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OBIJECTIVE — To assess the effect of insulin resistance and the benefit of the fibrate, gem-
fibrozil, on the incidence of major cardiovascular events in subjects with low HDL cholesterol
and a broad range of triglyceride values who participated in the Veterans Affairs High Density
Lipoprotein Intervention Trial (VA-HIT).

RESEARCH DESIGN AND METHODS — This intention-to-treat analysis, specified as
asecondary objective in VA-HIT, determined using Cox proportional hazards models the 5-year
combined incidence of nonfatal myocardial infarction, coronary heart disease (CHD) death, or
stroke in relation to the presence or absence of insulin resistance (defined by the highest tertile
of the homeostasis model assessment of insulin resistance, HOMA-IR) in conjunction with lower
and higher levels of HDL cholesterol and triglycerides. The study population consisted of 2,283
men with known coronary heart disease (CHD), treated with either placebo or gemfibrozil, who
could be subdivided into groups with diabetes with or without insulin resistance, with no
diabetes but insulin resistance, and with neither diabetes nor insulin resistance.

RESULTS — With insulin resistance there was a significantly higher relative risk (RR) of a
cardiovascular event both with diabetes (RR of 1.62 with 95% CI of 1.28-2.06) and without
diabetes (RR of 1.43 with 95% CI of 1.03-1.98) than without insulin resistance. Throughout
both lower and higher ranges of HDL cholesterol and triglycerides, the rate of new cardiovascular
events and the reduction of events with gemfbrozil was greater in subjects with insulin resistance
than without, despite the finding that an increase in HDL cholesterol and a decrease in triglyc-
erides with gemfibrozil was less with insulin resistance than without insulin resistance.

CONCLUSIONS — Results show that in VA-HIT the occurrence of a new cardiovascular
event and the benefit of fibrate therapy was much less dependent on levels of HDL cholesterol or
triglycerides than on the presence or absence of insulin resistance.
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he Veterans Affairs High-Density Li-
poprotein Intervention Trial (VA-
HIT) was undertaken in men with
known coronary heart disease (CHD), a

low HDL cholesterol, a low LDL choles-
terol, and a broad range of triglyceride
values. This multicenter, placebo-
controlled study demonstrated that therapy
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with gemfbrozil significantly reduced
the incidence of nonfatal myocardial in-
farction (MI) and CHD death (1). In VA-
HIT there was a high percentage of
subjects with diabetes and features of in-
sulin resistance with a high BMI, high
waist circumference, and increased fast-
ing concentrations of plasma insulin (2).
In this study, the 5-year rate of a new car-
diovascular event was highest in subjects
with lowest levels of HDL cholesterol, in
those with highest levels of triglycerides,
and in those with diabetes or with hyper-
insulinemia (3,4).

Although a low HDL cholesterol and
high triglycerides are frequently found
with insulin resistance with or without
type 2 diabetes, there is no evidence that
the risk of a cardiovascular event associ-
ated with this dyslipidemia is modified by
the presence of insulin resistance. VA-
HIT provided the opportunity to assess
the relation of insulin resistance to the
cardiovascular risk of a low HDL choles-
terol and high triglycerides as well as to
the effectiveness of fibrate therapy in con-
junction with this dyslipidemia.

RESEARCH DESIGN AND

METHODS — The general design and
procedures utilized in the VA-HIT trial
have been previously reported (5). End
points counted in the present analyses
were the first occurrence of nonfatal MI,
stroke, or CHD death. All of these events
were confirmed during the course of the
study by independent end point commit-
tees. All present analyses were performed
by the principle of intention-to-treat and
were specified as secondary objectives in
the original VA-HIT study protocol. The
incidence of new cardiovascular events
were obtained from Kaplan-Meier sur-
vival curves for baseline concentrations of
HDL cholesterol and triglycerides and the
5-year relative risk (RR) of an event was
calculated from Cox proportional hazards
models (6) for placebo and treatment
groups that were adjusted for the tradi-
tional cardiovascular disease risk factors
of age, LDL cholesterol, history of hyper-
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tension, systolic blood pressure, and cur-
rent smoking. The incidence of events
between different groups assigned to pla-
cebo was compared by x* analyses.

Fasting levels of plasma insulin and
lipids were measured by a central labora-
tory and fasting plasma glucose by the
clinical laboratory at each of 20 individual
study sites. Lipids were measured by en-
zymatic methods that have been previ-
ously reported (3). Plasma insulin was
determined as total immunoreactive insu-
lin (Coat-A-Count Insulin; Diagnostic
Products, Los Angeles, CA). A measure of
insulin resistance, the homeostasis model
assessment of insulin resistance (HOMA-
IR), was calculated as described by Mat-
thews et al. (7) as fasting insulin (uU/
ml) X fasting glucose (mmol/1)/22.5.

Diabetes was defined by history or by
a fasting plasma glucose value =126
mg/dl at baseline. The majority of subjects
with a history of diabetes were treated
with either insulin (33%) or a sulfonyl-
urea (53%). Other characteristics of the
population recruited for VA-HIT have
been more fully described in previous
publications (1-4).

RESULTS — Insulin resistance was de-
fined by HOMA-IR values at the highest
tertile of values for all subjects in the pla-
cebo group, except those with diabetes
who were treated with insulin. At the
highest tertile of HOMA-IR the 5-year rate
of cardiovascular events was 32% and was
significantly greater than at the mid-tertile
range of values, where the event rate was
23% (RR difference 1.4,95% CI1.1-1.9,
P = 0.01), and at the lowest tertile range
of HOMA-IR values, where the event rate
was 19% (1.8, 1.4-2.5, P = 0.0001).
There was no significant difference in the
rate of cardiovascular events between the
first and second tertile of HOMA-IR val-
ues (P = 0.10). A distribution by deciles
showed no difference in the rate of events
between the upper three deciles of
HOMA- IR values.

Of the 2,531 men recruited for VA-
HIT, 2,283 who were not being treated
with insulin for diabetes had at baseline
fasting measurements of plasma insulin,
glucose, and lipids. Of these, 550 had di-
abetes by history or by a fasting plasma
glucose =126 mg/dl, and 399 of those
with diabetes who were not being treated
with insulin had values of HOMA-IR in an
increased range of =10.20. An additional

Table 1—Characteristics of subgroups with or without diabetes or insulin resistance

1: Diabetes 2: Diabetes 3: Insulin

with insulin ~ without insulin resistance

resistance resistance without diabetes  4: All others
n 399 151 363 1,370
BMI (kg/mz) 315+ 54 275+ 39 316 46 277 £ 4.1
Waist (cm) 108 = 13 100 = 11 109 = 11 99 + 11
Glucose (mg/dl) 160 *+ 37 120 £ 25 107 =10 97 =11
Insulin (pU/ml)* 44 + 48 26+ 7 50 = 16 27+ 7
HOMA-IR* 16.6 =222 81x17 13.0 =43 65+ 1.8
HDL cholesterol (mg/dl) 30.8 =52 30953 31254 32.0=x52
Triglycerides (mg/dD)* 164 =72 138 = 64 172 = 67 143 * 65
LDL cholesterol (mg/dl) 108 £ 22 110 £ 24 110 £ 23 113 £ 22

Data are mean or median* * SD for subjects not being treated with insulin who had fasting values of lipids,
insulin, and glucose measured at baseline. Diabetes was defined by history or by a fasting plasma glucose
=126 mg/dl. Insulin resistance was defined by the upper tertile level of HOMA-IR, which was associated with
a significant increase in cardiovascular events (REsULTS). All values in subgroups 1 or 3 are different from
subgroup 4 (at P < 0.01), whereas only glucose, HOMA-IR, and HDL cholesterol values in subgroup 2 are
different from subgroup 4 (at P < 0.01). All values are different between subgroups 1 and 2 (P < 0.001) and
between subgroups 2 and 3 (P < 0.001) except for LDL cholesterol and HDL cholesterol.

363 individuals without diabetes also had
increased HOMA-IR.

Major clinical and laboratory charac-
teristics for subgroups with or without di-
abetes or insulin resistance are shown in
Table 1. In subjects with increased levels
of HOMA-IR with or without diabetes,
compared with those without increased
HOMA-IR, BM] was greater at 31.5 = 5.1
compared with 27.6 = 4.0 kg/mz; waist
circumference was higher at 109 = 12 vs.
99 * 11 ¢m; and triglycerides were higher
at 170 = 70vs. 142 = 65 mg/dl (allata P
value <0.0001). HDL cholesterol and
LDL cholesterocl were similar in sub-
groups with either diabetes or insulin re-
sistance and were significantly lower than
the subgroup with neither diabetes nor
insulin resistance (P << 0.0001).

BMI and waist circumference were
linearly correlated and waist measure-
ments were strongly correlated with fast-

inginsulin values (Fig. 1). The calculation
of HOMA-IR, although dependent on
both the concentration of fasting plasma
insulin and glucose, was more strongly
related to insulin (r = 0.943 for all sub-
jects, exclusive of those taking insulin,
and r = 0.969 for those without a history
of diabetes) than to glucose levels (r =
0.490 for all subjects and v = 0.483 for
those without a history of diabetes). Both
triglycerides and HDL cholesterol were
also linearly related to HOMA-IR levels.
However, the range of mean values for
both of these lipid measurements from
the lowest to highest decile level of
HOMA values was relatively small: for
HDL cholesterol, values ranged from a
mean of 32.4 to 30.5 mg/dl; for triglycer-
ides, from a mean of 133 to 182 mg/dl.
The 5-year cardiovascular event rate
for the placebo group (exclusive of those
with diabetes who were treated with in-

Figure 1—Relation of mean
BMI and median values of fast-
ing plasma insulin to waist cir-
cumference measured to the
nearest inch at baseline for all
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subjects (n = 2,283), excluding
those individuals with diabetes
who were treated with insulin.
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Table 2—Cardiovascular events in relation to insulin resistance with lower and higher risk
levels of HDL cholesterol and triglycerides

Relative difference
in events %

No insulin resistance  Insulin resistance (95% CI) P
HDL cholesterol
<31.5 mg/dl 79/344 (23.0) 75/231 (32.5) 29 (7-46) 0.012
=>31.5 mg/dl 76/404 (18.8) 50/164 (30.5) 38 (16-53) 0.002
P 0.16 0.68
Triglycerides
<152 mg/dl 81/418 (19.4) 49/143 (34.3) 43 (24-58) 0.0003
=152 mg/dl 74/330 22.4) 76/252 (30.2) 25 (2-43) 0.035
P 0.31 0.40

Data are n with event/total n (% events) unless otherwise indicated. Values are shown for the entire placebo
group with plasma insulin, glucose, and lipid values measured at baseline (n = 1,143). Subjects with diabetes
who were being treated with insulin were excluded from analyses. HDL cholesterol and triglycerides were
separated into higher and lower cardiovascular risk categories at the median value of HDI. cholesterol of31.5
mg/dl and median value of triglycerides of 152 mg/dl. Insulin resistance was defined by the highest tertile of
HOMA-IR values (ResuLTs). The relative difference in cardiovascular events between groups with and with-
out insulin resistance and between lower and higher levels of HDL cholesterol and triglycerides was calcu-

lated by x>.
A HOMA-IR

Not Increased
sulin) was significantly higher for subjects
with insulin resistance (mean event rate of
31.7%) than without insulin resistance
(mean event rate of 20.7%) (RR of 1.62,
95% CI 1.28-2.06, P < 0.0001). With
the exclusion of all subjects with diabetes,
the cardiovascular event rate was 27.7%
with insulin resistance and was still sig-
nificantly greater than for those without
insulin resistance where the event rate
was 19.8% (1.43, 1.03-1.98, P = 0.03).

Median values of HDL cholesterol
(31.5 mg/dl) and triglycerides (152 mg/
dl) at baseline were used to separate the
entire placebo group into those with
lower and higher values of HDL choles-
terol and triglycerides, with and without
insulin resistance (Table 2). Below the
median, HDL cholesterol and triglycer-
ides averaged 27.3 * 3.0 mg/dl and
108 =+ 28 mg/dl, respectively. Above the
median, HDL cholesterol and triglycer-
ides were 35.7 = 3.6 mg/dland 214 + 54
mg/dl. With an increased HOMA-IR
value, the cardiovascular event rate was
significantly greater for all levels of HDL
cholesterol and triglycerides than with
lower HOMA values. In contrast, the rate
of events was not any different comparing
lower with higher values of either HDL
cholesterol or triglycerides within either
the low or high range of HOMA-IR values.

As shown for the entire VA-HIT pop-
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IR values throughout a tertile range of
HDL cholesterol or triglycerides. For those
with increased HOMA-IR, gemfibrozil re-
duced events overall by a significant 28%
(95% CI 5-45, P = 0.02). In the absence
of increased HOMA-IR, gemfibrozil re-
sulted in a smaller 20% reduction in
events (95% CI —1 to 37, P = 0.06). In
the absence of an increased HOMA-IR,
cardiovascular events were reduced more
at lower levels of HDL cholesterol than at
the highest level and more at the highest
level of triglycerides than at lower tri-
glycerides. In contrast, with increased
HOMA-IR, gemfibrozil reduced events in
no apparent pattern but more substan-
tially at both higher levels of HDL choles-
terol and lower levels of triglycerides than
when HOMA-IR was not increased.

HOMA-IR
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ulation in Fig. 2, therapy with gemfibrozil
generally resulted in a greater reduction
in cardiovascular events for subjects with
increased compared with lower HOMA-

Figure 2—The 5-year rate of cardiovascular events with placebo or gemfibrozil for tertiles of
HDL cholesterol (A) and triglycerides (B) in subgroups with “not increased” or “increased” levels
of HOMA-IR at baseline. Event rates are shown for the placebo group by open bars and for the
gemfibrozil group by shaded bars. The absolute reduction in cardiovascular events with gemfi-
brozil is shown for each tertile division das a percentage change.
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Figure 3—Percentage change in plasma HDL cholesterol and triglycerides with gemfibrozil. The
mean percent changes in HDL cholesterol and triglycerides with gemfibrozil compared with
placebo from baseline to the average of on-trial values at 4, 7, 12, and 18 months is shown for the
subgroups identified in Table 1 (A) and is plotted in relation to a quintile range of HOMA-IR values
(B). The percent change in HDL cholesterol or triglycerides was not different comparing groups 1
with 3 or 2 with 4 (A). However, the change in HDL cholesterol, but not triglycerides, was
significantly different comparing either group 1 or 3 with either group 2 or 4 (P = 0.004). DM,

diabetes; IR, insulin resistance.

With gemfibrozil compared with pla-
cebo, there was an increase in HDL cho-
lesterol and a decrease in triglycerides in
subgroups with diabetes, with insulin re-
sistance, and with neither diabetes nor in-
sulin resistance (Fig. 3). However, the
magnitude of change in either HDL cho-
lesterol or triglycerides with gemfibrozil
was smaller in subgroups with than with-
out insulin resistance (P < 0.0001) (Fig.
3A) and was inversely related to quintiles
of HOMA-IR (Fig. 3B). Changes in LDL
cholesterol with gemfibrozil compared
with placebo were uniformly small
(<2.0%) in all subgroups and are not
shown.

CONCLUSIONS — Men who were
recruited for VA-HIT with known CHD
and a low HDL cholesterol also had a high
prevalence of diabetes and hyperinsulin-
emia (2). We have reported (4) that in
VA-HIT the 5-year incidence of major car-
diovascular events was highest in sub-
groups with diabetes or highest levels of
plasma insulin, and in these subgroups,
therapy with gemfbrozil resulted in a
greater reduction in cardiovascular events
than in subgroups without diabetes or hy-
perinsulinemia.

The present analyses show that in VA-
HIT the occurrence of new CHD events
was much less dependent on the levels of

either HDL cholesterol or triglycerides at
baseline than on the presence or absence
of insulin resistance as measured by the
calculation of HOMA-IR (7). In fact, for
the entire placebo group, in the absence of
insulin resistance the incidence of cardio-
vascular events was not appreciably dif-
ferent between groups with either lower
or higher levels of HDL cholesterol or tri-
glycerides (Table 2). In contrast, within
the same range of HDL cholesterol values
or triglyceride values, there were highly
significant differences in cardiovascular
events between groups with and without
insulin resistance.

These results would appear to be es-
pecially relevant for our understanding of
the relationship of triglycerides to cardio-
vascular risk, which for a long time has
been difficult to establish with certainty.
We have reported that in VA-HIT there
was a 7% increase in CHD events for every
50-mg/dl increase in triglycerides at base-
line, which was of marginal significance
(P = 0.045) (3). In the presence of in-
creased HOMA-IR, however, for the same
change in triglycerides, there was a 13%
increase in CHD events (P = 0.02). Find-
ings similar to ours, recently reported
from the Quebec Heart Institute, show
that high waist circumference on the basis
of increased intra-abdominal fat is
strongly related to plasma insulin levels,
and that the combination of high triglyc-
erides and high waist circumference will
more accurately predict the presence of
coronary artery narrowing by angiogra-
phy than high levels of triglycerides alone
(8.

The benefit of gemfbrozil in VA-HIT
was much greater with insulin resistance
tham without insulin resistance at virtu-
ally all levels of HDL cholesterol or trig-
lycerides. This response to gemfibrozil
therapy clearly conforms to the results of
the Helsinki Heart Study, which showed
that the largest reduction of CHD with
gemfibrozil in men without CHD was in
those subjects with highest BMI and other
features of insulin resistance (9). At this
time, we have no explanation for the se-
lectively greater benefit of gemfibrozil in
the presence of insulin resistance. Some,
but not all studies, have found that with
fibrate therapy a reduction in triglycerides
has correlated with a reduction in plasma
insulin or other measures of insulin resis-
tance (10—13). However, this correlation
has generally been observed with triglyc-
eride values in a relatively high range
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(10-12). In VA-HIT, with modestly in-
creased plasma triglycerides, a reduction
in triglycerides was not associated with a
change in HOMA insulin resistance, mea-
sured from baseline to 1 year (data not
shown).

Gemfibrozil, like other fibric acid de-
rivatives, is a peroxisome proliferator—
activated receptor (PPAR)-a agonist that
may decrease cardiovascular events by a
broad range of favorable effects on plasma
lipids, leading to increases in plasma
HDL, decreases in triglycerides, and
changes in LDL size and density. How-
ever, fibrates also increase the potential
for fibrinolysis and promote a variety of
anti-inflammatory actions in the arterial
wall with inhibition of cytokines that
mediate leukocyte adhesion to the endo-
thelium, macrophage infiltration, and en-
dothelium-dependent vascular relaxation
(rev. in 14). Given this vast array of po-
tentially favorable effects of fibrates, it
may be difficult to implicate which, in
particular, have been chiefly instrumental
in the reduction by gemifobrozil of MI,
stroke, and CHD death, all of which we
have found to be strongly linked to insu-
lin resistance in VA-HIT.

In clinical practice, the magnitude of
increase in HDL cholesterol or decrease in
triglycerides with lipid therapy continues
to chiefly influence the choice of therapy
as well as to provide an estimation of the
success of therapy. The results of the cur-
rent analyses suggest that, independent of
HDL cholesterol or triglyceride values be-
fore treatment or as a result of treatment,
fibrate therapy may have its optimum
benefit in the presence of insulin resis-
tance or hyperinsulinemia, which is asso-
ciated with an increased rate of major
cardiovascular events in both VA-HIT
and populations without CHD (15-17).
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