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Background: The association between 2-h postprandial blood glucose level (2hPBG)
and functional outcomes in patients with small-artery occlusion (SAO) is poorly under-
stood. We aimed to explore the relationship between 2hPBG levels and functional
outcomes in SAO patients with diabetes.

Methods: We retrospectively analyzed 174 diabetic patients diagnosed with SAQ,
and 2hPBG values were classified into four groups according to quartiles (<8.90, 8.90
to <12.16, 12.16 to <15.14, and >15.14 mmol/L), or according to clinical glycemic
recommendations for adults with diabetes (<10 and >10 mmol/L, respectively). The rela-
tionship between 2hPBG levels and modified Rankin Scale (mMRS) scores was assessed
using univariate and multivariate analyses.

Results: Among all patients with SAO, there were 139 patients with favorable outcomes
and 35 patients with poor outcomes. National Institutes of Health Stroke Scale scores
were significantly different according to mRS scores (P < 0.001) in both the univariate
and multivariate analyses. The binary logistic regression analyses showed that compared
with the lowest quartile (<8.90 mmol/L), elevated 2hPBG levels (8.90 to <12.16, 12.16
to <15.14, and >15.14 mmol/L) were not associated with mRS scores after adjusting for
multiple confounding factors. Compared with patients with 2hPBG levels <10 mmol/L,
those with 2hPBG levels >10 mmol/L did not have a significant risk of poor outcome
after adjusting for confounders. Meanwhile, the negative results appeared in the ordinal
logistic regression of 2hPBG levels and 3-month functional outcomes.

Conclusion: Elevated 2hPBG levels were not associated with unfavorable functional
outcomes 3 months after stroke onset in SAO patients with diabetes.
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INTRODUCTION

Small-artery occlusion (SAO) isa subtype of ischemic stroke based
on the classification of the Trial of ORG10172 in Acute Stroke
Treatment (TOAST'), and accounts for 20-30% of ischemic stroke
cases in China (1-3). Assessment of functional independence is
the most accurate way to evaluate the outcomes of SAO patients
because SAO has the lowest stroke morbidity and mortality rate
among stroke subtypes (3).

There is increasing evidence that hyperglycemia immediately
after stroke and pre-stroke glucose metabolism play key roles
in the outcome of stroke patients (4-10). It has been shown
that stroke can lead to hyperglycemia in the acute phase, and
hyperglycemia at admission is associated with poor outcomes
in non-SAO patients (8, 11); however, the association between
hyperglycemia and outcome in SAO patients remains contro-
versial (11-13).

In addition to fasting blood glucose (FBG), 2-h postprandial
blood glucose (2hPBG) is another indicator used to evaluate
glucose metabolism. In China, isolated raised 2hPBG levels
have been noted in 85.8% of patients with impaired glucose
tolerance after ischemic stroke (14). Some studies showed
that atherosclerosis is more strongly associated with 2hPBG
levels than fasting glucose levels (15). However, the associa-
tion between 2hPBG level and functional outcome following
SAO, especially among patients with diabetes, has not been
established.

Therefore, the aim of the present study was to investigate the
role of 2hPBG levels in functional outcomes of SAO patients with
diabetes 3 months after stroke onset.

MATERIALS AND METHODS

Patient Selection

This study was approved by the ethics committee of Tianjin
Huanhu Hospital. Written informed consent was obtained from
the individuals and their families at the beginning of the study.
We retrospectively reviewed data from the stroke registry of the
Department of Neurology of Tianjin Huanhu Hospital between
January 1, 2008, and October 31, 2012.

Diagnosis of acute cerebral infarction was made according to
World Health Organization criteria (13). Patients were required
to be admitted within 3 days of their first ischemic stroke, and
diagnoses were confirmed by brain computed tomography or
magnetic resonance imaging. Patients diagnosed with SAO,
which was defined according to the TOAST classification
criteria (1, 3). The location of infarction was limited in the
subcortex or brain stem, with a diameter <1.5 cm as shown on
CT or MRI. Exclusion criteria for this study were as follows:
(1) age <18 years, (2) potential cardiac sources for embolism,
(3) stenosis greater than 50% in an ipsilateral artery, (4) unwill-
ingness to participate, and (5) the patients who received r-tPA
therapy.

Of 1,766 stroke patients with available 2hPBG data, 1,502
were diagnosed with ischemic stroke, and 439 were diagnosed
with SAO. After excluding patients who were lost in follow-up

1766 patients diagnosed with
stroke had 2hBPG value

264 patients were excluded
177 with cerebral hemorrhage
87 with TIA

| 1502 patients with ischemic stroke |

...y 1083 patients were excluded
with non-SAO stroke

[ 439 patients with SAO stroke |

265 patients were excluded

S

35 patients were loss to follow-up

| 174 patients were included | 230 non-diabstes patierits

139 patients with 35 patients with
favorable outcome unfavorable outcome

FIGURE 1 | Flow chart of patient selection.

and patients without diabetes, 174 patients with diabetes were
analyzed in this study (Figure 1). We classified 2hPBG values
into four groups according to quartiles (<8.90, 8.90 to <12.16,
12.16 to <15.14, and >12.30 mmol/L). The 2hPBG values also
were classified into two groups according to the clinical glycemic
recommendations for non-pregnant adults with diabetes (<10
and >10 mmol/L, respectively) (16).

Demographic and Clinical Assessment
Patients’ demographic information and stroke risk factors were
obtained from stroke registry records. The National Institutes
of Health Stroke Scale (NIHSS) score at admission was used to
assess stroke severity (17).

Hypertension was defined as diastolic blood pressure >90 mmHg
and/or systolic blood pressure >140 mmHg; patients currently
receiving antihypertensive treatment also were defined as having
hypertension (18). Diabetes was defined as an FBG level >7.0
mmol/L and/or 2hPBG level >11.1 mmol/L, a previous diagnosis
of diabetes and/or the use of hypoglycemic agents, and/or an
HbA1c level on admission >6.5% (10, 19).

Dyslipidemia was defined as a triglyceride level >2.26 mmol/L
and/or a total cholesterol level >6.21 mmol/L; patients receiving
treatment with cholesterol-reducing agents also were defined as
having dyslipidemia (10, 18). The current drinkers were defined
that patients who consumed alcohol at least once a week for >1
year. Patients who smoked tobacco products almost every day
for >1 year were defined as current smokers. Obesity was defined
as a body mass index >30 kg/m? (2, 10).

Laboratory Methods

Fasting blood samples were collected from the cubital vein from
each patientin the early morning. The serum lipids were measured
on Day 2 after admission. A standard oral glucose tolerance test
was performed in all patients on Day 3 or 4 after admission; after
overnight fasting, patients drank 250 mL of a solution including
75 g of glucose within 3 min. Immediately before administering
the drink and again after 120 min, venous blood samples were
collected in sodium fluoride tubes for plasma glucose measure-
ments (14, 19).
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Follow-up and Outcomes Assessment
Patients were followed up through either telephone or in-person
interviews. In the current study, the deadline for follow-up was
3 montbhs after stroke. Functional outcomes were evaluated using
modified Rankin Scale (mRS) scores. A favorable outcome was
defined as an mRS score of 0-2, and an unfavorable outcome was
defined as an mRS score of 3-5 after stroke onset (10).

Statistical Analysis
Continuous variables are presented as means + SD. The signifi-
cance of inter-group differences was assessed using the ¢-test and
one-way analysis of variance. Categorical variables are presented
as counts and percentages. The chi-square test was used to analyze
differences between groups.

Univariate and multivariate analyses were used to analyze
functional outcomes. We compared the difference between the
favorable outcome group and poor outcome group in the uni-
variate analysis. When analyzing mRS scores, we compared the
proportion of mRS defined by favorable/unfavorable outcome
and the overall distribution of mRS scores using binary logistic
regression and ordinal logistic regression, respectively. There
are two stratified methods for 2hPBG values in the present
study. Four models were conducted to estimate the associa-
tions between the 2hPBG and the outcome individually in each
stratified methods. In Model 1, no statistical correction has
been made. Model 2 included age and sex, which cannot be
reversed factors. In Model 3, confounder variables identified
as significant in the univariate analyses (P < 0.05) were entered
into logistic regression analyses. Model 4 included all of the
potential factors.

The software package SPSS 17.0 was used to perform statistical
analyses.

RESULTS

Baseline Demographics and Clinical
Characteristics According to 2hPBG
Quartiles

Table 1 and Figure 2 demonstrate the clinical characteristics of
patients according to 2hPBG levels. A total of 174 patients [107
men (61.5%); mean age, 62.64 + 10.92 years; range, 33-86 years]
were included in the study. The 2hPBG median and inter-quartile
spacing of all patients were 12.16 mmol/L (8.90, 15.14) (range,
4.44-39.40 mmol/L). The 2hPBG levels were <10 mmol/L in 49
patients (28.2%) and >10 mmol/L in 125 patients (71.8%). FBG
levels tended to increase with higher 2hPBG levels. The percent-
ages of stroke severity were equally distributed among the 2hPBG
quartiles. There was no statistically significant difference among
the stratifications with regard to antiplatelet therapy.

Association between 2hPBG Levels and

Functional Outcomes
Table 2 compares characteristics between the favorable outcome
and unfavorable outcome groups. Among all patients, there were
139 patients (79.9%) with favorable outcomes and 35 patients
(20.1%) with poor outcomes. The percentages of patients with
higher NTHSS scores were significantly different according to
mRS scores (P < 0.001). In addition, patients with unfavorable
outcomes were less likely to be smokers and alcohol drinkers.
Figure 3 shows the results of the binary logistic regression
analyses of 2hPBG levels and 3-month functional outcomes.
The results indicated that compared with the lowest level of
2hPBG (<8.90 mmol/L), 2hPBG in the three higher quartiles
(8.90 to <12.16, 12.16 to <15.14, and >15.14 mmol/L) had no
significant trend in increasing risk of poor functional outcome.

TABLE 1 | Baseline demographics and clinical characteristics according to 2hPBG.

2hPBG (mmol/L)

<890(n=42) >890(n=45) >12.16(n=44) =>15.14(n=43) PValue <10.00(n=49) >10.00(n =125) P-Value
Age, years 62.93 + 10.07 63.53 + 10.81 63.16 + 11.36 60.91 + 11.56 0.683 63.39 + 9.77 62.35 + 11.36 0.575
Male sex, n (%) 24 (57.1) 32 (71.1) 29 (65.9) 22 (51.2) 0.222 31 (63.3) 76 (60.8) 0.764
Risk factors
Hypertension, n (%) 36 (85.7) 31 (68.9) 35 (79.5) 33 (76.7) 0.300 41 (83.7) 94 (75.2) 0.228
Dyslipidemia, n (%) 16 (38.1) 16 (35.6) 16 (36.4) 21 (48.8) 0.557 19 (38.8) 50 (40.0) 0.882
Smokers, n (%) 11 (26.2) 12 (26.7) 15 (34.1) 12 (27.9) 0.836 12 (24.5) 38(30.4) 0.438
Alcohol drinkers, n (%) 2(4.8) 9(20.0) 5(11.4) 7(16.3) 0.179 3(6.1) 20 (16.0) 0.084
Obesity, n (%) 9(21.4) 5(11.1) 4(9.1) 4(9.3) 0.265 11 (22.4) 11(8.8) 0.015
Laboratory findings
TG, mmol/L 1.84 +£0.73 1.86 + 0.91 1.82 +£0.92 215+1.28 0.376 1.85+0.73 1.94 +1.06 0.588
TC, mmol/L 4.96 + 0.90 4.72 + 0.96 5.083 +1.23 5.35 + 1.60 0.136 4.92 + 0.89 5.06 + 1.32 0.423
HDL-C, mmol/L 1.04 £ 0.25 0.98 +0.27 0.99 + 0.31 1.04 £0.29 0.649 1.00 +£ 0.26 1.01 £0.29 0.803
LDL-C, mmol/L 3.06 +0.78 2.76 + 0.86 316 +1.12 3.30 +1.22 0.107 3.083+0.75 3.09 +1.11 0.709
FPG, mmol/L 6.27 +1.12 7.07 +1.81 8.53 +2.29 10.60 + 4.83 <0.001 6.30 + 1.08 8.82 + 3.57 <0.001
2hPBG, mmol/L 6.66 +1.27 10.82 + 0.85 13.63 + 0.90 19.68 + 4.45 <0.001 7.04 +1.52 14.94 + 4.48 <0.001
NIHSS, n (%) 0.546 0.219
0-6 33 (78.6) 31(68.9 34 (77.3) 29 (67.4) 39 (79.6) 88 (70.4)
>7 9(21.4) 14 (31.1) 10 (22.7) 14 (32.6) 10 (20.4) 37 (29.6)

2hPBG, 2-h postprandial blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG, fasting

plasma glucose; NIHSS, National Institute of Health stroke scale.
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FIGURE 2 | The Baseline demographics and clinical characteristics of enrolled patients. The risk factors and laboratory findings were normalized (Z-score) and
presented according to 2hBPG level. 2hPBG, 2-h postprandial blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; FPG, fasting plasma glucose; NIHSS, National Institute of Health stroke scale; mRS, modified Rankin scale.
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TABLE 2 | Comparison of the risk factors between different groups classified by
outcomes.

mRS <2 mRS > 3 P-Value
(n =139) (n =35)
Age, years (median values) 61. 94 +10.80 65. 48 + 11.11 0.091
Male sex, n (%) 85 (61.2) 22 (62.9) 0.853
Hypertension, n (%) 109 (78.4) 26 (74.3) 0.600
Dyslipidemia, n (%) 57 (41.0) 2(34.3) 0.468
Smokers, n (%) 45 (32.4) 5 (14. 3) 0.085
Alcohol drinkers, n (%) 22 (15.8) 1.9 0.043
Obesity, n (%) 8(12.9) 4 (11, 4) 0.809
FPG, mmol/L (median values) 8.18 + 3.46 7.84 +£2.44 0.578
2hPBG, n (%) 0.197
<8.90 (22 3) 11 (31.4)
>8.90 9 (28.1) 6(17.1)
>12.16 (23 0) 12 (34.3)
>15.14 37 (26.6) 6(17.1)
2hPBG, n (%) 0.367
<10.00 37 (26.6) 12 (34.3)
>10.00 102 (73.4) 23 (65.7)
NIHSS, n (%) <0.001
0-6 111 (79.9) 16 (45.7
>7 28 (20.1) 19 (54.3)

mRS, modified Rankin scale; FPG, fasting plasma glucose; 2hPBG, 2-h postprandial
blood glucose; NIHSS, National Institute of Health stroke scale.

No statistical correction was made Model 1. Model 2 included
age and sex, and Model 3 included the variables of confounders
that were identified as significant in univariate analysis (smoking,

alcohol consumption, and NIHSS score). Model 4 included the
same variables as Models 2 and 3. The P for trend with respect to
hypertension, dyslipidemia, and obesity was 0.315, 0.362, 0.255,
and 0.355, respectively, for the four groups. Because lowering
postprandial blood glucose to <10 mmol/L was recommended
in clinical practice, we further compared patients with 2hPBG
levels <10 mmol/L to those with 2hPBG levels >10 mmol/L; the
latter did not have a significantly higher risk of poor outcome
after adjusting for confounders (P for trend of Model 1, Model
2, Model 3, and Model 4 was 0.369, 0.397, 0.295, and 0.312,
respectively).

Similarly, the negative results appeared in the ordinal logistic
regression (Figure 4). No significant association has be shown
between 2hPBG and the distribution of mRS in Model 3 (8.90
to <12.16, OR 0.636, 95% CI, —1.310-0.405, P = 0.301; 12.16
to <15.14, OR 1.012, 95% CI, —0.834-0.857, P = 0.978; >15.14,
OR0.449,95% CI, —1.670-0.070, P=0.071), and in Model 4 (8.90
to <12.16, OR 0.530, 95% CI, —1.514-0.245, P = 0.157; 12.16
to <15.14, OR 0.868, 95% CI, —0.998-0.717, P = 0.748; >15.14,
OR 0.416, 95% CI, —1.772-0.015, P = 0.054).

In current study, the stroke severity assessed by NIHSS scores
shown the positive results both in binary and ordinal logistic
regression. In Model 3, compared with the 0-6 stratification, the
7-14 stratification was associated with a risk of poor outcome (OR
5.561, 95% CI, 2.356-13.126, P < 0.001 in binary logistic regres-
sion; OR 6.896, 95% CI, 1.225-2.637, P < 0.001 in ordinal logistic
regression). In Model 4, compared with the 0-6 stratification,
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<8.90 Index Index
28.90 0.137 0.434 0.144-1.304 —— 0.115 0.406 0.133-1.244 —_—
21216 0.910 1.057 0.406-2.748 0.961 1.024 0.389-2.701
215.14 0.164 0.457 0.152-1.377 —— 0.194 0.478 0.157-1.455 —_—
P for trend 0.315 0.362
2hPBG, n(%)
<10.00 Index Index
210.00 0.369 0.695 0.315-1.536 — 0.397 0.708 0.318-1.574 ——
r T T T T T T T T T 1
0 05 1 15 2 25 0 05 1 15 2 25
OR and 95% CI OR and 95% CI
(o] Model 3 D Model 4
0, 0,
2hPBG, n(%) P OR 95%CI P OR 95%CI
<8.90 Index Index
28.90 0.095 0.356 0.106-1.195 —— 0.061 0.295 0.082-1.058  —@—
212.16 0.760 1.178 0.412-3.371 ———— 0.893 1.078 0.362-3.205
215.14 0.101 0.362 0.108-1.218 —— 0.143 0.390 0.111-1.374 ——
P for trend 0.255 0.355
2hPBG, n(%)
<10.00 Index Index
210.00 0.295 0.630 0.265-1.497 ——l—— 0.312 0.626 0.253-1.552 e —
T il T T T T T 1 T T T T T T 1
0 05 1 15 2 25 3 35 0 05 1 15 2 25 3
OR and 95% CI OR and 95% CI
FIGURE 3 | Odds ratios for 2-h postprandial blood glucose (2hPBG)-based model. (A) For Model 1, the results indicated that compared with the lowest level of
2hPBG (<8.90 mmol/L), 2hPBG in other three higher quartiles (8.90 to <12.16, 12.16 to <15.14, and >15.14 mmol/L) had no significant trend in increasing risk of
poor functional outcome. (B) Model 2 included age and sex. (C) Model 3 included the variables of confounders that were identified as significant in the univariate
analyses (smoking, alcohol consumption, and National Institute of Health stroke scale score). (D) Model 4 included the same variables in Model 2, Model 3, and
hypertension, dyslipidemia, and obesity.

the 7-14 stratification was also associated with the risk of poor
outcome (OR 6.062, 95% CI, 2.478-14.832, P < 0.001 in binary
logistic regression; OR 7.471, 95% CI, 1.291-2.732, P < 0.001 in
ordinal logistic regression).

DISCUSSION

It has been established that pre-stroke glycemic control status,
which is usually reflected by hemoglobin Alc (HbAlc), is a
more stable way to evaluate glycemic control than random
blood glucose testing (12). It has been shown that HbAlc is also
an independent prognostic factor of mortality and functional
outcome among patients diagnosed with ischemic stroke (9,
10). In our previous study, we found that elevated HbA1c levels

were associated with unfavorable functional outcomes 3 months
after stroke onset among patients with SAO (10). Furthermore,
hyperglycemia at admission, measured using FBG or random
blood glucose levels, was associated with poor outcomes in
acute stroke patients. Hyperglycemia at admission is common,
with up to 68% of stroke patients presenting with hyperglycemia
during the acute stroke phase (20); a similar result was found in
our study, in which 65.8% of patients had diabetes or impaired
glucose regulation. The mechanisms underlying the association
between hyperglycemia at admission and poor outcome involve
many factors, such as direct neuronal toxicity via the induction of
oxidative stress and inflammation (21, 22) and the expansion of
the penumbra area through procoagulant effects, which interferes
with blood supply (23-25).
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FIGURE 4 | Distribution of modified Rankin Scale (mRS) score at 3 month after stroke [(A) based on 2-h postprandial blood glucose (2hPBG) values according to
quartiles and (B) based on 2hPBG values according to clinical glycemic recommendations].

However, the effects of hyperglycemia at admission might
differ according to TOAST stroke subtype, as hyperglycemia
was associated with poor outcomes among patients with large-
artery atherosclerosis (8, 11, 26) but not among those with SAO
(11-13). The finding that hyperglycemia has protective effects
against stroke was also confirmed in animal end-artery infarct
models (27-29), and these end-artery infarct models mimic the
SAO stroke subtype in humans. The reason why hyperglycemia
at admission is associated with different effects on different
stroke subtypes is not clear, partially because of the existence of
different inflammation characteristics among TOAST subtypes
(30, 31).

Recently, the role of 2hPBG levels in the outcomes of SAO
patients has received more attention, because 2hPBG levels
are an independent risk factor for vascular diseases, while
FBG levels are not (15, 16, 32). The DECODE Study found
that, compared with FBG levels, 2hPBG levels were a superior
predictive factor for all-cause mortality (HR 1.73 [1.45-2.06])
and cardiovascular disease (HR 1.40 [1.02-1.92]) (33). Levels
of 2hPBG may be a better indicator of glucose control than
FBG and random blood glucose levels because it may not be
affected by some factors, such as reinstitution of oral feeding
or intravenous administration of glucose-containing fluids.

However, physicians continue to rely on FBG and HbAlc levels
as indicators for disease management.

In the present study, we found that patients with higher 2hPBG
levels (8.90 to <12.16, 12.16 to <15.14, and >15.14 mmol/L) had
no significant trend for lower risk of a favorable outcome com-
pared with patients with the lowest 2hPBG levels, and compared
with patients with 2hPBG levels <10 mmol/L, those with 2hPBG
levels >10 mmol/L did not have a significant risk of poor outcome
after adjusting for confounders. Our findings were in line with
those reported in the study by Bruno et al. (11); the only differ-
ence between the two studies was the latter study included stroke
patients both with and without diabetes. The reason why higher
2hPBG levels have no effects on functional outcome among SAO
patients with diabetes is still under investigation. One possible
explanation for this link is that SAO patients with diabetes are
more prone to develop a pro-inflammatory, hypercoagulable state
compared with patients without diabetes. As a result, patients
with diabetes may develop a tolerance to fluctuating blood glu-
cose levels (34, 35).

Our finding has important clinical implications. It has been
shown that acarbose decreased the incidence of major adverse
cardiovascular events and slowed the progression of carotid
intima-middle thickness through lowering postprandial blood
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glucose (36, 37). However, based on the findings of present
study, it should be noted that lowering postprandial blood
glucose to some extent in the acute phase, regardless of stroke
subtype, may adversely affect the outcome, especially in SAO
patients (27-29). For patients with SAQ, it is important to
routinely measure 2hPBG levels and to avoid excessive reduc-
tion of PBG levels, as this may benefit early intervention in
clinical practice.

The present study had the following limitations. First, as
all the subjects were recruited from a single hospital in north
China, the sample size is too small to determine clinical rel-
evance. Second, blood glucose levels were based on a single
measurement; therefore, there may be an inevitable selection
bias. Third, we could not test 2hPBG levels during the follow-
up period. Future studies with larger patient populations are
necessary to evaluate the effect of diabetes and 2hPBG levels
after SAO.

CONCLUSION

In this study, higher 2hPBG levels were not associated with unfa-
vorable functional outcomes 3 months after stroke onset in SAO
patients with diabetes.
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