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Abstract

Introduction: Impaired glucose tolerance, an intermediate metabolic state between
normal glucose levels and diabetes is associated with an increased stroke risk. The aim
of this study was to determine the prevalence of impaired glucose metabolism in patients
with acute stroke who had normal fasting plasma glucose.

Methods: Eligible subjects were non diabetic patients with ischemic stroke, from April
2005 to April 2006, who were evaluated eight weeks after their stroke event for FBS,
GTT, HbALC and serum insulin level (HOMA); the correlation of these tests with the
number of stroke risk factors among the patients was assessed.

Results: Among 58 patients, 18 of them did not complete the study. In GTT evaluation
in 40 patients, 26 of them (65%) had normal test values while 10 patients (25%) showed
impaired tolerance and 4 (10%) were diabetic.

Overall, 35% of them had impaired glucose metabolism. In HbA1C analysis only 15%
had abnormal test results. The mean of HOMA in our patients was 1.7 (1.64 to 2.16 in
the normal group compared with the impaired one, respectively). In the FBS study,
previously undiagnosed DM patients, impaired glucose tolerance patients and non
diabetic ones account for 10, 25, and 65% of all cases respectively.

Discussion: Impaired glucose metabolism is one of the important risk factors for stroke
and if only fasting plasma glucose is used for screening patients, at least 10% of patients
prone to the side effects of hyperglycemia, will be missed.

Conclusion: This study shows that in patients with no history of diabetes who have an
ischemic stroke, even moderately elevated glucose levels are associated with both a
higher risk of short-term mortality and an increased risk of poor functional recovery
compared with lower glucose levels.
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Introduction

Stroke is considered as one of the most
common causes of death and morbidity
throughout the world. The presence of
diabetes increases the risk of stroke and
it is now estimated that there are more
than 700,000 incident strokes annually
and 4.4 million stroke survivors."?
Diabetes mellitus doubles the risk of
ischemic stroke® and worsens survival
of patients with acute stroke.*”
Moreover, recent evidence that glucose
lowering with insulin reduces ischemic
brain damage in animal models of
stroke.® However, the onset of diabetes
may occur several years before the
clinical diagnosis and its development is
preceded by a prolonged period. of
insulin resistance with unfortunate side
effects. In addition, insulin resistance has
been shown to be .dndependently
associated with increased . risk of
cerebrovascular events in non-diabetic
subjects.”® There is also a positive link
between mild plasma glucose elevation
(even below the threshold for diabetes)
and cardiovascular.events® the risk of
myocardial infarction, heart failure and
cardiac death “is already significantly
increased in ‘subjects with modestly
elevated blood glucose. %19
Hyperglycemia during the acute phase of
stroke occurs in about one third of
patients without a prior diagnosis of
diabetes.™* Whether this raised plasma
glucose concentration in non diabetic
patients with acute stroke is a stress

response or reflects the unrecognized
diabetes is controversial.**'® Recent
evidences suggest that insulin resistance
may be one of the treatable risk factors
for ischemic stroke. Epidemiological
researches have shown a link between
insulin resistance and risk of stroke and
biologic research has associated it with
metabolic and  cellular events that
promote hyperinsulinemia,
atherosclerosis, hypertension,
hyperglycemia, abnormal fibrinolysis,
systemic inflammation, dyslipidemia and
altered-vascular endothelial function.*”

Methods

This study was conducted in non-
diabetic patients with acute ischemic
stroke who were admitted to our hospital
since April 2005 to April2006. Patients
with  previous diagnosis of DM,
hemorrhagic stroke and that received
steroids were excluded. The research
protocol was approved by the local
ethics committee. Acute stroke was
defined according to WHO criteria:
“rapidly developing clinical symptoms
or signs of focal disturbance of cerebral
function, lasting more than 24h with no
apparent cause other than vascular
origin”.®® The diagnosis of ischemic
stroke and its subtypes was established
by neurological examinations and
confirmed by CT scan (TOAST
criteria)."”We measured fasting plasma
glucose concentration, serum insulin and
HbAL1C two months after stroke events.



248/ Impaired glucose metabolism in nondiabetic patients with acute strok

Because insulin  sensitivity maybe
perturbed by the physical stress of
illness, patients could not enter the study
before 2 months had elapsed since their
stroke event.?”? A standardized oral
glucose tolerance test with 75g of
glucose dissolved in 200ml of water was
performed after eight weeks. Plasma
glucose was measured by the glucose
oxidase method. The HbALC was
assessed by HPLC (high performance
liquid chromatography) method with its
normal upper limit set at 6; and insulin
level was measured by
ImmunoRadioMetricAssay (IRMA).
The degree of insulin resistance in

addition to criteria of GTT and FBS was
estimated by the homeostasis model
insulin  resistance index (HOMA):
Fasting Glucose (mmol/l) *Fasting
insulin (mu/l)/22.5. A higher HOMA
level indicates higher insulin resistance.
Impaired glucose tolerance and diabetes
were defined according to the American
Diabetes Association (ADA) criteria
2004.?Y Hypertension was considered as

blood pressure >140/90,
hypertriglyceridemia as TG>250 and
hypercholesterolemia as

cholesterol>200. *(see table -1) for
statistical analysis we used SPSS 14
software.

Table 1. Clinical and biochemical data.of patients who completed the study

Parameter

value%

Age: <40
40-60
>60

10
35
55

Stroke type:
Embolic
Thrombotic

55
45

Family hx of DM

125

Hypertension#

57

Cigarette smoking

20

Hyperlipidemia*

35

Results

Out of 58 non-diabetic patients who
were admitted in our hospital with
ischemic stroke, 40 cases completed the
study. Demographic data of these non-
diabetic patients has been demonstrated

in tablel. The majority of our patients
were male (57.5% to 42.5%). Age
distribution was 10% less than 40 years,
35% between 40-60 years and 55%
above 60 years. Among these patients,
26 (65%) had normal test values (FBS,
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GTT, HbA1C) after 8 weeks. 10 patients
(25%) showed impaired GTT and overt
diabetes was diagnosed in 4 (10%)
patients (table2). Overall, 35% of the
patients without history of diabetes, had
abnormal glucose metabolism 8 weeks

after stroke. 15% of the patients had
abnormal HbAL1C. Family history of
diabetes was positive in 12.5% of the
patients. Mean HOMA was 1.7 in our
patients (1.64 in the normal group and
2.17 in patients with impaired levels).

Table-2.Glucose metabolism data in patients who completed the study

FBS:
Normal
Impaired

%
75
25

GTT:
Normal
Impaired
DM

65
25
10

HbA1C
Normal
Abnormal

85
15

HOMA:

Total

Normal group
Impaired group

1.7
1.64
2.16

In GTT levels measured among 40
patients, 26 patients (65%) had normal
results while 10 patients (25%) showed
impaired tolerance test and 4 patients
(10%) were diabetic. Overall, 35% of
them had impaired glucose metabolism.
In FBS analysis only 25% of patients
had impaired fasting glucose.
Considering ADA 2007 guideline for
diabetes the 25% figure obtained in FBS
study would rise to 40%. In HbALC
analysis only 15% had abnormal results.
The frequencies of risk factors were 57%
for hypertension, 35% for
hyperlipidemia, and 20% for cigarette
smoking. Family history of diabetes was
positive in only 12.5% of patients. The

mean of HOMA in our patients was 1.7
(1.64 in the normal group compared to
2.17 in the group showing impaired
levels).

Discussion

Patients with acute ischemic stroke
without previous diagnosis of diabetes
had a high prevalence of abnormal
glucose metabolism. Totally, 35% of our
patients had  abnormal  glucose
metabolism based on measurements of
GTT and HOMA two months after their
stroke events.

This value was 50% (36 of 72) in a study
that used composite insulin sensitivity
index for evaluation of insulin
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resistance.”” The gold standard for
measuring insulin  sensitivity is a
hyperinsulinemic euglycemic clamp, a
procedure that is technically difficult
and inappropriate for epidemiologic
work. Several convenient alternatives
have Dbeen  proposed, including
measures based on fasting value for
insulin and glucose, or values for
insulin or glucose obtained during an
oral glucose tolerance test. Generally
speaking, measures derived from
OGTT correlate more closely with the
clamp than do those based only on
fasting glucose or insulin. Of the
methods available when we designed
the study, in addition to OGTT, we
selected the HOMA because it
correlates closely with clamp results
(correlation coefficient 0.56 to 0.88).

Conclusion

This impaired glucose metabolism was
recorded when the effects of “acute
stress  should haye subsided,
suggesting that in the majority of
patients it is not as a result of stress
during the acute phase of stroke. The
oral glucose tolerance test we used to
diagnose abnormal glucose metabolism
Is a better predictor of cardiovascular
events and ‘mortality than fasting
plasma glucose. This fact was
confirmed in a study by Vancheri et
al.®? The diagnosis of diabetes would
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have been missed at least in 10% of
patients, if only tests of fasting glucose
had been used. A criticism to our study
in this regard is we presume that with a
larger population, this 10% of
discrepancy will increase. In the
present study, patients with previously
undiagnosed impaired glucose
tolerance and diabetes were more
insulin resistant after 2 months than
patients _~with  normal  glucose
metabolism. This result raises the
possibility . that the link between
abnormal glucose metabolism and
ischemic stroke is insulin resistance. In
our  patients, insulin  resistance
(expressed by HOMA) increased
progressively with the impairment of
glucose metabolism. As we mentioned
before, the proportion of 15% of
abnormal HbA1C indicates that this
test is not an appropriate predictor of
insulin resistance and cardiovascular
events. Thus we proposed that, by use
of insulin sensitizing drugs we can
prevent the recurrence of ischemic
stroke in non diabetic patients who are
insulin resistant which has also been
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Acknowledgement
This research has been supported by
Tehran University of Medical Sciences
and health Services.

1. Broderick J, Brott T, Kothari R, et al. The Greater Cincinnati/Northern Kentucky Stroke Study:
preliminary first-ever and total incidence rates of stroke among blacks. Stroke. 1998;29:415-

421.



251/ Iran. J. Neurol. VVol.7; No. 23, Autumn 2008

2. American Heart Association. Stroke Statistics. Dallas, Tex: American Heart Association; 2000.
Available at: http://www.americanheart.org/Heart and Stroke A Z Guide/strokes.html. Accessed
September

3-Goldstein LB & et al. primary prevention of ischemic stroke .A statement of healthcare
professionals from the stroke council of the American heart association. Circulation 2001 ;
103:163-82

4-Bell DSH. stroke in diabetes patients. Diabetes care 1994;17 :213-19 5-Aldam & et al. The
independent effect of type 2 DM on ischemic heart disease ,stroke , and death. Arch Intern med
2004 ;164:1422-6

6. Hamilton MG, Tranmer BI, Auer RN. Insulin reduction of cerebral infarction due to transient
focal ischemia. J Neurosurg. 1995;82:262-268.

7-Kernan WN , Inzucchi SE , Viscoli CM ,Brass LM, Bravata DM,Horwitz Rl.Insulin resistance
and risk for stroke Neurology 2002;59:809-15

8-Sarah E Verneer, Willemijn Sandee, Ale Agra ,Peter J. Koddstaal.Jaap Kapppelle, W.J.
Dippel.Impaired Glucose Tolerance Increases Stroke Risk in‘Nondiabetic patients with TIA or
Minor Ischemic attack. Stroke .2006;37:1413-17

9-Coutinho M, Gerstein HC, -Wang T ,Yusuf S .The relationship between glucose and incident
cardiovascular events. Diabetes care 1999;22:233-40

10- Gillum RF, Sempos CT. The end of the long-term decline in stroke mortality in the United
States? Stroke. 1997;28:1527-1529.

11-Suskin N, McKelvie RS, Burns RJ et al. Glucose and insulin abnormalities relate to functional
capacity in patients with congestive heart failure. Eur Heart J 2000; 21: 1368-75.

12- The DECODE Study Group, on behalf of the European Diabetes Epidemiology Group. Is the
current definition for diabetes relevant.to mortality risk from all causes and cardiovascular and
non cardiovascular diseases? Diabetes Care 2003; 26: 688-96.

13-Bravata DM, Kim N , Concato J, Brass LM.Hyperglycemia in patients with acute stroke :how
often do we screen for un diagnosed diabetes ? Q J Med 2003;96:491-7

14-Lindsberg PJ ,Roine RO . Hyperglycemia in acute stroke. Stroke 2004;35:363-4

15-O’Nill PA ,Davies | , Fulletron KJ, Bennett D.Stress hormone &blood response following stroke
in the elderly. Stroke 1991;22:824-7

16-Kooten van F, Hooger-brugge N, Naarding P, Koudstaal PJ. Hyperglycemia in the acute phase
of stroke is not caused by stress. Stroke 1993;24:1129-32

17- Sewdarsen M, Jialal I, Vythilingum S, Govender G, Rajput MC. Stress hyperglycaemia is a
predictor of abnormal glucose tolerance in Indian patients with acute myocardial infarction.
Diabetes'Res.:1987;6:47— 49.

18-David A Greenberg.Micheal J Aminoff, Rogger P. Simon. Clinical neurology;2002:p282

19- Fure B,Wyller TB, Thommessen B. TOAST criteria applied in acute ischemic stroke ,Acta
Neural Scand 2005:112:254-258

20-Kernan WN , Inzucchi SE , Viscoli CM ,Brass LM, Bravata DM, Shulman G.l. Mc
Veety,Horwitz Rl.Insulin Impaired insulin sensitivity among on diabetic patients with a recent
TIA or ischemic stroke. Neurology;60(9) 2003:1447-51

21-Expert committee on diagnosis and classification of DM .Diabetes care 2003;26(suppl.1):S5-20

22-F.Vancheri, M.curcio,A. Burgio,S.Salvaggio, G. Gruttadauria,M. C.Lunetta, R.dovovico and
M.Alletto. Impaired glucose metabolism in patients with acute stroke and no previous diagnosis
of diabetes mellitus. Q J Med 2005;98:871-878

23- Kernan WN , Inzucchi SE , Viscoli CM ,Brass LM, Bravata DM, Shulman G.l. Mc
Veety,Horwitz R.1.Pioglitazone improves insulin sensitivity among non diabetic patients with a
recent TIA or ischemic stroke ;2003:34:1431-1436



i ol Lfw Mo b0 il oyl 40 4L pundgrlio OS]

B opoll s sdaive Sgare o b LS, dorwo o Llolitun] S, de (lo)ieo Ao daeo o oMl g
FOI1-TFF cIPAY b Vo low ipiid Sl 4yl sl jio poke aolibas

ouS

SeoSas! g0 sl S an Ml jo 08 BB g ouds aslis gl ez Jolse 5l cobs 180 g ddewo)
ally grob e Sl e cond Lol alils Jlo i sliil 95 wud cnl ([Sow dxal> 01,8l 51 245wl
D310 (8 (S Sl S 4 Mo 2oL e 50 56l oot el qu) 4 dnlllae (ol sl
28,5158 o

) 35905 Jom S ;0 15,50 08 oaileudls jlow o 5l abos )15 anllas 5ls 00900 anxl o iolej]
(Y B)xssls olas

Sy > sl s Joolge 1 (o5 9y Joys (gns b 35 Ly (i 5515 i 5] naidly
305 oo dog Sobo e llen jo Cand pl plol cplplus el 1 fre e

S| aiSw ¢ ogiabe o s HOMA sl 35915 pund galio s 1 g0adS” 5519




