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AbstrAct
background
Post-stroke hyperglycemia has been associated with poor physical recovery, in particular 
in patients with cortical stroke. We tested whether hyperglycemia is also associated with 
cognitive impairment in patients with ischemic stroke.
methods
We recruited patients from a prospective consecutive cohort with a first-ever supratentorial 
infarct. Neuropsychological examination included abstract reasoning, verbal memory, 
visual memory, visual perception and construction, language, and executive functioning. 
Neurological deficit was assessed with the National Institutes of Health Stroke Scale (NIHSS) 
and functional outcome with the modified Barthel Index. Hyperglycemia was defined as 
serum glucose > 7.0 mmol/L. Statistical analyses addressed the relation of hyperglycemia to 
cognitive and functional outcome at baseline and after 6 to 10 months, and to neurological 
deficit and infarct size at baseline. Analyses were performed in the whole population, and 
also separately for patients with cortical or subcortical infarcts.
results
Of 113 patients, 43 had hyperglycemia (38%) and 55 had cortical infarcts (49%). Follow-
up was obtained from 76 (68%) patients. In the acute phase of stroke, in patients with 
cortical infarcts hyperglycemia was associated with impaired executive function (B = -0.65; 
95% confidence limits (CL): -1.3 - 0.00; p<0.05), larger lesion size (p<0.01), and a more 
severe neurological deficit (p<0.01). These associations were not observed in patients with 
subcortical infarcts and the association between hyperglycemia and cognitive functioning 
at follow-up was not significant in either infarct type.
conclusions
In first-ever ischemic stroke, hyperglycemia was not associated with impaired cognition 
after 6 to 10 months. In the acute phase of stroke hyperglycemia was associated with 
impaired executive function, but only in patients with cortical infarcts.
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iNtroDUctioN
Cognitive deficits can be the single or dominant presenting feature of stroke.146;147 Persistent 
cognitive dysfunction after stroke is associated with a reduced sense of well being and may 
lead to emotional distress, also among caregivers.148;149 Moreover, cognitive impairment 
is associated with considerable costs for health care.150 A recent study showed that 50% of 
patients with a first-ever stroke had cognitive impairments in the early phase.151 In the long run, 
6 to 31% of patients with stroke develop dementia.152-154 Predictors for post-stroke dementia 
include vascular risk factors (e.g. hypertension,155 atrial fibrillation,152 diabetes mellitus 
(DM)),156;157 stroke characteristics (e.g. severe neurological deficit, hemispheric location, and 
large infarct volume),156 and host characteristics (e.g. older age and level of education).154;157 
These same factors have been associated with poor functional outcome after stroke.158

Compared to post-stroke dementia and poor functional outcome, little is known about 
predictors of persistent cognitive impairment not resulting in full dementia after stroke.159 
Hyperglycemia has been associated with increased mortality and poor functional outcome 
after stroke and as such might also be a predictor of cognitive outcome.10-13 The association 
between hyperglycemia and poor outcome appears to be more pronounced in patients with 
cortical infarction than after ischemic subcortical or hemorrhagic stroke.60;62

The aim of the present study was to examine the association between hyperglycemia and 
cognition in the acute phase and at 6 to 10 months follow-up in patients with a first-ever 
cortical or subcortical infarction. 

methoDs
stUDy	DesiGN	
Cardiovascular risk factors, blood glucose levels, and neurological deficit were assessed on 
admission. A neuropsychological assessment and the Barthel Index, a rating scale regarding daily 
activities, were administered within three weeks after stroke. Follow-up neuropsychological 
assessments were performed after six to ten months. 

sUbjects,	PAtieNts	
Patients were selected from a previously reported consecutive series of 168 patients with a 
first-ever stroke who all underwent a neuropsychological examination.159 These 168 patients 
met the following inclusion criteria: age <86 years, able and willing to participate in the 
cognitive assessment in the first 21 days post-stroke, no pre-existent conditions that might 
influence cognitive or functional outcome (i.e., history of drug abuse, pre-existent dependence 
in activities of daily living), or pre-existent cognitive decline (as defined by a score of 3.6 or 
higher on the short Informant Questionnaire on Cognitive Decline in the Elderly–IQCODE Dutch 
version).151;160 The diagnosis of stroke was based on the presence of both an acute focal deficit 
and an associated lesion on CT or MRI. Patients with a normal scan on admission underwent a 
second scan within the first week post-stroke. For the present study we did not include patients 
with a hemorrhagic stroke (n=17). We also excluded patients with an infratentorial ischemic 
stroke (n=23), because cognition was our principal outcome measure. Other exclusion criteria 
were lacking data on admission glucose level (n=1), or on lesion location (n=14), leaving a total 
study population of 113. Patients with recurrent stroke or who developed co-morbidity that 



CHAPTER 3

3

38

brAiN	imAGiNG	
An experienced stroke neurologist (H.B.v.d.W.) blinded to clinical and biological outcome variables 
evaluated the patients’ stroke subtype from CT or MRI. If both were available, MRI images (T2 
or Fluid attenuated inversion recovery sequences) were used. Infarcts with cortical involvement 
were assigned to the cortical group; patients with no cortical involvement were assigned to the 

Figure	1	|	Flowchart	of	patient	inclusion	and	follow-up.

Total consecutive cohort 
(N=168)

Study population at baseline 
(N=113)

Follow-up 
examination 
done 
(N=76)

Follow-up 
examination 
not done 
(N=37)

Exclusion procedure (N=55)
-no admission glucose
-hemorrhagic stroke (N= 17)
-infra-tentorial infarction (N=23)
-stroke location not recorded (N=14)

-died (N=9)
-recurrent stroke (N=8)
-moved abroad (N=1)
-refusal (N=9)
-co-morbidity (N=10)

might affect outcome between the baseline and the follow-up examination were excluded from 
follow-up examination. Follow-up cognitive assessments were obtained from 76 patients. From 
those patients that did not attend follow-up, 9 died, 8 had a recurrent stroke, 10 had developed 
other significant co-morbidity, 9 refused and 1 moved abroad (Figure 1).
Age (years), sex and level of education (scored with 7 categories ranging from 1 = did not 
finish primary school to 7 = university degree)159 were recorded. Vascular risk factors and 
manifestations of arterial disease that were recorded on the basis of the medical history and 
medication use and comprised hypertension, DM, smoking during the last 5 years, myocardial 
infarction, peripheral arterial disease, and transient ischemic attacks (TIA). Admission blood 
pressure or glucose values were not used for this classification because they can be the 
consequence of an initial stress response. Hyperglycemia was defined as admission blood 
glucose level > 7.0 mmol/L. This cut-off was selected based on a comprehensive meta-analysis 
on hyperglycemia and outcome after ischemic stroke.11;161 Treatment of hyperglycemia was left 
to the discretion of the treating physician. 
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subcortical group. Lesion volume was calculated using Leica Q500 MCP image analysis software 
by manual tracing of the lesion on each slice showing the infarct, followed by multiplying lesion 
area by slice thickness in all slices showing the lesion. This method has been shown to have a high 
intra- and inter-rater reliability and is described in detail elsewhere.162 Lesion volumes could not 
be assessed in two patients and were reported as missing for the outcome variables related to 
lesion size. The presence of pre-existent silent infarcts was also rated. 

NeUroloGicAl	AssessmeNt
On admission, neurological deficit was assessed by means of the National Institutes of Health 
Stroke Scale (NIHSS) 163 and categorized as severe if NIHSS > 7.164 Functional outcome was 
assessed both at baseline and follow-up with the modified Barthel Index (mBI) 165 which entails 
activities such as personal hygiene and dressing.166 A mBI < 19 was classified as “functional 
dependence”.159;166

AssessmeNt	oF	DePressive	symPtoms	
The presence and severity of depressive symptoms at baseline was measured with the 
Montgomery Åsberg Depression Rating Scale (MADRS). The MADRS is an observer rated scale 
ranging from 0 (no depressive symptoms) to 60 (severe depressive symptoms), which is not 
heavily relying on somatic symptoms.167

coGNitive	AssessmeNt
Cognition was assessed within three weeks post-stroke (mean 8.3 ± 4.5 days). An extended 
evaluation took place after a minimum of six and a maximum of ten months post-stroke. Both 
the baseline and follow-up examination covered six major cognitive domains consisting of 
verbal and nonverbal neuropsychological tasks (tasks added to the follow-up examination are 
printed in italics).168 Abstract reasoning was assessed with the Raven Advanced Progressive 
Matrices (short form) and Similarities (Wechsler Adult Intelligence Scale: WAIS-III). Verbal 
memory was measured by means of the Rey Auditory Verbal Learning Test, the Digit span 
(WAIS-III), and the Wechsler Memory Scale–story recall A. Executive functioning was assessed 
with the Brixton Spatial Anticipation Test, the Visual Elevator (Test of Everyday Attention),169 
letter fluency, the Stroop Color Word test, Semantic Fluency, and the Zoo test (BADS). Visual 
perception and construction was assessed with the Judgment of Line Orientation (short form), 
the Test of Facial Recognition (short form), the Rey-Osterrieth Complex Figure–copy, and the 
WAIS-III block patterns. Visual memory was measured with the Corsi Block span, the Rey-
Osterrieth Complex Figure–delay, the Wechsler Memory Scale–Visual Reproduction, and the 

Location Learning Task.170 Language was assessed with the Token Test (short form), the Boston 
Naming Test (short form), and the Chapman Reading Task. 

The neuropsychological examination in the early phase of stroke was considered feasible if 
patients, despite focal neurological deficits such as paresis, dysphasia or neglect, were able 
to perform at least ten of the fifteen tasks, which allowed evaluation of the majority of the 
cognitive domains. Patients who met this criterion but who were unable to perform one or 
more tasks were given the worst achievable score on the tasks they could not perform. If a task 
could not be assessed due to logistic reasons not due to the patient, the variable was classified 
as missing. The neuropsychologists (G.M.S.N. and M.J.E.v.Z.) were blinded to clinical, imaging 
and glucose assessments.
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Reference data were obtained from healthy subjects living in the community, who were 
spouses or family of patients, or volunteers who came to our attention through advertising 
in newspapers or by word of mouth. First, a checklist was administered by phone to exclude 
subjects with a neurological or psychiatric history, or with cognitive decline in the past ten 
years. This procedure resulted in a reference population of 77 healthy subjects. These subjects 
were similar to the stroke patients with respect to age, sex, and education. Summary scores for 
the six cognitive domains were constructed by converting the raw scores from the individual 
tests to standardized scores (z-scores) based on the means and standard deviations of the 
reference group on the first and follow-up examinations. The use of this reference group at 
both time points also served to minimize potential practice effects in the patient groups. 
Subsequently, the z-scores of tasks belonging to the same cognitive domain were averaged.168 
For all domains lower z-scores indicate worse performance. 

oUtcome	meAsUres	AND	stAtisticAl	ANAlyses	
Our primary outcome measure was domain-specific cognitive function at follow-up (six 
domains). To produce an overall score for cognition, the domain scores were averaged to a 
composite cognitive z-score (cognitive sum score). The relation between hyperglycemia and 
cognition was analyzed in the acute phase and at follow-up. These relations were assessed 
across the whole population and in separate analyses in cortical or subcortical stroke. In 
addition, we tested the association of hyperglycemia with lesion volume, neurological deficit, 
and functional outcome in the acute phase and at follow-up. All analyses were performed with 
the SPSS statistical package (version 12.0.2). For the baseline data the associations between 
hyperglycemia and outcomes were analyzed with regression analyses adjusting for age, sex, 
and education. The effects of time and group on the cognitive sum score in the follow-up 
study were analyzed with analyses of variance for repeated measurements, with age, sex, 
and education as covariates. When significant effects were found on the cognitive sum score, 
post-hoc analyses were performed for each cognitive domain. Odds ratios (OR) and estimated 
between group differences (B) are presented with 95% confidence limits (95% CL) in brackets.
In secondary analyses, the association between hyperglycemia and stroke outcome was 
assessed with the exclusion of patients with a known history of DM.

resUlts
cliNicAl	chArActeristics
Table one shows the clinical characteristics for the studied populations at baseline and at follow-
up. Forty-three (38%) patients had hyperglycemia. At baseline, patients with hyperglycemia more 
often had DM (30%) as compared to patients with normoglycemia (NG) (4%), but otherwise 
there were no significant differences between the groups in clinical characteristics such as 
cardiovascular risk factors, or clinically manifest arterial disease (table 1). MADRS depression 
scores did not differ between the groups. Fifty-five patients (49%) had a cortical infarct. 
For the comparison of patients with cortical versus subcortical infarcts, no differences were 
found in clinical characteristics or admission glucose (data not shown). Patients with cortical 
infarcts had more severe neurological deficits (OR for NIHSS > 7: 3.2 (1.4 to 7.3), p< 0.01) 
and were more frequently functionally dependent (OR for mBI<19: 2.9 (1.2 to 6.8) p<0.05). 
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A total of 37 patients were not re-examined at follow-up (33% of the population) (Figure 1). 
Compared to patients that could be examined at follow-up, patients not re-examined were 
older (67.2 ± 13.8 vs. 59.8 ± 14.4, p<0.05). Other clinical characteristics such as the presence 
of cardiovascular risk factors or clinically manifest arterial disease, and the MADRS score were 
not different form the patients that were re-examined (all p>0.10). However, patients not re-
examined tended to be more functionally dependent (OR for mBI <19: 2.42 (0.95 to 6.14), 
p=0.063), and had lower cognitive z-scores at baseline, albeit not significant (adjusted mean 
difference of sum score for patients with and without follow-up: -0.79 (-2.5 to 0.87), p=0.35).

table	1	|	clinical	characteristics	for	the	baseline	and	for	the	follow-up	population.

variable

baseline	(N=113) Follow-up	(N=76)
No	
follow-up

NG hG NG hG

(N=70) (N=43) (N=50) (N=26) (N=37)

Age (years, ± sd) 61 ± 16.0 65 ± 11.6 59 ± 15.7 61 ± 11.7 67 ± 13.9

Male (%) 51 51 52 62 57

Education score, median [quartile] 4 [3-5] 4 [4-5] 4 [3–5] 5 [4-6] 4 [4-5]

Baseline MADRS median [quartile]# 9 [3-14] 9 [4-14] 6 [3-14] 8 [5-13] 8 [3-17]

Hypertension (%) 46 56 46 42 60

Smoking (%) 41 40 40 39 43

MAP (mmHG; ± sd) 114 ± 18 122 ± 22 114 ± 19 121 ± 21 119 ± 21

Admission glucose (mmol/L; ± sd) 6.0 ± 0.7* 10.2 ± 5.1 6.0 ± 0.7* 10.3 ± 5.9 7.7 ± 3.2

DM (%) 4 * 30 4* 27 19

Silent infarcts (%) 14 26 12 19 27

Cortical infarct (%) 53 42 58 42 41

TIA (%) 17 19 16 23 16

Myocardial infarction (%) 6 12 6 8 11

Peripheral arterial disease (%) 6 2 6 0 5

MADRS = Montgomery–Åsberg Depression; Rating Scale; MAP = Mean arterial pressure on admission; DM 
= diabetes mellitus; NG = normoglycemia; HG = hyperglycemia; SD = standard deviation; *: p<0.0001 (HG 
patients vs.NG patients); The HG and NG group are separated according to the admission glucose level; #: 
In 14 NG and 5 HG patients at baseline, and 12 NG and 5 HG patients at follow-up baseline MADRS scores 
were not available.

hyPerGlycemiA	AND	coGNitioN	At	bAseliNe	AND	At	FolloW-UP
Across the whole population, cognitive functioning in the acute phase was worse than in the 
reference group for all domains (sum score: -1.2 ± 1.4; mean z-scores per domain -0.8 to -1.6). 
Across the whole population with follow-up, the cognitive sum score had improved compared to 
baseline (F (1,75) = 15.6; p<0.001). At baseline, regression analyses across the whole population 
and in the subpopulation of patients with subcortical infarcts showed no statistically significant 
associations between hyperglycemia and cognitive function on the cognitive sum score or on any 
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Figure	2	|	sum	score	and	domain-specific	cognition	at	baseline	and	follow-up	for	hG	and	NG	patients	in	
cortical	or	subcortical	infarction.

X-axis: baseline (B) and follow-up (FU) neuropsychological examination in cortical (N=40, left side of each 
figure) and subcortical (N=36, right side of each figure) infarcts; Y-axis: adjusted mean cognitive z-scores 
and standard errors; lines: normoglycemic patients; dotted lines: hyperglycemic patients; effect of group: 
(hyperglycemic vs. normoglycemic) not significant.

of the domains (table 2). In patients with cortical infarcts, however, hyperglycemia was associated 
with relatively worse baseline performance across all cognitive domains (cognitive sum score 
B: -0.60 (-1.37 to 0.17)), although only the association with executive function was statistically 
significant (B: -0.65 (-1.30 to 0.00), p<0.05). At follow-up, for the contrast between hyperglycemia 
and NG neither the effect of group (p=0.61) nor the interaction between group and time (p=0.58) 
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was significant. The same results were obtained for analyses involving subgroups with subcortical 
or cortical infarcts (Figure 2). Because we did not find significant effects of hyperglycemia on 
cognition at follow-up we did not perform additional analyses with adjustment for potential 
confounders such as depression or the presence of other cardiovascular risk factors. 

hyPerGlycemiA	AND	NeUroloGicAl	DeFicit,	lesioN	size,	AND	
FUNctioNAl	oUtcome
Lesion size was similar in patients investigated by CT or MRI. Therefore, these imaging 
modalities were considered together in the analyses. At baseline, no significant associations 
between hyperglycemia and neurological deficit, functional dependence, or lesion volume 
were seen across the whole population. In the subpopulation with cortical stroke however, 
hyperglycemia was associated with more severe neurological deficit (OR for NIHSS>7: 5.4 (1.5 
to 19.2)) and larger lesion volume (B: log ml 0.4 (0.1 to 0.7)). 

table	 2	 |	Association	between	hG	and	 cognition	 at	 baseline	 for	 all	 patients	 and	 for	 different	 stroke	
subtypes.

variable

b	(95%	cl)

hyperglycemia

All	patients

(N=113,	hG	=43)

subcortical	infarcts

(N=58,	hG	=25)

cortical	infarcts

(N=55,	hG	=18)

Sum score -1.32 ( -0.64–0.38) 0.19 ( -0.51–0.55) -0.60 ( -1.37–0.17)

Abstract reasoning 0.02 ( -0.40–0.43) 0.15 ( -0.33–0.62) -0.40 ( -1.00–0.21)

Verbal memory -0.33 ( -0.91–0.26) -0.13 ( -0.73–0.48) -0.79 ( -1.77–0.19)

Executive function -0.31 ( -0.78–0.17) -0.24 ( -0.81–0.34) -0.65 ( -1.30–0.00)*

Visual memory -0.16 ( -0.59–0.27) -0.09 ( -0.62–0.45) -0.38 ( -1.06–0.31)

Perception -0.08 ( -0.91–0.75) 0.19 ( -0.77–1.14) -0.74 ( -2.03–0.55)

Language 0.07 ( -0.84–0.97) 0.23 ( -0.50–0.96) -0.66 ( -2.22–0.89)

HG = Hyperglycemia; B = estimated between-group differences for HG vs. NG (95% CL in brackets), adjusted 
for age, sex and education. *p<0.05.

table	 3	 |	 Association	 between	 hyperglycemia	 and	 neurological	 deficit,	 lesion	 size,	 and	 disability	 at	
baseline.

Association

with	hG

All	patients

(N=113;	hG=43)

subcortical#

(N=58;	hG=25)

cortical

(N=55;	hG=18)

NIHSS>7 (OR) 2.2 (0.9–5.0) 1.0 (0.3–3.9) 5.4 (1.5–19.2)*

Baseline mBI <19 (OR) 1.2 (0.5–2.8) 1.0 (0.3–3.1) 2.4 (0.5–10.7)

Follow-up mBI <19 (OR) 1.3 (0.4–4.4) 1.5 (0.1–17.7) 4.5 (0.7–31.1)

Lesion volume (log ml,B) 0.1 (−0.3–0.4) −0.1 (−0.4–0.2) 0.4 (0.1–0.7)#

HG = Hyperglycemia; NG= Normoglycemia; NIHSS = National Institutes of Health Stroke Scale; mBI = mean 
Barthel Index; OR = odds ratio for patients with HG relative to NG (95% CL in brackets). Lesion volumes for 
subcortical and cortical infarcts were analyzed separately. Volumes were log transformed and presented as 
estimated between-group differences (B) for HG vs. NG. Analyses are adjusted for age, sex and education. 
*: p<0.01 HG relative to NG; #: Lesion volumes could not be assessed in two patients.
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Functional dependence at follow-up was not associated with hyperglycemia in the whole 
population (OR mBI<19: 1.3 (0.4 to 4.4)), nor in the subgroup with subcortical infarcts (OR: 1.5 
(0.1 to 17.7)), but tended to be associated with hyperglycemia in the subgroup with cortical 
infarcts (OR: 4.5 (0.7 to 31.1); p=0.12). 

secoNDAry	ANAlyses
Because patients with known DM might follow a different cognitive pattern than those with 
hyperglycemia first detected at the time of stroke we repeated the analyses with the exclusion 
of patients with DM. In this analysis the associations between hyperglycemia and the different 
outcome measures remained essentially the same (data not shown).

DiscUssioN
The present study showed that in the acute phase of stroke, hyperglycemia was associated with 
poor executive function, larger lesion size, and a more severe neurological deficit in patients 
with first-ever cortical but not subcortical infarction. No significant association was found 
between hyperglycemia and cognitive functioning at follow-up. A substantial proportion (33%) 
of patients was not re-examined at follow-up, but it needs to be acknowledged that this was 
mainly due to recurrent stroke, co-morbidity and death, which is inherent to a population of 
stroke patients of this age. Only 9 patients (8%) refused the cognitive assessments at follow-up.
The lack of significant association between hyperglycemia and general functional outcome, as 
assessed with the mBI, is in apparent contrast with previous studies.11 One explanation is that 
our cohort included many patients with comparatively mild stroke (median baseline NIHSS, 5.0 
[IQR 3.0 to 9.0]), with a high rate of complete functional recovery (79%) and limited mortality. 
Moreover, a substantial proportion of our patients had a subcortical stroke. In line with our 
observations, it has previously been suggested that hyperglycemia may not be related to poor 
outcome in subcortical lacunar stroke.60;62 In fact, in our subpopulation of patients with cortical 
infarcts, the OR on poor functional outcome were high in patients with hyperglycemia compared 
to patients with NG (OR: 4.54, (0.66 to 31.1) p=0.12); table 3), albeit not statistically significant. 
Moreover, in the cortical infarct group hyperglycemia was also significantly associated with 
infarct size, in line with previous observations.10;20;22

The association between hyperglycemia and cognitive function after ischemic stroke had not 
been studied previously with a detailed neuropsychological assessment. The present findings 
indicate that cognitive dysfunction is not a major component in the functional limitations that 
occur after stroke in association with hyperglycemia. Still, some methodological issues need 
to be considered. For example, drop out of patients with more severe neurological deficit at 
follow-up may have affected our results. Indeed, cognitive functioning at baseline tended to be 
more impaired in the proportion of patients without follow-up. Moreover, as can be seen from 
a comparison of the baseline values on cognition in figure 2 (only subjects with follow-up) and 
table 3 (all subjects), even the baseline association between hyperglycemia and cognition is less 
evident for the patients with follow-up. Another issue is the timing of glucose measurements. 
For the present study, only admission glucose levels were available. Long-term data on glucose 
metabolism were not collected in a standardized fashion and therefore it is uncertain in which 
proportion of patients abnormalities in glucose metabolism persisted. Although the admission 
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glucose level is known to be a strong predictor of stroke outcome,11 serial glucose assessments 
in the first days after stroke may provide even stronger associations.10;12;13 Nevertheless, at least 
60% of previous studies that demonstrated a relation between stroke outcome and glucose 
level relied on single glucose measurements.11

In conclusion, the present study is the first study to examine the association between 
admission glucose and cognitive outcome both in patients with cortical or subcortical first-
ever symptomatic ischemic stroke. Hyperglycemia was associated with impaired cognition (i.e. 
impaired executive functioning) only in patients with cortical infarcts and only in the early 
phase of stroke. We observed no long-term relation between cognition and admission glucose.




