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In the late 1980s, Gerald Reaven proposed the concept
of insulin resistance as the cornerstone of a plurimeta-
bolic syndrome that included hypertriglyceridemia,

low plasma high-density lipoprotein cholesterol concen-
trations, hypertension and hyperinsulinemia.1 This syn-

drome has been referred to as syndrome X, insulin resis-
tance syndrome and the metabolic syndrome.2 Several
other metabolic disturbances, such as an increase in the
number of small, dense low-density lipoprotein particles,
impaired fibrinolytic activity, a proinflammatory state, im-
paired postprandial lipoprotein metabolism and abdominal
obesity, have been included as part of this syndrome over
the years.3,4

Although obesity is an important component of insulin
resistance syndrome, many people who are not obese ac-
cording to standard height and weight criteria (i.e., body
mass index [BMI]) may still display features of the syn-
drome. Indeed, studies have indicated that normal-weight
subjects, whose BMI is less than 25 kg/m2, may have as
much as 40% fat in the abdominal area, a level that corre-
lates closely with decreased insulin sensitivity5 and an
atherogenic dyslipidemic state. In that context, the risk of
ischemic heart disease among normal-weight people with
insulin resistance syndrome and among obese people with-
out insulin resistance syndrome represents a major gap in
the existing literature. We therefore sought to investigate
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Abstract

Background: Many people who are not obese according to stan-
dard height and weight criteria may still display features of in-
sulin resistance syndrome and thus be at high risk of ischemic
heart disease. We sought to investigate the effect of cumula-
tive features of insulin resistance syndrome on the risk of is-
chemic heart disease associated with variations in body mass
index (BMI) among men who participated in the Québec Car-
diovascular Study.

Methods: A cohort of 1824 nondiabetic men free of ischemic
heart disease was evaluated at the 1985 baseline evaluation
and followed for a period of 13 years, during which 284 first
ischemic heart disease events were recorded. Relative hazards
(RHs) of ischemic heart disease in 3 BMI groups (normal
weight, overweight and obese) were estimated using Cox pro-
portional hazards regression. 

Results: Although obese men (BMI ≥ 30 kg/m2) were the most
likely to accumulate features of insulin resistance syndrome,
the univariate risk of ischemic heart disease in this group was
not significantly increased compared with normal-weight men
(BMI < 25 kg/m2) (RH 1.26, 95% confidence interval [CI]
0.88–1.80). However, obese men who accumulated more
than 4 features of insulin resistance syndrome were at
increased risk of ischemic heart disease (RH 1.81, 95% CI
1.02–3.19) compared with normal-weight men who had fewer
than 3 features of the syndrome. Conversely, having more
than 4 features of insulin resistance syndrome was associated
with a 3-fold increase in the risk of ischemic heart disease
among normal-weight men (RH 3.01, 95% CI 1.70–
5.32). 

Interpretation: Although obesity is an important risk factor for is-
chemic heart disease, variations in BMI alone poorly reflect
the risk of ischemic heart disease associated with features of
insulin resistance syndrome.
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Box 1: Features of insulin resistance syndrome

• Triglyceride level ≥ 1.7 mmol/L*
• High-density lipoprotein (HDL) cholesterol level

< 1.0 mmol/L*
• % of low-density lipoprotein particles with diameter < 255Å

(LDL %<255Å) ≥ 54.5†
• Apolipoprotein B level ≥ 1.36 g/L†

• Fasting insulin level ≥ 85.2 pmol/L†

• Blood pressure ≥ 135/85 mm Hg*

• C-reactive protein level ≥ 3.0 mg/L‡

*Cut-off points used for triglyceride and HDL cholesterol levels and high blood
pressure are those proposed by the National Cholesterol Education Program Adult
Treatment Panel III.
†Cut-off points for LDL %<255Å and apolipoprotein B and fasting insulin levels
corresponded to the top quartile of the cohort distribution.
‡The C-reactive protein level cut-off point corresponds to that of the high-risk category
stated by Pearson and associates.12



how features of insulin resistance syndrome affected the
risk of ischemic heart disease associated with variations in
BMI in a cohort of 1824 men who participated in the
Québec Cardiovascular Study.

Methods

The study population and follow-up methods have been de-
scribed in detail elsewhere;6,7 the method of determining the par-
ticipants of the present analysis is depicted in Fig. 1. The study
cohort comprised 1824 nondiabetic men free of ischemic heart
disease who were evaluated at the 1985 baseline evaluation and fol-
lowed for a period of 13 years. The presence of diabetes at base-
line was determined on the basis of self-report. In 1990/1991 and
in 1998, participants were contacted by mail and invited to com-
plete a short questionnaire, which asked for information on smok-
ing habits (> 20 v. ≤ 20 cigarettes per day), medication use (use v.
no use of β-blockers or diuretics or both), history of cardiovascu-
lar diseases and type 2 diabetes. Among the 1824 eligible men,
none was lost to follow-up. Although 28 (1.5%) subjects could not
be retraced between 1990 and 1998, their data were kept in the
analysis because we had 5-year follow-up information for these
participants. 

Among the 1824 study participants who were free of clinical
manifestations of ischemic heart disease in 1985, there were 284
first cases of ischemic heart disease during the 13-year follow-up.
The diagnosis of a first ischemic heart disease event included
angina on typical effort, coronary insufficiency, nonfatal myocar-

dial infarction and coronary death, as has
been described elsewhere.7,8 Coronary in-
sufficiency was diagnosed using the nomen-
clature of the Framingham Heart Study for
unstable angina presentation with electro-
cardiogram changes (changes in ST seg-
ment and T wave).  

Twelve-hour fasting blood samples were
obtained at the 1985 baseline evaluation,
and lipid and apolipoprotein levels were
measured immediately. The methods used
to determine these levels have been detailed
in previous publications.6,9 Plasma C-reac-
tive protein levels,10 fasting insulin concen-
trations11 and low-density lipoprotein parti-
cle size6 were measured in plasma stored at
–80°C. In the present analyses, low-density
lipoprotein particles were characterized us-
ing the relative proportion of low-density
lipoprotein particles having a diameter
smaller than 255Å (termed LDL< 255Å),
which was ascertained by computing the
relative area of the densitometric scan on
the gel using the 255Å cut-off point.6

Features of insulin resistance syndrome
were defined as outlined in Box 1. Partici-
pants were placed in 1 of 3 categories on the
basis of BMI according to the 1998 clinical
guidelines from the National Institutes of
Health: normal weight (BMI < 25 kg/m2),
overweight (25–29.9 kg/m2) and obese
(≥ 30 kg/m2).13 Baseline characteristics of the
normal-weight, overweight and obese men
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Table 1: Characteristics of study participants by body mass index (BMI) category
at baseline

BMI category; mean value (SD)*

Characteristic

Normal weight
(BMI < 25 kg/m2)

n = 719

Overweight
(BMI 25–29.9 kg/m2)

n = 885

Obese
(BMI ≥ 30 kg/m2)

n = 220

Age, yr 56.7 (7.0) 56.2 (6.8) 55.7 (7.3)

BMI, kg/m2 22.6 (1.8) 27.1 (1.4)† 32.7 (2.8)†‡
Systolic blood pressure, mm Hg 127 (17) 131 (17)† 135 (16)†‡
Diastolic blood pressure, mm Hg 78 (10) 82 (10)† 85 (11)†‡
Smoking status, no. (%)§ 222 (30.9) 165 (18.6) 44 (20.0)

LDL cholesterol level, mmol/L 3.9 (0.9) 4.0 (0.9) 3.8 (0.9)‡
HDL cholesterol level, mmol/L 1.11 (0.28) 1.00 (0.23)† 0.93 (0.21)†‡
Triglyceride level, mmol/L¶ 1.4 (1.5) 1.7 (1.5)† 1.9 (1.5)†‡
Apolipoprotein B level, g/L 1.12 (0.31) 1.21 (0.30)† 1.19 (0.30)†
Fasting insulin level, pmol/L¶ 54.8 (1.4) 71.8 (1.4)† 102.1 (1.5)†‡
LDL %<255Å 37.0 (19.1) 40.5 (20.7)† 41.8 (20.8)†
C-reactive protein level, mg/L¶ 1.4 (3.3) 1.9 (2.9)† 2.9 (2.7)†‡
0–2 IRS features, no. (%) 512 (71.2) 429 (48.5) 54 (24.6)
3–4 IRS features, no. (%) 163 (22.7) 326 (36.8) 104 (47.3)
5–7 IRS features, no. (%) 44 (6.1) 130 (14.7) 62 (28.2)

Note: SD = standard deviation, LDL = low-density lipoprotein, HDL = high-density lipoprotein, IRS = insulin resistance
syndrome.
*Unless stated otherwise.
†Indicates a significant difference from the normal-weight group (p < 0.05).
‡Indicates a significant difference from the overweight group (p < 0.05).
§Smoking status was categorized as smoking  > 20 v. ≤ 20 cigarettes per day. Differences in the prevalence of smoking
(p < 0.001) and of features of the insulin resistance syndrome (p < 0.001) between the 3 BMI groups were tested by χ2 test.
¶Reported as geometric means.

Fig. 1: Determination of the study population. The study popu-
lation was originally screened from 7 towns in the Québec City
metropolitan area in 1974 for the Québec Cardiovascular Study.
Data collected in 1985 were used as the baseline characteris-
tics for the present prospective study. Volunteers were men
who asked to be part of the original study but were not se-
lected among the randomly identified participants. ECG = elec-
trocardiogram, IHD = ischemic heart disease.

4635 men aged 34–64 yr
randomly recruited for
Québec Cardiovascular

Study

2552 eligible participants

Excluded n = 728
• 102 volunteers
• 265 men with previous

history of IHD
• 110 men with self-

reported diabetes
• 251 men with no

plasma available for
analyses

1824 eligible participants

Excluded n = 2083
No ECG had been taken
and the risk profile was
incomplete



were compared using a general linear model with the Duncan post-
hoc test to locate differences between the groups and by the
Wilcoxon test for nonparametric variables. Duration of follow-up
was calculated in person-years using the follow-up of each partici-
pant from the 1985 baseline evaluation until death, onset of is-
chemic heart disease or last contact. Cox proportional hazards
models were used to estimate the relative hazard of ischemic heart
disease events associated with the 3 BMI categories, individual and
combined insulin resistance syndrome features, and confounding
factors such as age, smoking habits and medication use at baseline.
For each risk factor, assumptions of proportional hazards were
tested and met. Estimated hazards of ischemic heart disease events
were also estimated in normal-weight, overweight and obese partic-
ipants having 2 or less, 3–4 or 5–7 features of insulin resistance syn-
drome. Adjustment for socioeconomic status using various standard
approaches had no impact on the results (analysis not shown), and
thus multivariate analyses did not include this covariable. 

Results

As expected, obese men had in general a higher risk pro-
file compared with overweight and normal-weight men
(Table 1). Indeed, 75.5% of obese men accumulated more
than 2 features of insulin resistance syndrome. However,
almost one-third (28.8%) of normal-weight men also accu-
mulated more than 2 features of the syndrome. 

The risk of ischemic heart disease among overweight
and obese men was computed using normal-weight men as
the low-risk reference group. Despite having a deteriorated
risk profile, overweight men were not at increased long-
term risk of ischemic heart disease compared with normal-
weight men (RH 0.99, 95% confidence interval [CI]
0.76–1.28) after adjustment for nonmetabolic risk factors
(age, systolic blood pressure, smoking habits and medi-
cation use at baseline). Obese men showed a slightly
increased risk of ischemic heart disease compared with nor-
mal-weight men, but the difference did not achieve signifi-
cance in either univariate (RH 1.26, 95% CI 0.88–1.80) or
multivariate (RH 1.12, 95% CI 0.78–1.62) analyses (analy-
ses not shown).

Analyses of individual features of insulin resistance
syndrome revealed that only high blood pressure
(≥ 135/85 mm Hg) and high apolipoprotein B levels
(≥ 1.36 g/L) were independently associated with an in-
creased risk of ischemic heart disease (RH 1.32, 95% CI
1.03–1.70 and RH 1.72, 95% CI 1.32–2.24 respectively)
(Table 2). However, the cumulative number of features
modulated the risk of ischemic heart disease in an almost
linear fashion (Table 3). Thus, the predicted risk of is-
chemic heart disease among subjects with several features
of insulin resistance syndrome appeared greater than what
would be expected on the basis of the individual non-
significant contribution of most risk factors.  

Table 4 shows the combined impact of BMI and the cu-
mulative number of insulin resistance syndrome features on
the risk of ischemic heart disease. The reference group for
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Table 2: Relative hazard of ischemic heart disease
associated with insulin resistance syndrome (IRS) features
and confounders

Analysis; relative hazard (95% CI)

IRS feature or confounder Univariate Multivariate*

Age, yr 1.04 (1.03–1.06) 1.04 (1.02–1.06)
Smoke > 20 cigarettes/d 1.30 (1.00–1.68) 1.39 (1.06–1.83)

Medication use† 1.93 (1.33–2.80) 1.34 (0.91–2.00)
BMI, kg/m2

< 25 1.00 1.00
25–29.9 1.01 (0.79–1.30) 0.89 (0.67–1.16)

≥ 30 1.26 (0.88–1.80) 0.94 (0.62–1.42)
Triglyceride level
≥ 1.7 mmol/L 1.27 (1.01–1.60) 0.89 (0.67–1.16)
HDL cholesterol level
< 1.0 mmol/L 1.35 (1.07–1.71) 1.22 (0.94–1.58)
Blood pressure
≥ 135/85 mm Hg 1.54 (1.22–1.95) 1.32 (1.03–1.70)

LDL %<255Å ≥ 54.5 1.29 (1.00–1.67) 1.08 (0.82–1.44)
Apolipoprotein B level
≥ 1.36 g/L 1.79 (1.40–2.27) 1.72 (1.32–2.24)
C-reactive protein level, mg/L

< 1.0 1.00 1.00
1.0–3.0 1.23 (0.90–1.66) 1.02 (0.75–1.40)

≥ 3.0 1.85 (1.37–2.49) 1.32 (0.96–1.82)

Insulin level ≥ 85.2 pmol/L 1.44 (1.12–1.85) 1.21 (0.90–1.61)

Note: CI = confidence interval.
*Adjusted for age, smoking and medication use at baseline.
†Medication use at baseline was categorized as use (v. no use) of β-blockers or diuretics or
both.

Table 3: Relative hazard of ischemic heart disease
associated with number of IRS features*

No. of IRS features Relative hazard (95% CI)

0 1.00
1 1.81 (1.05–3.11)
2 2.18 (1.29–3.69)
3 1.93 (1.11–3.33)
4 2.69 (1.57–4.63)
5 3.36 (1.90–5.97)

≥ 6 3.97 (2.17–7.28)

*Adjusted for age, smoking and medication use at baseline.

Table 4: Multivariate relative hazard of ischemic heart
disease among study participants by number of IRS features
according to BMI category*

BMI category; relative hazard (95% CI)

No. of IRS
features

Normal weight
(BMI < 25 kg/m2)

Overweight
(BMI 25–29.9 kg/m2)

Obese
(BMI ≥ 30 kg/m2)

0–2 1.00 1.01 (0.70–1.45) 1.53 (0.79–3.00)
3–4 1.39 (0.89–2.18) 1.28 (0.89–1.85) 1.40 (0.81–2.42)
5–7 3.01 (1.70–5.32) 1.98 (1.29–3.05) 1.81 (1.02–3.19)

*Adjusted for age, smoking and medication use at baseline.



the relative hazards estimates is the group of normal-
weight men with fewer than 3 features of insulin resistance
syndrome. Obese men with fewer than 3 features of the
syndrome were not at increased risk of ischemic heart dis-
ease. Having more than 4 features of the syndrome was as-
sociated with a 3-fold increase in risk among normal-
weight men. The mean BMI among normal-weight men
was 22.6 (standard deviation 1.8) kg/m2. Finally, the pres-
ence of more than 4 features of insulin resistance syndrome
in obese men was associated with an almost 2-fold increase
in risk (RH 1.81, 95% CI 1.02–3.19). There was no inter-
action between number of syndrome features and BMI cat-
egories (p = 0.68) in modulating the long-term risk of is-
chemic heart disease. We performed additional analyses
using only hard endpoints (i.e., nonfatal myocardial infarc-
tion and death from coronary artery disease [N = 187]), and
the results were virtually identical (analyses not shown).

Interpretation

The results of this prospective population-based study in-
dicate that the risk of ischemic heart disease associated with a
high BMI depended entirely on whether features of insulin
resistance syndrome were simultaneously present. Thus, al-
though obese men were more susceptible to developing fea-
tures of the syndrome, their risk of ischemic heart disease
was elevated only when more than 4 of the 7 features were
present. Interestingly, the risk of ischemic heart disease
among normal-weight men was also increased in the sub-
group displaying more than 4 of the 7 syndrome features. 

Increased body weight and BMI have been associated
with an increased risk of ischemic heart disease in several
populations, but this has not been a consistent finding. The
authors of the Framingham Offspring Study reported an
approximate 2-fold increase in the 10-year risk of coronary
artery disease in subjects with a BMI of 30 kg/m2 or more
compared with those with a BMI less than 21 kg/m2 after
adjustment for age.14 On the other hand, the results of the
Prospective Cardiovascular Munster Study indicated that
BMI did not independently contribute to cardiovascular
risk in multiple logistic regression analysis.15 Stevens and
associates suggested that, among men aged 30–74 years,
higher body weight increased the risk of death from cardio-
vascular disease over a 12-year period among subjects aged
44 years or less but not among men older than 65 years.16

Because our cohort included only men 6–76 years of age,
the high-risk age group (30–44 years) in the study by
Stevens and associates was absent from our study, which
may explain why the association between increased BMI
was not significantly associated with an increased risk of is-
chemic heart disease in our study. The National Choles-
terol Education Program Adult Treatment Panel III
(NCEP III) has recently recognized the metabolic syn-
drome as an important risk factor for ischemic heart disease
among both men and women.17 It has been estimated, on
the basis of results of the Third National Health and Nu-

trition Examination Survey, that more than 1 in 5 adults in
the United States have the metabolic syndrome,17 with al-
most a doubling of this prevalence (43%) among people
older than 60 years.17 Our study results show that the risk
of ischemic heart disease increased as a function of the cu-
mulative number of insulin resistance syndrome features,
with 3 or more metabolic features resulting in a 2–4-fold
increase in the risk of ischemic heart disease. These results
are consistent with data from previous studies that sug-
gested that the prevalence of unstable angina pectoris and
history of myocardial infarction were highest among pa-
tients with 5 insulin resistance syndrome features as defined
by the NCEP III.18

The results of our study suggest that the risk attributable
to obesity largely depends on the concomitant presence of
features of insulin resistance syndrome. Thus, among obese
men, who would generally be considered to be at high risk
of ischemic heart disease, those who accumulated fewer
than 5 features of the syndrome were not at increased risk.
This subgroup represented 71.9% of all obese men. Con-
versely, normal-weight men with 5 or more features of in-
sulin resistance syndrome had a risk of ischemic heart dis-
ease 3.01 times higher than of those presenting with fewer
than 3 features. About 6% of all normal-weight men had 5
or more features of insulin resistance syndrome. These re-
sults confirm that insulin resistance syndrome is more
prevalent among obese men. Yet, BMI appears to be a poor
atherogenic index for characterizing the risk of ischemic
heart disease associated with insulin resistance syndrome.
We therefore believe that clinicians should not use BMI to
assess the long-term risk of ischemic heart disease attribut-
able to obesity. Other measures of adiposity, such as waist
circumference, which reflects total adiposity by regional de-
position of fat as well, may be a more useful and adequate
clinical tool for predicting risk of ischemic heart disease. In
that regard, Janssen and associates have demonstrated that,
after adjustment for waist circumference as a continuous
variable, the likelihood of insulin resistance syndrome was
similar in all BMI groups.19 Future studies will have to
demonstrate that a combination of risk factors, and more
particularly a combination of insulin resistance syndrome
features and indices of obesity such as waist girth, has a
greater clinical utility.

There were a number of limitations to our study. Unfor-
tunately, we could not use the NCEP III definition of the
metabolic syndrome in our cohort because data on waist
girth and fasting plasma glucose levels were not collected in
the study cohort in 1985. Our intent was not to propose a
new definition of the metabolic syndrome but, rather, to ex-
amine how specific features of this syndrome modify the
risk of ischemic heart disease attributable to variations in
BMI. Physical activity was not assessed as thoroughly in
1985, and thus the extent to which adjustment for physical
activity would have modified the interrelation between
BMI, features of insulin resistance syndrome and risk of is-
chemic heart disease could not be analyzed. Our 1985 data
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on diet are also fragmentary, and thus they were not added
to the multivariate. Finally, it must be stressed that much of
the medical history (e.g., diabetes, medication use) was by
self-report and was not further validated. 

Our results indicate that the risk of ischemic heart dis-
ease associated with an elevated BMI was significantly
modulated by features of insulin resistance syndrome.
These data challenge the concept that the clinical defini-
tion of obesity, based on weight and height, is adequate as a
clinical tool for the primary prevention of ischemic heart
disease. Alternative measures such as waist circumference
should be considered and thoroughly investigated. 
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