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Ilyperinsulinemia and Cardiovascular Risk Factors in Stroke Patients
Paulus Wiyono, Poerwono Rahardjo, I Gde Raka Widiana, purnama

Abstrak

Telah dilakukan studi kasus kelola di Unit Rawat Jalan Bagian Neurologi RSIJP DR Sardjito Yogyalarta, indonesia. penelitian
ini berrujuan untuk menentukan adanya hiperinsulinemia pada pendertta srrok tanpa disertai diabetes melitus. Penderita yang
dimasul<kan læ dalam penelitian ini adalah pendein strok yang hidup sedikit-dikitnya 3 bulan setelah serangan. Ketola dipilih dari
pendeita bukan strok di IJnit yang sama dengan penyeimbangan jenis kelamin d,an untur. Selama penelitian iI penderita st)ok e9 L,
12 P, berurnur 58,73 + 10,37 tahun) dan 5l kelola (39 I. 12 P, berumur 58,67 +9,97 nhun) dimasukkan ke dalam penelitian. Tidak
dijumpai perbedaan bermakna pada indeks massa tubuh, merokok dan kadar lipid kecuali kolesterol-HDL antara kasus dan kebla.
Kadar l<olesterol-HDLlebihrendahbermakna(46,69 + 16,05 vs 53,67 +23,26 mg/dt, p <0,05) dan tekanandarah lebihtinggi bennakna
baiksistolik(160,50+24,86vs 131,30+ t1,78mmHg,p<0,05)maupundiastolik(101,30X13,03vs79,90+4,74^^ig,p<0,05)
pada kasus dibanding kelola. tilalaupun tidak dijumpai perbedaan bermalota pada kadar insulin puasa (9,28 + 2,74 vsb,:A XZ,OS
1tU/1l n > 045), namun dijumpai kadar insulin pasca-makan lebih tinggi bermakna (94,89 t 12,15 vs 55,21 + 6,88 ltU/mt, p . O,OSI
pada kasus dibanding kzlola. Walaupun tidak dijumpai perbedaan bermakna dai kadar insulin puasa baik pada subkelompok TGN
(toleransi glukose normal) dan TGT (toleransi glul<osa terganggu), p < 0,05, namun dijumpai patlar insulin jasca makan tebih tinggi
bermakna baik pada subkelompokTGN (98,15 + 14,97 vs 38,76 t6,62 pU/mt, p < 0,05) dan TGT (Sg,B5 a20,98 vs 75,24 + II,B2
[rU/ml, p < 0,05) pada kelompok kasus dibanding kelola. Dijumpai isiko strok lebih tinggi bermatora pada penderita dengan
hiperinsulinemia pasca-makan (odds 2,89 95Vo CI I,14 - 7,40, p < 0,05) dan hiperinsulinemia juasa danlatau pasca-makan (2,22 95Vo
CI 1,03 - 5,32, p < 0,05) dibanding kelola. Disimpulkan bahwa pada pendeita strok walaupun tanpa disertai diabetes melitus, telah
dijumpai hiperinsulinemia pasca-makan. Hipeinsulinemia ini mungkin disebablcan oleh resisreisi insulin dan berlcaitan d.engan
hipertensi dan lalesterol-HDL yang rendah,

Abstract

To determine the presence of hyperinsulinemia in the absence of diabetes mellitus, a case-control study was canied out at the
Out-Patient Clinic, Department of Neurology, Sardjito General Hospital, Yogyakarta, Indonesia. Patients included in the study were
those who sumived from stroke at least 3 months. Controls were selectedlrom non-stroke patients at the same clinic with matching for
sex and age. During the study 5l stroke patients (j9 M, 12 F, age 58.73 + 10.37 years) and 5I controts (39 M, 12 F, age 5g.67 + 9.97
years) were included. There was no significant difference of BMI (body mass index), smoking, and lipids except HDL-cholesterol levels
between patients and controls. A significant reduced HDL- cholesterol concentrations (46.69 + 16.05 vs 53.67 x23.26 mg/dt, p < 0.05)
and significant higher BP (blood pressure) both systolic ( 160.50 + 24.86 vs 131.30 1 I1.78 mmHg, p < 0.05) and diaslolic i tOt.lO x
13.03 vs 79.90 + 4.74 mmHg, p < 0.05) were found in p(ttients qs compared to controls. Although th"'r" *o, no signifrcant difference of

fasting insulin levels (9.28 t2.74 vs 8.38 t2.69 ltIJ/nl, p > 0.05), however, a significant increàse of post prandiàt insutin liiels (94.g9
+ 12.15 vs 55.21 16.88 1tU/ml, p < 0.05) were found in patients as compared to controls. Atthougù th"r" *o, ,o signifrcant d{ference
of fasting insulin level both in NGT (normal glucose tolerance) and IGT (impaired glucose toleiance) subgroups, p , O.OS, iJor"r"r,
there was a significant increase of posrprandial insulin levels both in NGT (98.15 t 14.97 vs 38.76 +6.6i pu)mt,' p < 0.05) and IGT
(89'85 jt20'98 vs 75-24 r 11.82 PU/mt' p < 0'05) subgroups in patients as compared to controls. Thei was significant increase of risk
of stroke in patients with postprandial hyperinsulinemia (odds 2.89 95Vo CI LI4 to 7.40, p < 0.05) and fastin[ and/or posrprindiat
hypeinsulinemia (2'22 95Vo CI L03 to 5.32, p < 0.05) compared to controls. In conclusioi, ahhougih there was no diabetes mellitus in
stroke Patients, postprandial hypeinsulinemia was found. The hyperinsulinemia fttrr.J be due to jniulin resistonce and ossocialed u,ifh
hypertension and reduced H DL-cholesterol concentrations.

Keywords : non-diabetic stroke, hyperinsulinemia, hypertension, reduced HDL-cholesterol

Diabetes is a major risk factor of stroke.l Hyperin-
sulinemia is responsible in the genesis of impaired

glucose tolerance (IGT), dyslipidemia, central obesity,
and hypertension, i.e. abnormalities which are fre-
quently found in type-Z diabetes mellitus.2 Those ab-
normalities are called deadly quartet which is
responsible for a majority of atherosclerotic diseases
including cerebrovascular disease.3-5 Modan et al.

Department of Medicine, Medica! Faculry, Gadjah Mada Univer-
sity/Dr. Sardjito General Hospital, yogyakorta" Indonesia



32 tiliyono et al.

reported that hyperinsulinemia was associated with
excess cardiovascular disease in men and this risk was

ls in the
Essential
esistance,

Therefore, question arises whether stroke patients had

hyperinsulinemia in the absence of diabetes mellitus'

Thè present study was aimed at determining the

presence of hyperinsulinemia in stroke patients who

had no diabetes mellitus.

METHODS

Aqrse ç,sntrs\stu(5 vas (one ctthc Qut-Patient Clinic
of the Department of Neurology, Sardjito General

Hospital from December 1993 to May 1994. Patients

recruited in this study were post-stroke patients who

survived from stroke and evaluated 3 months or more

after the attack and regularly visited the Out-Patient
Clinic. Criteria for exclusion were laboratory evidence

and/or family history of diabetes mellitus, renal failure,
malignant disease, heart failure, myocardial infarction,
those receiving treatment with hypolipidemic agents,

and those receiving antihypertensive treatment. Diag-
nosis of stroke was established on a clinical basis with
CT-Scan examination. Controls were selected from
non-stroke patients who also regularly visited the same

clinic with matching for sex and age.

Patients and controls who were eligible underwent
physical examination including blood pressure (BP)

and body mass index (BMI). Blood samples were taken

for examination of blood sugar levels, insulin levels,
lipids including total-cholesterol, HDl-cholesterol,
LDl-cholesterol, and triglyceride concentrations. In-
sulin levels were determined by radioimmunoassay
using Coat-A- Count kits. Lipid levels were deter-

mined by high performance spectrophotometry (Ab-
bott).

Using 75 percentib of 46 non-obese and normal
glucose tolerance individuals, hyperinsulinemia was

defined as fasting insulin levels above 6.53 pU/ml and

2 hourspost-prandial insulin levels above 72.491tUlml.
IGTwas dehned according to theWHO criteria (1985),

namely fasting blood sugar levels less than 140 mg/dl
and 2 hours post-prandial blood sugar levels (1fter 75
mg oral glucose load) between 140-200 mg/dl.o

Using exposed controls in population (po) 0.25, odds
ratio (OR) 3, alpha 0.05, and beta 0,2 by Schlesselman
formula (1982), sample size was 50 samples each
group.' Data were presented as mean and standard
deviation or proportion. Difference of means of vari-
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ables between case and control group were tested by

student's t test and difference of proportions were

tested by chi square test. The difference between mean

of variables also presente d as 9 5Vo confi dence interv al.

RESULTS

During the study 51 patients (39 males and 72 females)

aged 58.73+10.37 years and 5l controls (39 males and

12 females) aged 58.67t9.87 years were recruited.

There was no statistical difference of the age between

the two groups (p>0.05). There was also no significant
difference of BMI (22.57+3.54 vs 22.64t4.71kglm2,
p>0.05) and smoking (23151 vs 20151, p>0'05) be-

iwe"n the two grouPs. There was a significant higher

blood pressure both systolic (160.50+24186 mmHg vs

131.30+11.78 mmHg, p<0.05) and diastolic
(101.13.03+13.03 mmHg vs 79.90x4.72 mmHg,
p<0.05) of patients as compared to controls, and sig-

nificant lower HDL- cholesterol concentrations
(46.69 xl 6.65 mg/dl v s 53 .67 t23 .26 mgl dl, p<0. 05 ) of
patients as compared to controls. There were no sig-
nifi cant differences of total-cholesterol, tri glyceride,

LDL- cholesterol, fasting and postprandial blood sugar

levels of both groups (p>0.05), see tabel 1.

There was no significant difference of fasting insulin
levels (9.28+2.741tUlmL vs 8/38t2.69 ltu[L, p>0.05)

between patients and controls. However, significant
higher post-prandial insulin levels (94.89+12.15
pU/mL vs 55.21t6.88 pU/mL, p<0.05) were found in
patients as compared to controls. See table 2.

Both patients and controls were devided into nor-
moglucose tolerance (NGT) (patients 31, controls, 28)

and impaired glucose tolerance (IGT) (patients 20,

controls, 23) subgroups to look at the possibility of
insulin secretion response after glucoce loads in both
groups. It was found that insulin levels were sig-
nificantly increased only after glucose load (2 hours
postprandial) both in the NGT subgroup (98.15+14.97
pU/mL vs 38.76t6.62 pU/mL, p<0.05) and in the IGT
subgroup (89.85t20.98 pU/mL vs 75.24X11.82
pU/mL, p<0.05) in patients as compared to controls.
However, there was no significant difference of fasting
insulin levels in NGT subgroup (7.15+1.31 pU/mL vs

6.08+1.30 pU/mL, p>0.05) and IGT subgroup
(12.56t6.74 pU/mL vs 11.18t5.78 pU/mL, p>0.05)
between patients and controls.

There was a significant increased risk of stroke in
patients with postprandial hyperinsulinemia (47.l%o vs

23.5Vo, odds 2.89, p<0.05) and fasting and/or post-

prandial hyperinsulinemia patients (62.1Vo vs 43.lVo,

odds 2.22, p<0.05) as compared to controls.
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Table l. Clinical characteristics of stroke patients and controls
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Characteristics Stroke Patients
n=51

Controls
n=51

P value
(MD 957o CI)'

Age (yean)

Sex

Males

Females

BMI (kg/m2)

Blood pressure

Systolic (mm Hg)

Diastolic (mm Hg)

Smoking

Total-cholesterol (mg/dl)

LDLcholesterol (mgldl)

HDl-cholesterol (mg/dl)

Triglyceride (mgdl)

Blood sugar

fasting (mg/dl)

postprandial (mg/dl)

58.73r10.37

39

12

22.57d3.56

160.50!24.56

101.30t13.03

23

241.30!40.24

134.90r'U.12

46,69116.05

169.90161.85

76.16x13.10

131.20x33.69

58.67t9.87

39

12

22.64!4.11

l3l.30tl1.78

7990!+.74

20

218.40rlM.82

140.50t36.38

53.67!23.26

141.00160.51

79.59t2t.t6

133.00t36.32

0.3648

C3.86 to 3.98)

o.8t27
(-1.56.o 1.42)

0.0000
(21.66 to 36.74)

0.0000
(17.60 to 25.20)

0.5475
(-10.71 .o2.52)

o.2u0
(-12.52to4.32)

0.0879
(-13,60 ro2.40)

0.004
(-12.10 to -1.95)

0.4390
(4.26 to 51,74)

0.8695

(-6.23 to 5.37)
0.2983

(-12.71to 9.40)

Mean of differenceg5Vo confidence interval

Table 2.Insulin levels in stroke patients and controls

Patients Controls P value
(MD 957o CI).

Fasting insulin
(pU/rnl.)

Posprandial
insulin (pU/mL)

9.28{2.74

94.89t12.15

8.38+2.69

55.21+6.88

0.,1485

C6.,14 to 8.64)

0.0001
(12.32 to 67.04)

Mean of differenceg5%o confidence interval
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Table 3. Insulin levels in normal glucoce tolerance (NGT) and impaired glucose tolerance (IGT) subgroup in stroke patients and

controls

Patients Controls P value
(MD 95Vo Cl)*

NGT
fasting insulin (pUtML)

postprandial insulin (PU/nL)

IGT
fasting insulin (PU/mL)
postprandial insulin (PU/mL)

n=31
7.l5rl.3l

98.15x14.97

n=20
1258t6.74
89.85120.98

n=28
6.08+1.30

38.76t6.62

n=23
1 I . l8+5.78
75.24x11.82

0.3841
(-2.23 to 4.60)

0.0008
(46.56 to 9'1.24)

0.3508
(-25.98 to 18.78)

0.0125
(5.31 to 25.53)

* difference of mean 95Vo confidence interval

Table 4. Risk of stroke in hypersulinemic stroke patients and controls

Hyperinsulinemia Controls Odds
(95Vo Cl)

P value

Fasting*

Postprandial"

Fasting and/or postprandial

t4 (275%)

24 (47.rVo)

32 (62.7Vo)

16 (3r.4Vo)

12 (23.5Vo)

22 (43.l%o)

0.83
(-0.32 to 2.11)

2.89
(1.14 to 7.40)

1))
(1.03 to 5.32)

0.6650

0.0130

0.0480

* 
cut-off value of 6.53 mU/ml

'* cut-off valu e of 72.49 mU/ml

DISCUSSION

The present study showed that some cardiovtlscular
risks existed in stroke patients. Those risks factors
were hypertension, dyslipidemia, namely reduced
HDl-cholesterol concentrations shown by their sig-
nificant abnormality as compared to controls (p<0.05).

However, no significant difference was found for some

other risk factors namely obesity and smoking as

shown on table l. Regarding to glucose metabolism,
although diabetes mellitus as defined by the definition
of WHO (1985) has already been excluded from the
study, it showed that some abnormalities were found
in this study. The abnormalities were higher increase
of insulin response after glucoce load in patients as

compared to controls (p<0.05). Even the increase of
insulin levels in patients also occurred both in the NGT
subgroup and IGT subgroup as compared to controls
(p<0.05). This maybe interpreted as although there was

no clinical and laboratory evidence of diabetes mel-
litus, the abnormal insulin resistance or pre-clinical
diabetes mellitus already existed in stroke patients. In
addition, hyperinsulinemia was significantly higher in
patients both postprandially and fasting and/or
postprandially (p<0.05). Modan et al. found that hy-
perinsulinemia was associated with excess CVD risk
in men (risk ratio 2.27 ,95Vo CI 1.33 to 3.08) but not in
women (risk ratio 0.85,957o CI 0.48 to 1.49), in the
presence of GOH (lmpaired glucose tolerance, obesity
and hypertension).o Our study has shown that there is
an increased risk ratio of stroke in the subgroup of
patients with postprandial (risk ratio 2.89 95Vo Cl l.l4
to 7.40, p<0.05) and in the subgroup of patients \ilith
only fasting and/or postprandial hyperinsulinemia
(risk ratio 2.22,95Vo CI 1.03 to 5.32, p<0.05), but not
in the subgroup of patients with fasting hyperin-
sulinemia (risk ratio 0.83, 95Vo Cl - 0.32 to 2.11,
p>0.05). Although the present study did not describe
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the sex difference on the risk of stroke in hyperin-
sulinemic patients, it seemed that all rates of stroke risk
ratio in postprandial hyperinsulinemic patients were
similar with those found by Modan et al. in men.
Hyperinsulinemia in our series may also explain the
presence of dyslipidemia and hypertension. Two
studies showed the evidence associating elevated in-
sulin levels with increased risk of ischemic heart dis-
ease (IHD) morbidity and mo-rtality,lO !1, as well as,
with overall CVD mortality.lo These studies showed
that elevated insulin levels predict the risk of IHD and
CVD mortality. A sfudy by Cullen et al., however,
showed that elevated insulin levels were predictive of
CVD only in men, the results of which were similar to
those found by Modan et al. Our study, however, did
not take into account sex as a risk of CVD in associa-
tion with hyperinsulinemia. Our study showed that
patients with stroke had higher blood pressure both
systolic and diastolic and reduced HDl-cholesterol
levels. It was shown that insulin resistance is directly
correlated with the severity o_f hypertension in patients
with essential hypertension. / and patients with hyper-
tension had 2 to 4,8 greater riks to have intracerebral
hemorrhage than normotensive controls.l2'I3 It wa,
still to be determined, however, whether hypertension
and dyslipidemia are associated with hyperinsulinemia
in our series or whether hyperinsulinemia is an inde-
pendent risk factor of stroke. Reaven described the
association of,!yperinsulinemia with hypertension and
dyslipidemia.'" Kannel showed an association of
cholesterol levels and the.risk of stroke particularly in
non- hemorrhagic stroke.l5 It *us believàd that insulin
resistance in association with hypertension and dys-
lipidemia may produce atherosclerosis in cerebral ves-
sels through direct insulin action on the vessel wall and
through secondary metabolic substance.4'16

In conclusion, this study showed that although diabetes
mellitus was already excluded in stroke patients,
postprandial hyperinsulinemia still exists. The hyper-
insulinemia may be due to insulin resistance and as-
sociated with hypertension and reduced HDL-
cholesterol concentration which co-exist in the
patients. Further study is needed to elucidate whether
hypertension and dyslipidemia are associated with hy-
perinsulinemia in these patients.
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