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Microvascular complications
of diabetes worsen long-term
functional outcomes after
acute ischemic stroke

Longling Li and Changqing Li

Abstract

Objective: This study was performed to evaluate the potential predictors of poor outcomes

associated with diabetes-specific microvascular pathologies and to analyze their influence

on clinical outcomes by adjusting for other well-known prognostic factors in patients with

acute ischemic stroke.

Methods: We analyzed 1389 consecutive adult patients with acute ischemic stroke and explored

the relationship among clinical characteristics, laboratory measurements, imaging findings, and

6-month functional outcomes.

Results: The final study population comprised 216 patients with both acute ischemic stroke and

diabetes mellitus who were followed up for 6 months. A multiple logistic regression analysis of

poor outcomes revealed the following independent predictors: leukoaraiosis severity [odds ratio

(OR), 7.38; 95% confidence interval (CI), 1.40–38.86, per 1-point increase), diabetic nephropathy

(OR, 10.66; 95% CI, 1.10–103.43), and the admission National Institutes of Health stroke scale

score (OR, 2.58; 95% CI, 1.36–4.92 per 1-point increase). In this model, admission hyperglycemia

and intracerebral hemorrhagic transformation were not independent prognostic predictors.

Conclusion: Microvascular complications (such as nephropathy) caused by diabetes mellitus

predict an unfavorable clinical outcome after acute ischemic stroke. Diabetic nephropathy may

partly affect post-stroke prognosis by means of exacerbating leukoaraiosis.
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Introduction

The prognosis after stroke is poor in patients
with diabetes. A higher incidence of death or
dependency and of recurrent stroke after
stroke onset is observed in patients with
than without diabetes.1,2 Various predictors
associated with long-term functional deficits
and mortality after stroke in patients with
diabetes have been reported. Hyperglycemia
at admission and in the early phase after
acute ischemic stroke is associated with a
worse functional outcome in patients both
with and without diabetes.3–5 The pre-
stroke glycemic control status as defined by
the glycated hemoglobin (HbA1c) concentra-
tion on admission is another predictor of
poor outcomes.6 In a previous study, howev-
er, maintenance of the serum glucose concen-
tration within a specific range in the first
hours of acute ischemic stroke was not ben-
eficial in terms of the functional outcome,
death, or improvement in final neurological
deficits and significantly increased the
number of hypoglycemic episodes.7

Previous evidence supports a link between
microvascular complications and an
increased risk of cardiovascular events in
patients with type 2 diabetes.8 Additionally,
chronic nephropathy and proteinuria worsen
post-stroke functional outcomes.9,10

This study was performed to explore the
relationship between diabetic microvascular
complications and a poor prognosis of acute
ischemic stroke. We formulated the following
hypotheses: (1) Not only hyperglycemia
but also chronic microvascular complications
of diabetes (diabetic retinopathy, diabetic
nephropathy, and diabetic neuropathy) pre-
dict an unfavorable post-stroke outcome. (2)
These microvascular complications worsen
the prognosis by exacerbating cerebral small
vessel disease. In the present study, we inves-
tigated the relationship between the clinical
characteristics and 6-month functional out-
comes after acute ischemic stroke in patients
with diabetes.

Patients and methods

Patient selection and baseline

characteristics

Consecutive patients who were admitted to

The 2nd Affiliated Hospital of Chongqing

Medical University within 24 hours of

acute ischemic stroke onset were enrolled

in our single-hospital observational cohort

study. Patients with a history of clinically

diagnosed stroke were excluded. Our study

was performed in accordance with the eth-

ical standards formulated in the Helsinki

Declaration. Written informed consent

was obtained from all patients before initi-

ation of the study. Ethical approval was

obtained from the ethics committee of The

2nd Affiliated Hospital of Chongqing

Medical University. The following clinical

information was assessed: age, sex, cigarette

smoking, alcohol consumption, hospitaliza-

tion, history of transient ischemic attack,

hypertension, diabetes mellitus and its

microvascular complications, atrial fibrilla-

tion, peripheral artery disease, valvular

heart disease, coronary heart disease and

prior acute myocardial infarction, conges-

tive heart failure, previous treatment (anti-

platelet, anticoagulant, antihypertensive,

statins, antidiabetic, and others), baseline

body temperature, and systolic and diastolic

blood pressure at admission. The stroke

etiology was prospectively classified accord-

ing to the Trial of Org 10172 in Acute

Stroke Treatment (TOAST) criteria11: large

artery atherosclerosis, cardioembolism,

small vessel occlusion, and others (either

other determined etiology or undetermined

etiology). The severity of neurologic impair-

ment was evaluated using the National

Institutes of Health stroke scale (NIHSS)

and Glasgow Coma Scale at admission and

discharge. The therapies after admission

were administered according to the pub-

lished guidelines.12
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Laboratory measurements at admission

The white blood cell count, hematocrit, plate-

let count, blood urea nitrogen level, serum
creatinine level, and international normalized

ratio were obtained at admission. The con-

centrations of total cholesterol, low-density
lipoprotein cholesterol, high-density lipopro-

tein cholesterol, triglycerides, and HbA1c

were measured the following day after fast-

ing. The urine protein and ketone levels were
evaluated semiquantitatively. The estimated

glomerular filtration rate (eGFR) at admis-

sion was calculated according to the
Modified Diet in Renal Disease equation rec-

ommended by the National Kidney

Foundation: eGFR (ml/min/1.73 m2)¼
186� [serum creatinine (mg/dl)�1.154� age

(years)�0.203� (0.742 if female)].13

Diagnostic criteria for diabetes mellitus

and its chronic complications

The plasm glucose level at admission was
measured before administration of intrave-

nous solutions or glucose-lowering thera-

pies. The diagnosis of diabetes mellitus
included both known pre-existing diabetes

and newly diagnosed diabetes. Known pre-

existing diabetes was diagnosed before
stroke. The HbA1c level at admission was

not an exclusion criterion for known

pre-existing diabetes. Patients were newly
diagnosed with diabetes according to the

following criteria: fasting plasma glucose

level of >7.0mmol/l (126mg/dl), symptoms

of hyperglycemia and a casual plasma glu-
cose level of >11.1mmol/l (200 mg/dl),

and a 2-hour plasma glucose level of

>11.1mmol/l (200 mg/dl) during a 75-g
oral glucose tolerance test.14 Patients with

an HbA1c level of <6.5% at admission

were excluded to rule out stress hyperglyce-
mia after stroke.15 Diabetic retinopathy,

nephropathy, and neuropathy were

recorded at admission. Retinopathy was
diagnosed by funduscopic examination or

retinal photography according to an estab-
lished international classification.16,17 This
international classification describes the
clinical levels of diabetic retinopathy and
diabetic macular edema as follows: no
apparent retinopathy, mild nonproliferative
diabetic retinopathy, moderate nonprolifer-
ative diabetic retinopathy, severe nonproli-
ferative diabetic retinopathy, proliferative
diabetic retinopathy, macular edema
apparently absent, and macular edema
apparently present. Nephropathy was diag-
nosed by the presence of proteinuria or an
abnormal eGFR. Specific urinary albumin
excretion measurements were not available
in this study; therefore, semiquantitative
dipstick measurements of albuminuria
were used as recommended by the
American Diabetes Association guide-
lines.18 Neuropathy was diagnosed as a
generalized symmetric polyneuropathy or
a focal or multifocal neuropathy according
to the clinical features and neuroelectro-
physiological examination findings as
recommended by the American Diabetes
Association guidelines.19 Glucose-lowering
therapies and feeding were administered in
accordance with published guidelines.12

Image analysis

Radiographic examinations were used to
exclude transient ischemic attack, determine
the clinical subtypes of stroke, measure the
severity of leukoaraiosis (LA), localize
infarcts, and diagnose intracerebral hemor-
rhagic transformation (HT). Upon admis-
sion, all patients underwent brain
computed tomography performed with a
64-row detector scanner (GE LightSpeed
VCT XTe; GE Medical Systems,
Milwaukee, WI, USA). Brain magnetic res-
onance imaging (MRI) was performed with
a 1.5-tesla magnetic resonance system (GE
Signa; GE Medical Systems) within 7 days
of hospitalization. A standardized stroke
protocol was used in all patients and
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included T2-weighted, T1-weighted, and
diffusion-weighted echo-planar images;
axial fluid-attenuated inversion recovery
images; and magnetic resonance angiogra-
phy. The modified Fazekas scale was used
to rate the severity of LA at baseline on
MRI. The patients were accordingly subdi-
vided into three severity groups: grade 0 (no
changes); grade 1 (mild changes): single
lesions of <10 mm and/or areas of
“grouped” lesions of <20 mm in any diam-
eter; grade 2 (moderate changes): single
hyperintense lesions of 10–20 mm and
hyperintense areas linked by no more than
“connecting bridges” of >20 mm in any
diameter; and grade 3 (severe changes):
both single and confluent hyperintense
areas of �20 mm in any diameter.20 Severe
LA was defined as a modified Fazekas scale
score of�3. Intracerebral HT was diagnosed
by computed tomography within 1 week
after ischemic stroke onset and classified by
the method used in the European
Cooperative Acute Stroke Study I.21 The
internal carotid artery intima–media thick-
ness (IMT) was measured from the media–
adventitia interface to the intima lumen
interface by B-mode color Doppler carotid
echography. An increased IMT was defined
as a thickness of>1.5 mm. All neuroimaging
measurements were performed by neuroradi-
ologists or trained sonologists blinded to the
clinical data.

Study outcomes

Follow-up was from April 2010 to May
2012. Surviving patients were tracked by reg-
ular outpatient consultations or a structured
telephone interview of the patients and their
families. All patient records available from
hospitals and primary care facilities under-
went a detailed evaluation. The 6-month
outcome was measured by clinicians blinded
to the patients’ baseline clinical and imaging
data using a 7-point modified Rankin scale
(mRS) (0: no symptoms; 1: no significant

disability, able to carry out all usual activi-
ties despite some symptoms; 2: slight disabil-
ity, able to look after own affairs without
assistance but unable to carry out all previ-
ous activities; 3: moderate disability, requires
some help but able to walk unassisted; 4:
moderately severe disability, unable to
attend to own bodily needs without assis-
tance and unable to walk unassisted; 5:
severe disability, requires constant nursing
care and attention, bedridden, incontinent;
6: dead). An unfavorable outcome was
defined as an mRS score of �3.

Statistical analyses

Categorical data were compared using the
chi-square test. Continuous variables were
analyzed using an unpaired t test or the
nonparametric Mann–Whitney U test.
Scoring variables were analyzed by the
Wilcoxon rank sum test. All parameters
presented in Tables 1 to 3 were analyzed
in univariate and multivariate models to
identify significant associations with favor-
able outcome at 6 months. Adjustments in
that analysis were based on univariate sig-
nificance. Another multivariate logistic
regression based on risk factors for cere-
bral small vessel disease identified by the
univariate analysis was performed to iden-
tify independent predictors of severe LA.
The multivariable model was built by a
stepwise selection procedure involving opti-
mization of the Akaike information
criterion. The level of significance was set
at 95% (P¼ 0.05). All analyses were
performed using SPSS16.0 (SPSS Inc.,
Chicago, IL, USA).

Results

In total, 1389 consecutive adult patients
who presented within 24 hours of stroke
onset were enrolled from October 2009 to
September 2011. Of these patients, 393
(28.3%) were diagnosed with diabetes

Li and Li 3033



Table 1. Baseline and demographic characteristics of all patients

All

mRS score at 6 months

P value0–2 3–6

Demographics

Age, years 69.2� 11.8 67.5� 11.5 71.9� 11.9 0.008

Sex, male 129 (59.7) 82 (61.2) 47 (57.3) 0.575

Risk factors

Cigarette smoking 61 (28.2) 34 (25.4) 27 (32.9) 0.233

Alcohol consumption 39 (18.1) 20 (14.9) 19 (23.2) 0.127

Diabetes type 0.582

Known type 1 2 (0.9) 1 (0.7) 1 (1.2)

Known type 2 125 (57.9) 76 (56.7) 49 (59.8)

Newly diagnosed type 1 2 (0.9) 1 (0.7) 1 (1.2)

Newly diagnosed type 2 87 (40.3) 56 (41.8) 31 (37.8)

Diabetic retinopathy 111 (51.4) 49 (36.6) 62 (75.6) <0.001

Diabetic nephropathy 73 (33.8) 14 (10.4) 59 (72.0) <0.001

Diabetic neuropathy 62 (28.7) 13 (9.7) 49 (59.8) <0.001

Hypertension 181 (83.8) 114 (85.1) 76 (92.7) 0.029

Hyperlipidemia 103 (47.7) 64 (47.8) 39 (47.6) 0.977

Hyperuricemia 27 (12.5) 15 (11.2) 12 (14.6) 0.460

Peripheral artery disease 23 (10.6) 5 (3.7) 18 (22.0) <0.001

Coronary artery disease 29 (13.4) 14 (10.4) 15 (18.3) 0.102

Atrial fibrillation 29 (13.4) 16 (11.9) 13 (15.9) 0.415

Valvular heart disease 10 (4.8) 5 (3.7) 5 (6.1) 0.424

Congestive heart failure 16 (7.4) 3 (2.2) 13 (15.9) <0.001

Prior AMI 7 (3.2) 2 (1.5) 5 (6.1) 0.064

Prior TIA 13 (6.0) 7 (5.2) 6 (7.3) 0.532

Previous treatment

Antidiabetic 95 (44.0) 60 (44.8) 35 (42.7) 0.909

Anticoagulant 9 (4.0) 7 (5.2) 2 (2.4) 0.322

Antiplatelet 41 (19.0) 25 (18.7) 16 (19.5) 0.884

Antihypertensive 105 (48.6) 63 (47.0) 42 (51.2) 0.866

Statin 37 (17.1) 22 (16.4) 15 (18.3) 0.798

Clinical examination at admission

Body temperature, �C 36.5� 0.4 36.5� 0.4 36.6� 0.4 0.135

Systolic BP, mmHg 151.7� 25.9 150.2� 25.0 154.0� 27.2 0.296

Diastolic BP, mmHg 88.0� 12.8 87.7� 12.1 88.1� 14.0 0.607

NIHSS score 6.4� 5.5 3.3� 2.3 11.0� 6.1 <0.001

GCS score 14.7� 1.5 14.9� 0.3 14.1� 2.3 <0.001

TOAST <0.001

LAA 99 (45.8) 45 (33.6) 54 (65.9)

CE 28 (13) 14 (10.4) 14 (17.1)

SVO 87 (40.3) 73 (54.5) 14 (17.1)

OU 2 (0.9) 2 (1.5) 0 (0.0)

Data are presented as mean� standard deviation or n (%) unless otherwise stated.

mRS, modified Rankin scale; AMI, acute myocardial infarction; TIA, transient ischemic attack; BP, blood pressure; NIHSS,

National Institutes of Health stroke scale; GCS, Glasgow Coma Scale; TOAST, the Trial of Org 10172 in Acute Stroke

Treatment; LAA, large artery atherosclerosis; CE, cardioembolism; SVO, small vessel occlusion; OU, other determined

etiology or undetermined etiology.
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mellitus. For economic reasons, 102
patients with diabetes refused to undergo
cranial MRI or examinations for diabetic
complications. Because of changes in the
patients’ telephone numbers or family
addresses, 75 patients were unable to be fol-
lowed up. The final study population com-
prised 216 patients (mean age, 69.2� 11.8

years; 59.7% men) who were followed up
for 6 months. The mean NIHSS score on
admission was 6.4 (interquartile range,
1–28). In total, 89 patients were newly diag-
nosed during hospitalization, and 127 had
known pre-existing diabetes. They were
treated with intravenous thrombolysis (n¼ 3,
1.4%), anticoagulants (n¼ 26, 12.0%), and

Table 2. Laboratory measurements at admission and imaging findings

All

mRS at 6 months

P value0–2 3–6

Laboratory measurements at admission

Admission plasma glucose, mmol/l 11.4� 8.0 9.9� 4.4 13.9� 11.3 <0.001

HbA1c, % 8.2� 2.1 8.0� 2.1 8.4� 2.0 0.147

BUN, mmol/l 8.71� 4.88 8.04� 4.20 9.21� 5.71 0.083

sCr, mg/dl 1.03� 0.63 1.00� 0.69 1.06� 0.67 0.097

eGFR, ml/min/1.73 m2 72.9� 23.3 74.6� 21.2 71.2� 28.8 0.078

Proteinuria 8 (6.0) 16 (11.9) 58 (70.7) <0.001

Urine ketones 32 (14.8) 8 (6.0) 24 (29.3) <0.001

Imaging findings

IMT, mm 1.0� 0.3 0.9� 0.2 1.3� 0.3 <0.001

Modified Fazekas scale score <0.001

Grade 0 25 (11.6) 25 (18.7) 0 (0.0)

Grade 1 74 (34.3) 73 (54.5) 1 (1.2)

Grade 2 48 (22.2) 34 (25.4) 14 (17.1)

Grade 3 69 (31.9) 2 (1.5) 67 (81.7)

Intracerebral HT 21 4 17 <0.001

Data are presented as mean� standard deviation or n (%) unless otherwise stated.

mRS, modified Rankin scale; HbA1c, glycated hemoglobin; BUN, blood urea nitrogen; sCr, serum creatinine; eGFR,

estimated glomerular filtration rate; IMT, internal carotid artery intima–media thickness; HT, hemorrhagic transformation.

Table 3. Post-stroke complications of all patients

Post-stroke complications All

mRS at 6 months

P value0–2 3–6

Swallowing dysfunction 51 (23.6) 6 (4.5) 45 (54.9) <0.001

Pneumonia 10 (4.6) 4 (3.0) 25 (30.5) <0.001

Urinary tract infection 13 (6.0) 2 (1.5) 11 (13.4) <0.001

Gastrointestinal bleeding 10 (4.6) 4 (3.0) 6 (7.3) 0.143

Seizure 23 (10.7) 5 (3.7) 18 (22.0) <0.001

Data are presented as n (%).

mRS, modified Rankin scale.
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antiplatelets (n¼ 187, 83.0%). A total of 134

patients had a good outcome (mRS score

of �2) and 82 had a poor outcome (mRS

score of �3).
The baseline characteristics and demo-

graphic characteristics of all patients

are shown in Table 1. In the bivariate anal-

ysis, a poor 6-month outcome was signifi-

cantly associated with older age (P¼ 0.008),

a higher prevalence of hypertension

(P¼ 0.029), peripheral artery disease

(P< 0.001), congestive heart failure

(P< 0.001), diabetic microvascular compli-

cations (P< 0.001), and higher admission

NIHSS and Glasgow Coma Scale scores

(P< 0.001). Furthermore, large artery ath-

erosclerosis was more common in patients

with an unfavorable outcome (P< 0.001).

Table 2 shows the laboratory measurements

at admission and imaging findings. Patients

with higher plasma glucose levels at

admission had more severe functional defi-

cits 6 months after stroke (P< 0.001).

Proteinuria and urine ketones were more

frequent in patients with a poor outcome

(P< 0.001). The HbA1c level, eGFR, and

other laboratory measurements were not

statistically significant. Compared with the

patients with good outcomes, a higher IMT

(P< 0.001), more severe LA (P< 0.001),

and more frequent presence of HT

(P< 0.001) were observed in the patients

with poor outcomes.
Table 3 shows the post-stroke complica-

tions. Post-stroke swallowing dysfunction

(P< 0.001), infection (P< 0.001), and seizure

(P< 0.001) were more frequent in patients

with poor outcomes.
After adjusting for potential confound-

ers, age [odds ratio (OR), 1.06; 95% confi-

dence interval (CI), 1.03–1.10; P¼ 0.001 per

1-year increase], prevalence of hypertension

(OR, 1.36; 95% CI, 0.88–2.10), diabetic

nephropathy (OR, 3.56; 95% CI, 1.45–

8.76; P¼ 0.006), diabetic neuropathy (OR,

3.33; 95% CI, 1.08–10.25; P¼ 0.036), and

increased IMT (OR, 7.16; 95% CI, 3.03–

16.93; P< 0.001 per 1-mm increase) pre-

dicted severe LA (Table 4). Initially,

a multiple logistic regression analysis of

unfavorable clinical outcomes revealed the

following independent predictors: the mod-

ified Fazekas scale score (OR, 7.38; 95%

CI, 1.40–38.86; P¼ 0.018 per 1-point

increase), diabetic nephropathy (OR,

10.66; 95% CI, 1.10–103.43; P¼ 0.041),

and NIHSS score on admission (OR, 2.58;

95% CI, 1.36–4.92; P¼ 0.004 per 1-point

Table 4. Independent variables associated with severe leukoaraiosis

Independent variable OR (95% CI) P value

Age (per 1-year increase) 0.90 (0.80–1.02) 0.001

Hypertension (present) 1.36 (0.88–2.10) 0.014

Congestive heart failure (present) 1.81 (0.71–4.64) 0.216

Peripheral artery disease (present) 1.35 (0.19–9.54) 0.765

Diabetic retinopathy (present) 1.52 (0.63–3.64) 0.351

Diabetic nephropathy (present) 3.56 (1.45–8.76) 0.006

Diabetic neuropathy (present) 3.33 (1.08–10.25) 0.036

Increased IMT (present) 7.16 (3.03–16.93) <0.001

HbA1c (per 1% increase) 1.09 (0.90–1.33) 0.392

All variables shown were included in the models.

OR, odds ratio; CI, confidence interval; IMT, internal carotid artery intima–media thickness; HbA1c,

glycated hemoglobin.

3036 Journal of International Medical Research 46(8)



increase). In this model, hyperglycemia at

admission was not an independent prognos-

tic predictor, and there was no significant

association between the presence of HT

and a poor outcome (Table 5).

Discussion

The present study has shown that LA and

diabetic nephropathy independently worsen

the long-term functional status after acute

ischemic stroke in patients with diabetes.

LA is a feature of small cerebrovascular

pathologies (arteriolosclerosis, cerebral amy-

loid angiopathy, inherited and genetic small

vessel diseases, inflammatory and immuno-

logically mediated small vessel diseases, and

others). In patients with diabetes, cerebral

small vessel diseases and diabetic nephropa-

thy may have a common pathogenesis such

as age (or diabetes duration), hyperglycemia,

hypertension, or hypercholesterolemia.22

Thus, LA may be regarded as a diabetic

microvascular complication involving the

brain. In regions affected by LA, reduced

vascular density and chronically impaired

tissue perfusion result in infarct extension.23

Henninger et al.24 provided new insight by

showing a significant inverse correlation

between LA severity and robustness of lep-

tomeningeal collaterals, indicating a collec-

tive role in the reduction of autoregulatory

mechanisms with subsequently aggravated

tissue damage. Furthermore, another previ-

ous study demonstrated that severe LA was

associated with cognitive impairment, stroke

recurrence, impaired functional recovery,

and increased mortality.25

Increasing numbers of researchers26

believe that LA should be regarded as an

intermediate surrogate of stroke more

than a risk factor. We demonstrated that

Table 5. Independent variables associated with poor outcomes

Independent variable OR (95% CI) P value

Age (per 1-year increase) 0.90 (0.80–1.02) 0.104

Hypertension (present) 3.10 (0.69–13.86) 0.139

Congestive heart failure (present) 4.52 (0.49–41.44) 0.182

Peripheral artery disease (present) 1.80 (0.14–23.39) 0.654

Diabetic retinopathy (present) 0.219 (0.11–4.47) 0.219

Diabetic nephropathy (present) 10.66 (1.10–103.43) 0.041

Diabetic neuropathy (present) 5.43 (0.62–47.67) 0.127

LAA (present) 9.09 (0.76–109.00) 0.082

Admission NIHSS score (per 1-point increase) 2.58 (1.36–4.92) 0.004

Admission GCS score (per 1-point increase) 3.75 (0.58–24.19) 0.164

Admission plasma glucose (per 1-mmol/l increase) 0.99 (0.76–1.32) 0.793

Proteinuria (present) 2.19 (0.95–5.28) 0.145

Urine ketones (present) 5.82 (0.29–115.47) 0.248

Modified Fazekas scale score (per 1-point increase) 7.38 (1.40–38.86) 0.018

HT (present) 0.18 (0.02–2.05) 0.166

Increased IMT (present) 2.12 (0.12–39.09) 0.614

Post-stroke swallowing dysfunction (present) 0.02 (0.00–1.16) 0.058

Post-stroke pneumonia (present) 2.68 (0.01–1185.76) 0.751

Post-stroke urinary tract infection (present) 3.87 (0.03–462.87) 0.579

Post-stroke seizure (present) 0.80 (0.05–12.86) 0.877

All variables shown were included in the models.

OR, odds ratio; CI, confidence interval; LAA, large artery atherosclerosis; NIHSS, National Institutes of Health stroke

scale; GCS, Glasgow Coma Scale; HT, hemorrhagic transformation; IMT, internal carotid artery intima–media thickness.
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diabetic nephropathy and neuropathy were
associated with a >3-fold higher risk for
severe LA. Cooper27 stated that diabetic
nephropathy is clinically characterized as a
triad of renal impairment, proteinuria, and
hypertension. However, in the present mul-
tivariate analysis, proteinuria and renal
impairment were not independent predic-
tors of LA severity or the post-stroke func-
tional outcome when diabetic nephropathy
was accounted for. The evidence instead
suggests that the deleterious effects of pro-
teinuria and renal dysfunction on cerebral
tissue damage may be equivalent to the del-
eterious effects of diabetic microvascular
complications.

Impaired renal function was associated
with unfavorable clinical outcomes after
stroke in the present study. In other studies,
an eGFR of <60 ml/min/1.73m2 was asso-
ciated with severe white matter lesions and
poor survival in patients with acute stroke.
When adjusted for age, sex, risk factors,
stroke severity, and subtype, both a low
and high eGFR was associated with long-
term mortality after ischemic stroke in
young patient cohorts.28,29 A potential
mechanism underlying poor post-stroke
survival with an abnormal eGFR is cerebral
small vessel disease. Patients with a lower
eGFR have been shown to have a lower
deep white matter volume and more white
matter lesions.30 The same association
between mild and moderate to severe
chronic kidney disease (as identified by the
eGFR) and white matter hyperintensity
volume using quantitative measures was
demonstrated in the Northern Manhattan
study.31 Proteinuria is an early manifesta-
tion of chronic kidney disease and is asso-
ciated with cerebral small vessel disease.32 It
is also associated with a higher risk of pro-
gression in patients with lacunar stroke,33 is
associated with severe neurological deficits
after stroke, and predicts stroke recurrence
and long-term post-stroke mortality.34–36

Some observational studies have

demonstrated that microalbuminuria dam-
ages endothelial function by increasing
serum levels of thrombomodulin32 and
decreasing circulating vascular endothelial
growth factor.37 Large artery stiffening
may be another link between albuminuria
and cerebral lacunar infarction.38 From an
evolutionary point of view, the “strain
vessel hypothesis” states that cerebral hem-
orrhage and infarction occur most fre-
quently in the area of small perforating
arteries that are exposed to high pressure
and that must maintain strong vascular
tone to provide large pressure gradients
from the parent vessels to the capillaries.
The glomerular afferent arterioles of the
juxtamedullary nephrons are analogous to
the perforating arteries. Hypertensive vas-
cular damage occurs first and more severely
in the juxtamedullary glomeruli. Therefore,
albuminuria may be an early sign of vascu-
lar damage to “strain vessels” such as per-
forating arteries and juxtamedullary
afferent arterioles. Albuminuria would indi-
cate an impairment of renal medullary cir-
culation downstream from the
juxtamedullary glomeruli and therefore
impaired pressure natriuresis, which would
lead to salt sensitivity of blood pressure.39

A previous study showed that diastolic and
systolic blood pressure levels were signifi-
cantly associated with subcortical and peri-
ventricular white matter lesions40; in the
present study, however, hypertension was
not an independent risk factor for LA in
patients with diabetes. The hemodynamic
explanation for the brain damage caused
by chronic nephropathy offered by the
“strain vessel hypothesis” has come under
question in patients with diabetes.

The major strengths of this study are the
large sample of hospitalized patients with a
confirmed diagnosis of diabetes and its
microvascular complications. A systematic
overview3 indicated that hyperglycemia
(including stress-induced hyperglycemia
and diabetes mellitus) developed in 30%

3038 Journal of International Medical Research 46(8)



to 40% of people with acute ischemic
stroke. Unlike stress-induced hyperglyce-
mia, diabetes mellitus is a metabolic disease
characterized by hyperglycemia resulting
from defects in insulin secretion, insulin resis-
tance, or both. The metabolic abnormalities
in patients with diabetes are associated with
chronic microvascular complications.
Therefore, it is very important to distinguish
among known diabetes, newly diagnosed
diabetes, and stress-induced hyperglycemia.
In addition to the well-documented early
phase of post-stroke hyperglycemia, contin-
uous glucose monitoring system profiling has
demonstrated a late hyperglycemic phase
that exists in patients with stroke both with
and without diabetes.41 Post-stroke stress-
induced hyperglycemia is easily mistaken
for diabetes in clinical practice despite the
fact that the plasma glucose level is continu-
ously monitored. An HbA1c level of �6.5%
at admission indicates pre-existing diabe-
tes.3,15 This criterion was used to reject
stress-induced hyperglycemia in the present
study. Furthermore, although assessment of
urine albumin excretion is an important way
to diagnose diabetic nephropathy,14 some
patients with either type 1 or type 2 diabetes
have a decreased GFR in the presence of
normal urinary albumin excretion.18 The
GFR is another important parameter of
overall kidney function. Diagnosis of diabet-
ic nephropathy using two parameters (eGFR
and proteinuria) improved the detection rate
of renal microvascular damage in this study.

Our study has some limitations. First, for
multiple reasons, some patients with diabetes
who developed ischemic stroke were regis-
tered in this study but subsequently excluded.
The findings of this study require verification
in a multicenter study with a much larger
sample size. Second, the relationship
between albuminuria and cerebrovascular
damage is considered to be dose-dependent.
Microalbuminuria and macroalbuminuria
are different risk factors for cerebrovascular
disease. A systematic review and meta-

analysis42 identified 7 studies comprising

46,638 participants with 1,479 stroke events.

The incident stroke risk was significantly

greater for macroalbuminuria than microal-

buminuria. Because the levels of albuminuria

were measured semiquantitatively in the pre-

sent study, microalbuminuria and macroal-

buminuria could not be accurately

distinguished. Although proteinuria was

more frequent in patients with poor out-

comes, no association was found between

proteinuria and the 6-month prognosis in

the logistic regression analysis. In our future

work, we plan to evaluate the urinary albu-

min excretion levels after ischemic stroke in

patients with diabetes.
In conclusion, the present study has

shown that microvascular complications

caused by diabetes mellitus predict unfavor-

able clinical outcomes after acute ischemic

stroke. Diabetic nephropathy may affect

the post-stroke prognosis by means of exac-

erbating LA or other conditions.

Acknowledgements

The authors sincerely thank all of the patients

for their participation in the study and all

of the staff members in the Department of

Neurology, 2nd Affiliated Hospital of

Chongqing Medical University for their assis-

tance in every step of this study.

Declaration of conflicting interests

The authors declare that there is no conflict of

interest.

Funding

This work was supported by the Natural Science

Foundation of China (Grant No. 81271306).

References

1. Kamalesh M, Shen J and Eckert GJ. Long

term postischemic stroke mortality in diabe-

tes: a veteran cohort analysis. Stroke 2008;

39: 2727–2731.

Li and Li 3039



2. Putaala J, Liebkind R, Gordin D, et al.

Diabetes mellitus and ischemic stroke in

the young: clinical features and long-term

prognosis. Neurology 2011; 76: 1831–1837.
3. Capes SE, Hunt D, Malmberg K, et al.

Stress hyperglycemia and prognosis of

stroke in nondiabetic and diabetic patients:

a systematic overview. Stroke 2001; 32:

2426–2432.
4. Poppe AY, Majumdar SR, Jeerakathil T, et

al. Admission hyperglycemia predicts a

worse outcome in stroke patients treated

with intravenous thrombolysis. Diabetes

Care 2009; 32: 617–622.
5. Fuentes B, Castillo J, San José B, et al. The
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