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Background: The association between hemoglobin Alc (HbAlc) and clinical out-
comes of acute ischemic stroke is uncertain. We aimed to evaluate the association
between initial hemoglobin Alc level and clinical outcome after acute ischemic
stroke.

Methods: A total of 408 patients with first-ever acute ischemic stroke were included
in this study. We divided the patients into three groups according to HbAlc level:
low HbAlc level (HbAlc <5.7%), moderate HbAlc level (HbAlc 5.7-6.4%), and
high HbAlc level (HbAlc >6.5%). Poor neurological outcomes were defined as
modified Rankin Scale (mRS) score of 2-6 at 3 months after stroke. The relation
between HbAlc value and clinical outcomes were evaluated by using multivariate
logistic regression analyses.

Results: Moderate HbAlc level was present in 126 (30.9%) patients and high HbAlc
level in 129 (31.6%) patients. After adjustment for potential confounding variables,
both patients in the high HbAlc level group (adjusted odds ratio [OR]: 2.387; 95%
confidence interval [CI], 1.201-4.745; P =.013) and moderate HbAlc level group
(adjusted OR: 1.797; 95% ClI, 1.005-3.214; P =.048) had a significantly higher poor
neurological outcomes than the group in the low HbAlc level. When separately
analyzed according to with or without diabetes, the HbAlc level as continuous var-
iable was also associated with poor functional outcome at 3 months in the diabetic
patients (adjusted OR: 1.482, 95% CI, 1.013-2.167, P =.042), nor in nondiabetic
group.

Conclusions: Higher HbAlc on admission was an independent predictor of adverse
functional outcome in ischemic stroke patients. Based on this point, tight glycemic
control must be necessary for high-risk diabetic patients.
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Introduction

Acute ischemic stroke is one of the most important
causes of human disability and death. Hyperglycemia on
admission is frequently present in acute ischemic stroke
patients." Acute hyperglycemia is associated with the

From the Department of Neurology, The First Affiliated Hospital of
Wenzhou Medical University, Wenzhou, China.

Received July 20, 2018; revision received October 14, 2018; accepted
October 18, 2018.

Conflict of Interest: None declared.

Address correspondence to Wanli Zhang, Department of Neurol-
ogy, The First Affiliated Hospital of Wenzhou Medical University,
Wenzhou, China. E-mail: zhangwanli36@126.com

1052-3057/$ - see front matter

© 2018 National Stroke Association. Published by Elsevier Inc. All
rights reserved.

https://doi.org/10.1016/jjstrokecerebrovasdis.2018.10.026

stress response of ischemic stroke, which may result in
poor functional outcome.” Admission hyperglycemia is
also an independent predictor of poststroke infection in
nondiabetic patients’. The mechanism of acute hypergly-
cemia associated with adverse outcome is the exacerbated
of the pro-oxidative state, the procoagulant state and the
infarction volume.”® However, it is still unclear whether
abnormal glucose metabolism is the cause of the worse
outcome.

Previous glucose control (PGC) or chronic hyperglyce-
mia, usually defined by hemoglobin Alc (HbAlc), is
a marker for average glycemia levels over the past 2-3
months.”” Elevated HbAlc level is associated with high
risk of cardiovascular diseases and mortality.”” It has
been observed that chronic hyperglycemia prior to stroke
is a significant independent predictor of poor functional
outcomes,'’ but it is not confirmed in another study.11
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However, the association between HbAlc level and clini-
cal outcome in acute stroke patients is still inconsis-
tent.”''> And there are limited studies about the
correlation between HbAlc and long-term outcomes in
ischemic stroke patients.

The objective of the present study was to determine
whether HbAlc value was associated with functional out-
come after acute ischemic stroke.

Methods
Patients

From January 2013 to June 2015, 496 first-ever acute
ischemic stroke patients were consecutively enrolled in
this hospital-based observational study, which was con-
ducted in the Department of Neurology at the First Affili-
ated Hospital of Wenzhou Medical University. All
patients diagnosed with acute ischemic stroke were con-
firmed by clinical symptoms and neuroimages according
to the recommendations from World Health Organiza-
tion."” In this study, we included patients admitted within
72 hours of ischemic stroke. The present study was
approved by the ethics committee of the First Affiliated
Hospital of Wenzhou Medical University. All patients or
their relatives gave signed informed consent in this study.

Clinical Assessment

Baseline information was collected about age, sex, med-
ical history, medications, and detailed demographics data
within 24 hours of admission. The severity of neurological
impairment was assessed by the National Institutes of
Health Stroke Scale (NIHSS) on the first day after admis-
sion. Admission blood glucose was measured in the emer-
gency room. HbAlc levels and other blood biochemical
variables were routinely measured within 24 hours after
hospital admission from fasting patients in the morning.
Stroke subtypes were classified according to the Trial of
Org 10172 in Acute Stroke Treatment (TOAST) study.*

Hypertension was defined as at least 2 raised blood
pressure level >140/90 mmHg or use of antihypertensive
medicines. Diabetes was diagnosed as use of antidiabetic
medicines, previous physician diagnosis, or HbAlc
>6.5%. Dyslipidemia was diagnosed as total cholesterol
level >6.21 mmol/L, serum triglyceride concentration
>2.26 mmol/L, or use of cholesterol-lowering agents.
Atrial fibrillation was defined according to medical
records or conclusive electrocardiogram data. Smoking
habits was defined as patients who had smoked at least
1 cigarette/d for >6 months. On the basis of American
Diabetes Association’s Standards of Care,'” we divided
the patients into three groups according to HbAlc level:
(a) the high HbAlc level (HbAlc >6.5 %), (b) the moder-
ate HbAlc level (HbAlc 5.7-6.4%), and (c) the low HbAlc
level (HbAlc <5.7%).
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Outcome Measures

The prognosis of all patients was evaluated on the basis
of the mRS through outpatient department or telephone
follow-up by a trained neurologist. Poor functional out-
comes were defined as an mRS score of 2-6 at 3 months
after stroke.

Statistical Analyses

Statistical analyses were performed with the SPSS 22.0
package for Windows (SPSS Inc., Chicago, IL, RRID:
SCR_002865). P value <0.05 were considered to be statisti-
cally significant. Continuous variables were expressed as
means with standard deviations or medians with inter-
quartile ranges. Categorical variables were expressed as
percentages. Statistical analyses were performed using
Student’s t-test, one-way analysis of variance and Krus-
kal-Wallis for continuous data, chi-square test or Fisher
exact test for categorical data. We compared the difference
of characteristics between the poor outcome group and
favorable outcome group. We conducted different multi-
variate logistic regression models to evaluate the associa-
tion between HbAlc level and poor functional outcomes
at 3 months. We also further analyzed the relationship
between HbAlc level and functional outcome in diabetes
group and non-diabetes group respectively, and addi-
tional logistical regression analyses were performed.

Results

Among a total of 496 patients, 55 patients with admis-
sion after 72 hours of onset were excluded. In the rest of
the patients, 16 patients with no data on HbAlc and 17
patients who were lost to follow-up were also excluded.
Finally, we enrolled 408 patients in this study (Fig 1).

At baseline, the mean age of all patients was 63.8 +
11.5 years old, and 261 patients (64.0%) were male. The
median NIHSS score was 5. The mean HbAlc level was
6.4 + 1.5 mmol/L with a range of 3.7-14.9 mmol/L, and
147 patients (36.0%) including known pre-existent (1 = 91)
and newly (1 = 56) were diagnosed as diabetes. Moderate
HbAlc level was present in 126 (30.9%) patients and high
HbAlc level in 129 (31.6%) patients. 117 patients (28.7%)
were treated with intravenous rtPA. Poor neurological
outcome at third month was present in 196 (48.0%)
patients. Baseline characteristics for the whole study par-
ticipants and clinical characteristics stratified for HbAlc
level were presented in Table 1.

Patients with moderate HbAlc level were significantly
older than those with high HbAlc level. Diabetes and
dyslipidemia were more frequent in the high HbAlc level
group than the low HbA1lc level group. NIHSS at admis-
sion did not differ between these three groups (P = .821).
Moreover, patients with high HbAlc level were signifi-
cantly associated with higher admission glucose level,
lower high-density lipoprotein cholesterol level, and
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496 patients with first-ever acute ischemic stroke
55 patients with admission after
| 72 hours of onset
» 16 patients with no data on HbAlc
» 17 patients excluded due to loss to
follow-up
A 4
408 patients included in the final analysis
Figure 1. Flow diagram showing the patient selection.
Table 1. Baseline characteristics and clinical characteristics stratified for HbAlc level
Variables All patients (n =408) Tertiles of HbAlc, mmol/L P Value
Low HbAlc Moderate HbAlc  High HbAlc
level (n=153) level (n=126) level (n=129)
Age, years, mean + SD 63.8£11.5 63.1 £13.2 65.9 +£10.7 62.7+£9.8 .051
Male sex, n (%) 261 (64.0) 91 (59.5) 85 (67.5) 85 (65.9) 331
HbAlc, mmol/L, mean + SD 64+1.5 53+03 5.9+0.2 8.1+1.5 <.001
Comorbidities, n (%)
Hypertension 306( 75.0) 109 (71.2) 93 (73.8) 104 (80.6) 181
Diabetes 147 (36.0) 3(2.0) 15(11.9) 129 (100) <.001
Dyslipidemia 131 (32.1) 34 (22.2) 43 (34.1) 54 (41.9) .002
Atrial fibrillation 53 (13.0) 19 (12.4) 20 (15.9) 14 (10.9) 474
Smoking, n (%) 161 (39.5) 61 (39.9) 49 (38.9) 51(39.5) .986
NIHSS at admission, median (IQR) 5(3-8) 4 (3-8) 5(2-8) 5(3-8) .821
Laboratory findings, mmol/L, mean £ SD
Admission glucose 83+3.7 6.6+ 1.5 7.1+ 1.7 11.5+£4.7 <.001
Total cholesterol 50+£12 49+ 1.1 50£12 50£13 460
Triglycerides 1.7+ 1.0 14+0.6 1.7+ 1.1 214+1.2 <.001
HDL-C 1.1+0.3 1.2+03 1.1££0.3 1.1+0.3 .006
LDL-C 3.0+£09 3.0+£09 3.0+£09 30£1.0 765
Uric acid 305.6 £ 101.6 303.4v110.3 316.9 £ 86.8 297.4 £103.7 297
Blood albumin 38.8 £ 3.9 39.0 £ 3.9 38.7v4.0 38.7£3.8 .801
Systolic BP, mmHg, mean + SD 155.9 +23.6 1549 £24.0 154.6 224 158.4 +24.2 .349
Diastolic BP, mmHg, mean £ SD 854+ 15.2 85.8 +17.2 84.9 + 13.7 85.3+14.0 .874
Intravenous rtPA, n (%) 117 (28.7) 37(24.2) 45(35.7) 35(27.1) .095
Stroke subtype, n (%) 470
Large artery atherosclerosis 237 (58.1) 85 (55.6) 71 (56.3) 81 (62.8)
Small artery occlusion 71(17.4) 31 (20.3) 21 (16.7) 19 (14.7)
Cardioembolism 30(7.4) 13 (8.5) 6 (4.8) 11 (8.5)
Other determined etiology 8(2.0) 4(2.6) 3(2.4) 1(0.8)
Undetermined cause 62 (15.2) 20 (13.1) 25 (19.8) 17 (13.2)

Abbreviations: HbAlc, hemoglobin Alc; NIHSS, National Institute of Health stroke scale; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; BP, blood pressure; rtPA, recombinant tissue plasminogen activator; SD, standard deviation;
IQR, interquartile range.
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High HbAlc level(n=129) 29 31 29 19 15 .
Moderate HbA1c level(n=126) 553 35 25 21 z-
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Figure 2. Functional outcome at 3 months stratified for HbAlc level.

higher triglycerides level. There were no statistically sig-
nificant difference among the groups with regard to sex,
smoking, hypertension, atrial fibrillation, and stroke sub-
types. The distribution of functional outcome at 3 months
stratified for three HbAlc levels is shown in Figure 2. The
trendence of significant differences between the three
groups were perceived in regard to 3-month poor out-
comes (x2:4.804, P =.091). The comparison of baseline
characteristics and functional outcome between each
stroke subtypes is presented in Table 2. The prognosis of
large artery atherosclerosis group is poorer than the small
artery occlusion group.

Table 3 shows the characteristics compared between
patients with poor and favorable outcome. The patients
with poor outcome were older, had higher NIHSS score,
HbA1lc level and diabetes rates than patients with favor-
able outcome.

Table 4 shows the association between HbAlc level and
poor outcome. After adjustment for Model 1 plus varia-
bles such as admission glucose, triglycerides and blood

albumin that were identified as P value <0.2 in the Table 3,
the clinical outcome decreased substantially as HbAlc
value became higher. These findings were still existed
after adjustment for Model 2 plus stroke subtype, hyper-
tension, atrial fibrillation, smoking, uric acid, systolic BP,
and diastolic BP, patients in the high HbAlc level group
and the moderate HbAlc level group had a significantly
higher risk of poor functional outcome at 3 months than
the group in low HbAlc level (Model 3; P=.013, and
P =.048). Subgroup multivariate logistic regression analy-
ses were respectively conducted in the diabetic patients
and nondiabetic patients. Taking the HbAlc as continu-
ous variable, we found that HbAlc was a significant pre-
dictor of poor functional outcome at 3 months in diabetic
patients (Model 3; P =.042). Nevertheless, in nondiabetic
group, HbAlc was not associated with a risk of poor func-
tional outcome in model 3 (P = .475). We also found that,
in large artery atherosclerosis group, increasing HbAlc
level (OR 1.396, 95% CI 1.022-1.908, P =.036) was inde-
pendently associated with a higher risk of poor functional

Table 2. Baseline characteristics and functional outcome according to stroke subtypes

Large artery Small artery Cardioembolism Other determined ~ Undetermined P
atherosclerosis  occlusion (n=30) etiology (n =8) cause (n=62)
(n=237) (n=171)
Age, mean + SD, years 64.5 + 10.7 60.4 £ 11.1 67.8 £ 12.7 559+ 13.6 64.4v13.1 .006
Male sex, n (%) 151 (63.7) 42 (59.2) 20 (66.7) 5(62.5) 43 (69.4) .808
HbAlc, mmol/L, 6.6+ 1.6 62+ 14 63+ 1.2 6.0+0.8 62+1.0 147
mean £ SD
NIHSS at admission, 5(@3-7) 3 (2-6) 9 (3-11) 4.5(2.5-5) 7 (3.5-10) .000
median (IQR)
Intravenous rtPA, n (%) 51 (21.5) 15 (21.1) 16 (53.3) 5(62.5) 30 (48.4) .000
mRS2-6, n (%) 125(52.7) 24 (33.8) 15 (50) 1(12.5) 31 (50) .017

Abbreviations: HbAlc, hemoglobin Alc; mRS, modified Rankin Scale; NIHSS, National Institute of Health stroke scale; rtPA, recombi-

nant tissue plasminogen activator.
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Table 3. Comparison of the risk factors between patients with poor and favorable outcome

Variables Poor outcome (n=196) Favorable outcome (n=212) P value
Age, mean £ SD, years 655+ 11.2 62.3 +11.6 .006
Male sex, n (%) 125 (63.8) 136 (64.2) 937
HbAIc level (tertiles), n (%)
<5.7 63 (32.1) 90 (42.5)
5.7-6.4 64 (32.7) 62 (29.2)
>6.5 69 (35.2) 60 (28.3) .091
HbA1lc,mmol/L, mean &+ SD 6.6+1.6 62+1.3 .018
Comorbidities, n (%)
Hypertension 151 (77.0) 155 (73.1) .360
Diabetes 81 (41.3) 66 (31.1) .032
Dyslipidemia 57 (29.1) 74 (34.9) 208
Atrial fibrillation 26 (13.3) 27 (12.7) .874
Smoking, n (%) 83 (42.3) 78 (36.8) 251
NIHSS at admission, median (IQR) 7 (4-10) 3(2-6) <.001
Laboratory findings, mmol/L, mean £ SD
Admission glucose 85+3.6 8.0+38 178
Total cholesterol 49+ 1.1 50+1.2 435
Triglycerides 1.6 0.8 1.8+1.2 .145
HDL-C 1.1+£0.3 1.1+0.3 295
LDL-C 30+1.0 3.0+09 .964
Uric acid 300.8 +93.7 310.1 £ 108.4 .356
Blood albumin 38.5+3.8 39.1+£3.9 150
Systolic BP (mmHg) 156.8 £23.4 155.1 £23.7 484
Diastolic BP (mmHg) 853+ 155 854+ 14.9 935
Intravenous rtPA, n (%) 52 (26.5) 65 (30.7) 357

Abbreviations: BP, blood pressure; HbAlc, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range;
LDL-C, low-density lipoprotein cholesterol; NIHSS, National Institute of Health stroke scale; rtPA, recombinant tissue plasminogen activa-

tor; SD, standard deviation.

outcome after adjustment for Model 3 except stroke sub-

type.

Discussion

Our study showed that functional independence in
patients with ischemic stroke decreased with increasing
HbAlc level on admission. Although patients with higher
HbAlc level had more adverse risk factors than the lower
HbAlc level cases in our study, the association between
an elevated HbAlc level and poor outcome was still per-
sisted after adjusting for risk factors as mentioned above.

It was well proven that acute hyperglycemia adversely
affects short and long-term outcome after ischemic
stroke.">'®Y In our study, we found no association
between admission blood glucose and functional out-
come. One account for this difference is that most patients
in our study had mild stroke severity. And hyperglycemia
is just associated with severe stroke.” Another explanation
for the discrepancy is that the patients have more propor-
tion of diabetes in our study. A systematic review indi-
cated that acute hyperglycemia has no effect on clinical
outcome in diabetic patients." Admission glucose level
was not a marker of mortality in diabetes mellitus patients
who was in poor previous glucose control.” However,

little study allowed to evaluate the possible role of acute
blood glucose level in the relation between HbAlc and
poor outcome. Admission hyperglycemia did not attenu-
ate the risk of poor outcome associated with HbAlc.'"'
But some studies found no association between prestroke
glycemic control and unfavorable outcome after adjusting
for fasting glucose.10 In our study, the association was still
confirmed after adjusting for admission glucose.

The relationship between HbAlc level and outcome
after acute ischemic stroke is controversial. The study
included only 99 participants indicate that prestroke
hyperglycemia did not have any effect on
functional outcome.'” A study with large sample size of
ischemic stroke patients showed no relationship between
HbAlc level and mortality at 3 months.” However, the
other studies suggested that poor prestroke glycemic con-
trol had a deleterious effect on clinical outcome,'*%?°
which is in line with the results from our study. Further-
more, the inverse impact of chronic hyperglycemia on
functional outcome was only acquired in the subgroup of
diabetic patients in our cohort, nor in nondiabetic
patients. Roquer et al reported that HbAlc value was not
associated with 3-month mortality in presence/absence in
diabetic patients.” Another study presented that increas-
ing HbAlc level is detrimental to functional outcomes in



IMPACT OF ELEVATED HEMOGLOBIN

Table 4. Odds ratios for poor functional outcome according to HbAlc level

P

Multivariate adjusted (model 3)

P

Multivariate adjusted (model 2)

OR

P

Multivariate adjusted (model 1)

95% CI

OR

95% CI

95% CI

OR

All patients

HbAlc level (tertiles)
Low HbAlc level

Ref

1.005-3.214 .048

1.797
2.387
1.386

044

.018
011

1.017-3.171

1.796
2.261

.093
.016

0.924-2.800

1.608
1.951

Moderate HbAlc level
High HbAlc level

.013
.010

1.201-4.745
1.081-1.777

1.153-4.430

1.074-1.744

1.133-3.360
1.031-1.413

1.369

.019

1.207

HbAIc as continuous variable

Diabetic patients (n = 147)

.042

1.013-2.167

1.482

81

1

0.903-1.714

1.245

0.880-1.452 338

1.130

HbAIc as continuous variable

Nondiabetic patients (n

=261)

475

0.589-3.118

1.355

0.671-3.330 325

1.233 0.581-2.620 .585 1.495

Model 1 = adjusted for age, sex, intravenous rtPA, National Institutes of Health Stroke Scale score.

Model 2

HbAc as continuous variable
Model 3

adjusted for Model 1 plus variables such as admission glucose, triglycerides and blood albumin that were identified as P value<.2 in the Table 3.

Model 2 plus stroke subtype, hypertension, atrial fibrillation, smoking, uric acid, systolic BP and diastolic BP.

Abbreviations: CI, confidence interval; HbAlc, hemoglobin Alc; OR, odds ratio.
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both diabetics and non-diabetic patients, but not in whole
patients."”

Several potential mechanisms are proposed to explain
why elevated HbAlc have predictive value for poor out-
come of ischemic stroke. First, persistent hyperglycemia
may enlarge the infarction volume and result in worse
outcome.” Second, chronic hyperglycemia has been linked
to cerebral tissue and cerebral vasculature changes, such
as white matter hyperintensity”' and smaller lacunes,”
which may predispose to poor outcome. Third, hypergly-
cemia can induce a pro-oxidative state and result in direct
neuronal toxicity.” Oxidative stress and elevated coagula-
tion factors caused by chronic hyperglycemia may lead to
a prothrombotic shift.”> And these factors can be interre-
lated, and aggravate the brain damage.

However, the effect of glucose-lowering treatment on
clinical outcome after ischemic stroke is not being con-
firmed in randomized-controlled trials.”* Our study pro-
vides powerful evidence that prestroke glycemic control
may influence the clinical course and outcome of ischemic
stroke. The current study had certain limitations. First of
all, HbAlc level and follow-up data were not available in
thirty-three patients included in the study. But there were
no significant differences of the baseline characteristics
between the excluded patients and included patients. Sec-
ond, this analysis was carried out in a single hospital,
which may not be generalized to all other stroke patients.
In addition, another point is that a single HbAlc evalua-
tion on admission, result in underestimating long-term
glycemia after ischemic stroke linked to 3-month out-
come.

Conclusion

In brief, our study presents some remarkable observa-
tions. First, HbAlc determination after ischemic stroke
was useful for identifying undiagnosed diabetes. Second,
higher HbAlc level on admission was an independent
predictor of adverse functional outcome in ischemic
stroke patients, and this association did not attenuate after
adjustment for initial blood glucose. Third, in subgroup
analysis, chronic hyperglycemia was also associated with
poor clinical outcome in diabetic patients. Based on these
points, tight glycemic control must be necessary for high-
risk diabetic patients.
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