3) 1.0 0.6-1.9 0.903

25.0-29.9 29 (34.2) 107 (35.7) 0.7 0.4-1.2 0.198

=30.0 12 (10.1) 44 (14.7) 0.7 0.3-1.5 0.316

<185 2 (2.0) 6 (2.0 0.9 0.2-4.6 0.892

2 Univariable conditional logistic regression analysis performed on 100 matched pairs; IS, ischemic
stroke; DLP, dyslipidemia; AF, atrial fibrillation; BP, blood pressure; HbA1lc, hemoglobin Alc; CVD,
cardiovascular diseases; FPG, fasting plasma glucose; OR, crude odds ratio; CI, confidence interval.
*Significant at p < 0.05.
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Table 3
Multivariable conditional logistic regression analysis of association between HBA1lc
levels and IS among study subjects.

Variables OR_ 95%CI p-value OR, i 95%Cl1 p-value
HBAlcin %
<7 1 1
7.0-7.9 22 1.0-4.9 0.07 22 0.8-5.8 0.117
8.0-8.9 5.6 2.6-12.0 <0.001* 7.9 3.0-20.9 <0.001*
=9 9.5 4.6-19.8 <0.001* 10.9 4.3-27.9 <0.001*

OR, crude odds ratio; AIS, acute ischemic stroke; CI, confidence interval; OR, a7 adjusted odds ratio
for history of DLP, history of AF, diastolic BP, systolic BF, history of CVD, FPG, serum creatinine,
and microvascular complications. *Significant at p < 0.05.

levels result in greater levels of advanced
glycation end products (AGEs) due to
glycation, altering protein function of
low density lipoprotein (LDL) at apo B;
the abnormal LDL is then captured by
macrophages leading to accumulation
of fatty plague in the endothelial wall,
causing endothelial malfunction, loss of
elasticity and atherosclerosis (Martin et
al, 2006), decreased cerebral blood flow
and finally IS.

Disadvantage in our study were that it
was hospital based at a single institution so
it cannot be applied to other populations.

In summary, in our study we found
a significant association between higher
HBA1c levels and ischemic stroke. Fur-
ther prospective studies are needed in
this study population to determine if an
intervention to lower the HBAlclevel will
reduce the risk for stroke.
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