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Introduction

Abstract

Aims To compare the incidence of myocardial infarction and death in non-
diabetic subjects with and without insulin resistance.

Methods Population-based prospective cohort study, in Malmo, Sweden, of
4748 non-diabetic subjects (60% women), aged 46—68 years, with no history of
myocardial infarction or stroke. The prevalence of insulin resistance was estab-
lished by the homeostasis model assessment (HOMA) and defined as values
above the sex-specific 75th percentile (1.80 for women and 2.12 for men). Incid-
ence of myocardial infarction and death is based on record linkage with local
and national registers. Cox’s proportional hazards model was used to assess the
influence of insulin resistance after adjustment for age, sex, hyperglycaemia,
raised arterial blood pressure, dyslipidaemia, central obesity, smoking and
leisure-time physical activity.

Results Sixty-two subjects suffered a coronary event, and 93 subjects died
during the 6-year follow-up period. Insulin resistance was after adjustment for
other factors included in the insulin resistance syndrome and other potential
confounders, associated with an increased incidence of coronary events (relative
risk (RR) 2.18; 95% confidence interval (CI) 1.22-3.87; P = 0.008) and deaths
(RR 1.62; 1.03-2.55; P = 0.038).

Conclusions Insulin resistance, as assessed by the HOMA method, was in this
cohort of middle-aged non-diabetic subjects associated with an increased incid-
ence of myocardial infarction and death. This risk remained when smoking,
low physical activity and factors included in the insulin resistance syndrome
were taken into account in a stepwise regression model.

Diabet. Med. 19, 470-475 (2002)
Keywords insulin resistance, HOMA, coronary heart disease, mortality

Abbrevations HOMA, homeostasis model assessment; HDL, high-density lipo-
protein; RR, relative risk; CI, confidence interval

insulin resistance has been associated with an increased incid-
ence of myocardial infarction and death, results are far from

During the last 25 years at least 20 prospective studies have
been published in which hyperinsulinaemia, as a marker of
insulin resistance, has been evaluated as a risk factor for cardio-
vascular disease and death [1-3]. Although in some studies
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unequivocal [1]. This may be due to differences with regard to
rules for inclusion and exclusion of study subjects. In some
studies patients with diabetes have been included in the cohort
with insulin resistance. Only a few studies have used a random
sample from the general population [1].

Based on a sample of non-diabetic subjects from the ‘Diet
and Cancer’ cohort [4] in Malmo, Sweden, in which intima-
media thickness and prevalence of asymptomatic stenosis in
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the carotid arteries were compared in non-diabetic cases with
insulin resistance and non-insulin resistance controls, it was
concluded that initially observed associations with insulin
resistance could be entirely accounted for by covariance with
other cardiovascular risk factors, especially hypertension [5].

In order to assess whether insulin resistance may have any
relationship with the progression and complications of athero-
sclerosis we have now compared the incidence of myocardial
infarction and death in subjects with and without insulin
resistance, as assessed by the homeostasis model assessment
(HOMA) [6-8].

Methods

Study population

The 1862 men and 2886 women are a sample from the cohort
study on ‘Diet and Cancer’ in Malmo, Sweden [4]. A random
50% of those who entered the study (7 =11 456) between
November 1991 and February 1994, born between 1926 and
1945, were invited to take part in a study of the epidemiology
of carotid artery disease [5]. The 5540 subjects who accepted
were re-scheduled for blood sampling under standardized
circumstances. Subjects with a history of myocardial infarction
or stroke (7 = 144), diabetes mellitus (7 = 136) and subjects
whose fasting whole blood glucose were >6.1 mmol/l (i.e.
plasma glucose = 7.0 mmol/l, n = 308) were excluded [9].
Another 204 individuals were excluded because of incomplete
data.

The Ethics Committee at Lund University, Sweden, approved
the study. Each proband gave his or her written informed
consent.

Clinical and physical examination data

Information regarding smoking habits, physical activity,
medical history and use of medication is based on a self-
administered structured questionnaire. Smoking habits were
categorized into never smokers, former smokers and current
smokers. The assessment of physical activity during leisure time
is based on the average time per week (in minutes) one spends
on each of the 17 activities listed in the questionnaire, multi-
plied by an intensity factor ranging from 4 to 8 [10,11]. The
sum of these products is the activity index. In the analysis we
have used the following categories: low (Quartile 1), moderate
(Q2-3), and high (Q4) physical activity.

Blood pressure (mmHg) in supine position was measured
once after 10 min rest. Weight (kg) and height (cm) were meas-
ured while the subjects wore light indoor clothing and were
without shoes. Waist circumference (cm) was measured at the
umbilicus. Overnight fasting blood samples were drawn for
determination of serum values for blood lipids (i.e. triglycerides
and high-density lipoprotein (HDL) cholesterol), whole blood
glucose, ery-HbA,_ and plasma insulin. Analyses were carried
out at the Department of Clinical Chemistry, Malmo University
Hospital, which is attached to a recurrent standardization
system. Insulin levels in mIU/l (nmol/l = mIU/L x 7.175/1000)
were measured by a non-specific radioimmunoassay [12].
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Intra- and interassay coefficients of variation were 5% and 8%,
respectively.

Individuals with a fasting whole blood glucose level
> 5.6 mmol/l (i.e. plasma glucose > 6.1 mmol/l) were consid-
ered to have an impaired fasting glucose regulation or hyper-
glycaemia. Raised arterial blood pressure was defined as a blood
pressure > 140/90 mmHg or use of blood pressure-lowering
medication. The cut-off value for definition of central obesity
was waist circumference 94 cm for men and 80 cm for women.
Presence of dyslipidaemia was defined as a triglyceride level
> 2.0 mmol/l or a HDL-cholesterol level < 1.0 mmol/1.

Definition of insulin resistance

Criteria used for the definition of insulin resistance are in
accordance with the recently published guidelines proposed by
the European Group of the study of Insulin Resistance (EGIR)
[13]. Fasting insulin x fasting blood glucose/22.5 were in
accordance with the HOMA model calculated for each individual
[4]. Subjects whose values exceeded the sex-specific 75th
percentile (i.e. 1.80 for women and 2.12 for men) were
considered to have insulin resistance (HOMA-IR) [13].

Retrieval of endpoints

Information on morbidity and mortality following the health
examination was obtained by record linkage with the National
Inpatient Register (Swedish Board on Health and Welfare), the
Swedish Causes of Death Register and the Malmo Heart Infarc-
tion Registry [14,15]. Underlying cause of death, respectively,
hospitalization diagnosis, was coded in accordance with the
9th version of the International Classification of Diseases
[16]. Incidences of myocardial infarction and deaths have
been updated until 31 December 1997.

A coronary event was defined as a fatal or non-fatal myo-
cardial infarction or death from coronary heart disease. Each
individual was followed until 31 December 1997, date of a
first coronary event or death.

Statistical analysis

SPSS was used for the statistical analyses [17]. The Kaplan—
Meier method [18], with the generalized Wilcoxon rank sum
test, was used for the computation of incidence of coronary
events and overall survival in relation to insulin resistance.
Rates were expressed in terms of events per 1000 person-years.
Cox’s proportional hazards model [19], using a backward like-
lihood-ratio method (probability for stepwise entry 0.05 and
removal 0.10), was used to estimate the influence of insulin
resistance on the incidence of coronary events and death after
adjustment for differences with regard to age and sex. In a second
model further adjustment was made for differences with regard
to risk factors included in the insulin resistance syndrome, i.e.
hyperglycaemia, raised arterial blood pressure, dyslipidaemia
and central obesity [13], and life-style factors, i.e. smoking
and leisure time physical activity. Due to a limited number of
events, missing values on life-style covariates (7 = 157 subjects)
were coded into the model as dummy variables. Since fasting
blood glucose is included in the HOMA calculation and thus
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very strongly correlated (r = 0.51, P < 0.001) to HOMA [5], we
also used HbA, , which is less correlated to HOMA (r = 0.13)
as an indicator of hyperglycaemia, in an additional Cox’s
regression model. Age, systolic blood pressure, HDL-cholesterol,
triglycerides, fasting blood glucose, HbA,_ and waist circum-
ference were introduced as continuous variables. All other
covariates, i.e. sex (males and female), treatment for hypertension
(yes vs. no), smoking (yes vs. no) and low level of physical
activity (yes vs. no) were fitted as categorical variables. The fit
of the proportional hazards model was confirmed by plotting
the hazards function in different groups over time. There was no
indication that the proportional-hazards assumption was
violated. The interaction of waist circumference with sex
was investigated by including interaction terms in the regression
equations. The results of the test of interaction between sex and
waist circumference in the analyses of incidence of coronary
events and all-cause mortality were statistically non significant
(i.e. P=0.123 and P = 0.838, respectively). Relative risk was
computed as the antilogarithm of the risk coefficient. All confi-
dence intervals were calculated at the 95% level.

Results

Mortality rates and incidence of coronary events

During a median follow-up time of 5 years (range 0.04-6.23
years), 23 715 person-years were accumulated. Cardiovascular
disease (ICD-9: 390-448) was the cause of death for 27
(30%) of the 93 subjects who died, cancer for 51 (54%), and
15 (16%) died from other causes. Cause of death was based on
autopsy in 50% of the deceased subjects. There were in all 62
coronary events (43 men and 19 women), of which 17 were fatal.

Incidence of events in relation to insulin resistance

The relative risk of a coronary event was twice as high in the
insulin resistance group as it was in the non-insulin resistance
control group (relative risk (RR) after adjustment for age
and sex 2.06; 95% confidence interval (CI) 1.24-3.41;
P =0.005). In terms of the overall rate of mortality the
corresponding RR was 2.07; 95% CI 1.37-3.13; P < 0.001
(Table 1, Fig. 1).

The relative risk of a coronary event remained statistically
significant when other factors included in the insulin resistance
syndrome and smoking and physical activity were taken into
account (RR 2.18; 95% CI 1.22-3.87; P =0.008). When
HbA . was used in the model instead of fasting blood glucose,
the corresponding RR was 1.90; 1.14-3.16; P = 0.013.

The influence of insulin resistance on the overall rate of
mortality similarly remained statistically significant after
adjustment for other factors involved in the insulin
resistance syndrome and life-style factors, i.e. smoking and
leisure-time physical activity, were taken into account: RR
1.625 95% CI 1.03-2.55; P = 0.038. The corresponding RR
when HbA, _was included in the model was 1.94; 1.27-2.94;
P =0.002.

.\

Table 1 Incidence and estimated covariate-adjusted relative risk (RR) of
coronary events (i.e. fatal and non-fatal myocardial infarction or
coronary heart disease (CHD) deaths) and survival in relation to insulin
resistance (HOMA-IR) in non-diabetic subjects

HOMA-IR
No Yes
CHD event
Events/subjects at risk 36/3559 26/1189

Incidence/1000 person-years 2.02 (1.42-2.80) 4.47(2.92-6.55)

Age- and sex-adjusted RR Reference 2.06 (1.24-3.41)

Full model, RR* Reference 2.18(1.22-3.87)
All cause mortality

Events/subjects at risk 54/3559 39/1189

Incidence/1000 person-years 3.02 (2.27-3.94) 6.67 (4.75-9.12)

Age- and sex-adjusted RR Reference 2.07 (1.37-3.13)

Full model, RR* Reference 1.62 (1.03-2.55)

*Covariates included in the Cox’s model, using a stepwise backward
likelihood-ratio, were age, sex and other components involved in the
insulin resistance syndrome, i.e. systolic blood pressure, treatment for
hypertension, HDL-cholesterol, triglycerides, fasting glucose and waist
circumference and life-style factors, i.e. smoking and leisure-time
physical activity.
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Figure 1 Coronary event rates (fatal and non-fatal myocardial
infarction and coronary heart disease deaths, upper panel) and all-cause
mortality rates (lower panel) in non-diabetic subjects in relation to
insulin resistance as assessed by HOMA.
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Prevalence of cardiovascular risk factors in quartiles
with regard to insulin sensitivity

Age was somewhat higher in the fourth HOMA quartile
(= insulin resistance group) than it was in the first (Table 2).
All factors included in the insulin resistance syndrome were
similarly more prevalent in that group. Three out of four had,
according to the cut-off levels proposed by EGIR [11], raised
arterial blood pressure, 67% central obesity, 36 % dyslipidae-
mia and 20% hyperglycaemia. Smoking was less common and
low physical activity more common among those with insulin
resistance.

Discussion

Our results support the view [1-3] that insulin resistance is
associated with an increased incidence of coronary heart
disease and death. This risk remained statistically significant
when smoking, physical activity and cardiovascular risk
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factors included in the insulin resistance syndrome were taken
into account in a Cox’s stepwise regression model.

It has been suggested that insulin contributes to the athero-
genetic process [20]. Carotid and femoral intima-media thick-
ness are related to plasma levels of insulin, independent of
other components involved in the insulin resistance syndrome
[21-23]. No similar independent relationship has yet been
demonstrated for pro-insulin [22-24]. Based on a sample of
non-diabetes subjects from the ‘Diet and Cancer’ cohort in
Malmo, Sweden, in which intima-media thickness and preval-
ence of asymptomatic stenosis in the carotid arteries were
compared in non-diabetic cases with insulin resistance and
non-insulin resistance controls [5], it was concluded that
associations with insulin resistance were entirely accounted
for by its covariance with other cardiovascular risk factors,
especially hypertension. As a number of cross-sectional studies
have failed to demonstrate any independent relationship
between insulin resistance and ultrasound-assessed measures
of atherosclerosis, the exact role insulin may have in the

Table 2 Baseline characateristics in relation to quartiles of HOMA-assessed insulin sensitivity in non-diabetic subjects

Quartiles of HOMA
1 2 3 4 Age-adjusted
n=1207 n=1185 n=1167 n=1189 P for trend
Age (years) 56.6 6.0 57.2£5.9 57.6+5.9 58.1+£5.9
Male sex (%) 39.0 39.6 39.2 39.0 0.991
Glucose status
Fasting insulin (mIU/1) 3(3-5) 5(4-9) 7(5-11) 11 (7-186) s
Fasting glucose (mmol/l) 4.6+0.4 4.8+£0.4 5.0+0.4 52+04 o
Hyperglycaemia* (%) 1.4 3.8 8.7 20.1 o
Ery-HbA, (%) 4.7+0.4 4.7+0.4 4.8+0.4 4 804 <0.001
Blood pressure status
Systolic (mmHg) 137+£19 139+£18 141 +£18 145+£19 <0.001
Diastolic (mmHg) 85+10 86+ 10 87+9 89+9 <0.001
Treatment (%) 8.8 10.4 13.8 22.0 <0.001
Raised arterial BP*, (%) 52.3 56.7 63.2 73.8 <0.001
Body composition
Body mass index (kg/mz) 23.6+2.8 24.5+£3.1 25.7+£3.2 28.2+4.1 <0.001
Waist-hip ratio 0.82+£0.08 0.84£0.09 0.85£0.09 0.87+0.10 <0.001
Waist circumference (cm) 77.3£10.2 80.2+11.1 83.3+£11.2 89.9+124 <0.001
Central obesity* (%) 12.1 22.4 38.0 67.1 <0.001
Blood lipid status
Total cholesterol (mmol/l) 6.0x1.1 6.1x£1.1 6.2+1.1 6.3+1.1 <0.001
LDL-cholesterol (mmol/I) 4.0+1.0 42+1.0 42+1.0 43+1.0 <0.001
HDL-cholesterol (mmol/I) 1.5£0.4 1.5+0.4 1.4£0.3 1.3£0.3 <0.001
Triglycerides (mmol/1) 0.9 (0.3-4.2) 1.2 (0.4-7.6) 1.2 (0.4-6.1) 1.5 (0.4-5.3) <0.001
Dyslipidaemia™* (%) 9.2 13.9 21.6 35.9 <0.001
Life-style factors
Former smokers (%) 35.1 36.4 39.1 37.2 0.203
Current smokers (%) 26.2 22.6 20.2 21.4 0.014
Low physical activity (%) 20.9 21.6 26.1 28.6 <0.001

BP, Blood pressure.

*Cut-off levels for these conditions were according to the European Group of the study of Insulin Resistance (EGIR) [11]. Fasting hyperglycaemia
was defined as fasting whole blood glucose level > 5.6 mmol/I (i.e. plasma glucose = 7.0 mmol/l). Hypertension was defined as blood pressure > 140/

90 mmHg or treatment for hypertension. Central obesity was defined as a waist circumference > 94 cm for men and > 80 cm for women. Dyslipidaemia

was defined as a triglyceride level > 2.0 mmol/l or a HDL-cholesterol level < 1.0 mmol/1.

**Selection criteria not tested for statistical significance. Figures are shown as mean (sb) or when appropriate as median (range).
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early atherosclerotic process remains to be determined
(5,24,27).

There is evidence linking insulin resistance to the complica-
tions of atherosclerosis. Several prospective studies have shown
that hyperinsulinaemia is independently associated with myo-
cardial infarction [1-3]. This is compatible with the hypothesis
that insulin contributes to the steps preceding this event [28,29].

Evidence from both clinical and epidemiological studies has
shown that hyperinsulinaemia or insulin resistance covaries
with several risk factors for cardiovascular disease, i.e. raised
arterial blood pressure, lipid abnormalities, impaired glucose
tolerance, obesity and certain thrombogenic factors [30,31].
The association between insulin resistance and the occurrence
of myocardial infarction was, however, only marginally
changed when adjustment was made for differences between
cases and controls with regard to markers of the insulin resist-
ance syndrome and life-style factors which may have acted as
confounders.

Studies in which the assessment of insulin resistance has
been compared with the hyperinsulinaemic-euglycaemic
clamp do not indicate that the results could have been con-
founded by misclassification [7,32]. However, categorization
of insulin resistance was based on one sample. By dichotomiz-
ing the study group into those with and those without insulin
resistance, misclassification due to lack of precision should
have been reduced.

As insulin resistance is associated with an increased incid-
ence of Type 2 diabetes, one could question whether this may
explain the increased risk of myocardial infarction in that
group. Based on the incidence figures in published studies we
conclude that, in subjects with insulin resistance, those who
sustain a cardiovascular event over 6 years will far exceed
those who develop diabetes [8,33].

Vital status at the end of the follow-up was updated on
all individuals by data linkage with regional and national
registers. The completeness and validity of these registers has
been documented in several other studies from the city [15].
About 50% of the death certificates were based on autopsy.

Change of exposure is an inherent problem in long-term
studies. It has been shown that the risk of cardiovascular
disease in relation to insulin resistance diminishes over time
[3,34]. To what extent this relates to treatment of cardio-
vascular risk factors associated with insulin resistance remains
to be evaluated. However, this tends to dilute an existing risk.

The increased cardiovascular morbidity and mortality rates
associated with insulin resistance have mainly been shown for
men. Although many prospective studies have included both
men and women, few have presented sex-specific rates [1-3].
Only one study has demonstrated a positive relationship
between hyperinsulinaemia and coronary heart disease in
women. However, in that study no similar association was
found in men [2]. To assess the influence of insulin resistance
on the distribution of cardiovascular disease in the population
we need to understand the factors modifying the risk of
exposure.

.\
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