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BSTRACT

 

Background

 

Although it is generally accepted
that lowering elevated serum levels of low-density
lipoprotein (LDL) cholesterol in patients with coro-
nary heart disease is beneficial, there are few data to
guide decisions about therapy for patients whose
primary lipid abnormality is a low level of high-den-
sity lipoprotein (HDL) cholesterol.

 

Methods

 

We conducted a double-blind trial com-
paring gemfibrozil (1200 mg per day) with placebo in
2531 men with coronary heart disease, an HDL cho-
lesterol level of 40 mg per deciliter (1.0 mmol per li-
ter) or less, and an LDL cholesterol level of 140 mg
per deciliter (3.6 mmol per liter) or less. The primary
study outcome was nonfatal myocardial infarction or
death from coronary causes.

 

Results

 

The median follow-up was 5.1 years. At
one year, the mean HDL cholesterol level was 6 per-
cent higher, the mean triglyceride level was 31 per-
cent lower, and the mean total cholesterol level was
4 percent lower in the gemfibrozil group than in the
placebo group. LDL cholesterol levels did not differ
significantly between the groups. A primary event
occurred in 275 of the 1267 patients assigned to pla-
cebo (21.7 percent) and in 219 of the 1264 patients
assigned to gemfibrozil (17.3 percent). The overall re-
duction in the risk of an event was 4.4 percentage
points, and the reduction in relative risk was 22 per-
cent (95 percent confidence interval, 7 to 35 percent;
P=0.006). We observed a 24 percent reduction in the
combined outcome of death from coronary heart dis-
ease, nonfatal myocardial infarction, and stroke (P<
0.001). There were no significant differences in the
rates of coronary revascularization, hospitalization for
unstable angina, death from any cause, and cancer.

 

Conclusions

 

Gemfibrozil therapy resulted in a sig-
nificant reduction in the risk of major cardiovascular
events in patients with coronary disease whose pri-
mary lipid abnormality was a low HDL cholesterol lev-
el. The findings suggest that the rate of coronary
events is reduced by raising HDL cholesterol levels
and lowering levels of triglycerides without lowering
LDL cholesterol levels. (N Engl J Med 1999;341:410-8.)
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LINICAL trials have demonstrated that
cholesterol-lowering therapy reduces the
incidence of major cardiac events in pa-
tients with coronary heart disease who have

levels of low-density lipoprotein (LDL) cholesterol of
130 mg per deciliter (3.4 mmol per liter) or more.

 

1-3

 

However, about 40 percent of patients with coro-
nary disease have LDL cholesterol levels below this
value, and most of these patients also have low levels
of high-density lipoprotein (HDL) cholesterol, with
or without increased levels of triglycerides.

 

4,5

 

 Over-
all, low levels of HDL cholesterol without high levels
of LDL cholesterol characterize 20 to 30 percent of
patients with coronary disease, representing several
million people in the United States.

 

4,5

 

 Observational
studies indicate that low HDL cholesterol levels are
strongly and independently associated with a higher
risk of coronary heart disease.

 

6-8

 

The optimal clinical approach is unknown for pa-
tients with coronary disease whose primary lipid ab-
normality is a low HDL cholesterol level, because no
large-scale intervention trials with major clinical out-
comes have been reported in this population. We re-
port the results of a multicenter trial (the Veterans
Affairs Cooperative Studies Program High-Density
Lipoprotein Cholesterol Intervention Trial [VA-
HIT]), initiated in 1991 to address the hypothesis
that therapy aimed at raising HDL cholesterol levels
and lowering levels of triglycerides would reduce the
incidence of death from coronary heart disease and
nonfatal myocardial infarction in men with coronary
heart disease who had low levels of both HDL cho-

C
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lesterol and LDL cholesterol. We chose the fibric acid
derivative gemfibrozil for the intervention because
we considered it the agent most likely to improve plas-
ma HDL cholesterol and triglyceride values while hav-
ing the least effect on plasma LDL cholesterol levels.

 

METHODS

 

The protocol was approved by the Human Rights Committee
of the Cooperative Studies Program Coordinating Center, by
each center’s institutional review board, and by the Cooperative
Studies Program Evaluation Committee. All patients gave written
informed consent.

 

Patients

 

We have described the study design in detail elsewhere.

 

9

 

 Brief-
ly, men were recruited at 20 Veterans Affairs medical centers
throughout the United States. Eligibility for the trial required a
documented history of coronary heart disease (defined as a his-
tory of myocardial infarction, angina corroborated by objective
evidence of ischemia, coronary revascularization, or angiographic
evidence of stenosis greater than 50 percent of the luminal diam-
eter in one or more major epicardial coronary arteries), an age of
less than 74 years, an absence of serious coexisting conditions, an
HDL cholesterol level of 40 mg per deciliter (1.0 mmol per liter)
or less, an LDL cholesterol level of 140 mg per deciliter (3.6
mmol per liter) or less, and a triglyceride level of 300 mg per dec-
iliter (3.4 mmol per liter) or less. To obtain a population whose
lipid values were at or below these levels, we used a multistage
lipid-screening method that included two lipid profiles obtained
one to two weeks apart while the patients were fasting.

 

9,10

 

 The
means of two additional fasting profiles were used for the base-
line lipid values.

 

Treatment Regimen and Follow-up

 

After confirming the patients’ eligibility with local personnel
by telephone, the Cooperative Studies Program Coordinating
Center randomly assigned patients to receive either gemfibrozil
(1200 mg per day) or matching placebo, according to a permut-
ed-block design with stratification according to center. Through-
out the trial, all patients and local study personnel were blinded
to treatment assignment.

From September 1991 through May 1995, patients received
slow-release gemfibrozil (Lopid SR, Parke-Davis) at a dose of
1200 mg once daily or a matching placebo. On June 1, 1995, af-
ter the manufacturer discontinued production of Lopid SR, pa-
tients received regular gemfibrozil (Lopid, Parke-Davis) at a dose
of 600 mg twice daily or matching placebo for the remainder of
the study. The two formulations have been reported to have
equivalent effects on plasma lipid levels,

 

11

 

 and we detected no
changes in lipid levels after the substitution.

A study coordinator saw patients one month after randomiza-
tion and then every three months for the duration of the study.
At each follow-up visit, study staff provided counseling regarding
adherence to the study regimen and asked about the occurrence
of events and side effects since the previous visit, using a standard
questionnaire that detailed specific symptoms. In addition, the
staff provided instruction in the American Heart Association Step
1 diet and advised each patient to consult with his primary phy-
sician about an appropriate exercise regimen. An electrocardio-
gram was obtained annually, or more frequently if clinically indi-
cated. Every six months for the first half of the study, and then
annually, blood for lipid analysis was drawn while patients were
fasting and was processed according to a standardized protocol.
Plasma total cholesterol, HDL cholesterol, and triglycerides were
measured by standardized automated enzymatic methods

 

9

 

 at a
National Heart, Lung, and Blood Institute–Centers for Disease
Control and Prevention regional network reference lipid labora-
tory. The LDL cholesterol level was calculated by the Friedewald

formula.

 

12

 

 All patients were asked to attend regular follow-up vis-
its whether or not they were still taking the study medication. All
were followed until death, refusal of further visits, or the conclu-
sion of the study.

 

Outcomes

 

The primary outcome was the combined incidence of nonfatal
myocardial infarction or death from coronary heart disease as de-
termined by the end-points committee, which was blinded to treat-
ment assignment and lipid results. The diagnosis of myocardial in-
farction was based on an algorithm that incorporated standard
electrocardiographic and clinical-history criteria and serial deter-
minations of cardiac enzymes. Clinically silent myocardial infarc-
tions were included, as identified on the basis of the occurrence
of new diagnostic Q waves on routine annual electrocardiogra-
phy. Death from coronary heart disease included sudden death,
death due to myocardial infarction, death due to congestive heart
failure, and death as a complication of invasive cardiac procedures.
All electrocardiograms were read at a central electrocardiographic
coding center according to the Minnesota code.

 

13

 

 A stroke-adju-
dication committee composed of three neurologists who were
blinded to treatment assignment and lipid levels used predefined
criteria to review all suspected instances of stroke, a secondary
outcome, on the basis of clinical and radiographic data. Other
prespecified secondary outcomes were also assessed. They includ-
ed death from any cause, transient ischemic attack, revasculariza-
tion procedures, carotid endarterectomy, and hospitalization for
unstable angina or congestive heart failure. With the exception of
deaths and strokes, which were adjudicated as described, second-
ary outcomes were confirmed by the principal investigator at each
medical center, using standardized definitions in the protocol.

 

Statistical Analysis

 

All analyses followed an intention-to-treat approach. Applying
a method of Lakatos

 

14

 

 to projected event rates in the placebo and
gemfibrozil groups, we calculated that, at a type I error rate of
0.05, the study would require 2500 subjects to detect a 20 per-
cent reduction in the primary outcome with 90 percent power.
The study had low power to detect a plausible reduction in total
mortality (e.g., 20 percent power to detect a 10 percent reduction
with a type I error rate of 0.05). Analyses of time-to-event data
were performed with the log-rank test.

 

15

 

 Patients were removed
from all time-to-event analyses at the time of death. Relative risks
were calculated from Cox models

 

16

 

 with treatment as the single
covariate. Adjustment for base-line variables in the Cox models had
a trivial effect on the estimates of the hazard ratios. Since the ef-
fect of gemfibrozil did not become apparent for about two years,
the reported relative risks should be interpreted as the average re-
duction in risk over roughly five years. The data monitoring
board used conditional power calculations

 

17

 

 to guide recommen-
dations about study termination. The Veterans Affairs Coopera-
tive Studies Program Coordinating Center in West Haven, Con-
necticut, maintained exclusive control of all data.

 

RESULTS

 

Between September 4, 1991, and December 31,
1993, we enrolled 2531 patients: 1264 were random-
ly assigned to receive gemfibrozil and 1267 to receive
placebo. Final follow-up visits occurred between
May 1 and July 31, 1998, as originally planned. The
median follow-up was 5.1 years (range, 0 to 6.9).
Overall compliance, defined as the number of days
on which the patient took the study medication (as
determined by pill counts) divided by the number of
days he was supposed to take the medication, was 75
percent in both groups. Among patients who attend-
ed the last study visit, 71 percent in each treatment
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group were still taking their assigned medication.
Only 2 percent of patients in the placebo group and
less than 1 percent of those assigned to gemfibrozil
had been treated for more than six months with an
open-label lipid medication. During the study, 418
patients died; of those who were not known to have
died during the study, all but 60 were followed until
the conclusion of the study, and vital status was as-
certained for all but 3.

Patients randomly assigned to the two treatment
groups were similar at base line with respect to dem-
ographic and clinical variables (Table 1). The popu-
lation was characterized by low levels of HDL cho-
lesterol (mean, 32 mg per deciliter [0.8 mmol per
liter]), low levels of LDL and total cholesterol (mean,
111 and 175 mg per deciliter [2.9 and 4.5 mmol per
liter], respectively), moderate levels of triglycerides
(mean, 160 mg per deciliter [1.8 mmol per liter]),
advanced age (mean, 64 years), a high prevalence of
diabetes (25 percent) and hypertension (57 percent),
and abdominal obesity (mean [±SD] waist-to-hip
ratio, 0.96±0.05).

 

Effects on Lipid Levels

 

One year after randomization, the mean HDL
cholesterol level was 6 percent higher in the gemfib-
rozil group than in the placebo group (34 mg per
deciliter [0.9 mmol per liter] vs. 32 mg per deciliter
[0.8 mmol per liter], P<0.001); the mean total cho-
lesterol level was 4 percent lower (170 mg per dec-
iliter [4.4 mmol per liter] vs. 177 mg per deciliter
[4.6 mmol per liter], P<0.001); and the mean tri-
glyceride level was 31 percent lower (115 mg per
deciliter [1.3 mmol per liter] vs. 166 mg per deciliter
[1.9 mmol per liter], P<0.001). Significant differ-
ences between treatment groups for these three lipids
persisted throughout the study (Fig. 1). The mean
LDL cholesterol level was 113 mg per deciliter (2.9
mmol per liter) in both groups at one year and never
differed significantly between groups.

 

Outcomes

 

Overall, 275 patients (21.7 percent) in the placebo
group and 219 patients (17.3 percent) in the gem-
fibrozil group had a primary event (Table 2). Thus,
gemfibrozil was associated with a reduction of 22
percent (95 percent confidence interval, 7 to 35 per-
cent) in the rate of death from coronary heart disease
or nonfatal myocardial infarction (P=0.006). The ef-
fect was consistent for both components of the pri-
mary outcome, with a 22 percent reduction in death
from coronary heart disease (95 percent confidence
interval, ¡2 to 41 percent [the negative number indi-
cates an increase]; P=0.07) and a 23 percent reduc-
tion in nonfatal myocardial infarction (95 percent con-
fidence interval, 4 to 38 percent; P=0.02). The
beneficial effect of gemfibrozil did not become appar-
ent until about two years after randomization (Fig. 2).

 

*Plus–minus values are means ±SD. CABG denotes coronary-artery by-
pass graft, PTCA percutaneous transluminal coronary angioplasty, and
ACE angiotensin-converting enzyme. Hypertension and diabetes were de-
fined by clinical history. A more complete list of base-line characteristics is
given in Rubins et al.

 

18

 

†Nitrates includes all preparations except as-needed nitroglycerin.

‡Any antianginal drug includes any nitrate (as defined above), calcium-
channel blocker, or beta-blocker.

§The body-mass index is the weight in kilograms divided by the square
of the height in meters.

¶To convert values for cholesterol to millimoles per liter, multiply by
0.02586. To convert values for triglycerides to millimoles per liter, multiply
by 0.01129.
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C

 

HARACTERISTIC

 

P

 

LACEBO

 

(N=1267)
G

 

EMFIBROZIL

 

(N=1264)

 

Age (yr) 64±7 64±7

Age >60 yr (%) 77 76

Race (%)
White
Black
Other

90
8
2

89
8
3

Education »12 yr (%) 47 47

Current smoker (%) 19 22

Alcohol consumption (%)
<1 drink/day
1–3 drinks/day
>3 drinks/day

94
6

<1

93
7

<1

Hypertension (%) 57 57

Diabetes (%) 25 24

Prior myocardial infarction (%) 61 61

Time since most recent myocardial 
infarction (yr)

6±6 6±6

History of congestive heart failure (%) 8 8

CABG or PTCA (%) 58 55

Medication use (%)
Aspirin
Nitrates†
Calcium-channel blockers
ACE inhibitors
Beta-blockers
Any antianginal drug‡

82
46
52
20
43
80

81
46
53
22
43
82

Body-mass index§ 29±5 29±5

Waist-to-hip ratio 0.96±0.05 0.96±0.05

Blood pressure (mm Hg)
Systolic
Diastolic

132±18
77±10

132±19
77±10

Plasma lipids (mg/dl)¶
Total cholesterol

Mean
Interquartile range

175±25
159–191

175±25
160–190

LDL cholesterol
Mean
Interquartile range

112±23
97–127

111±22
99–125

HDL cholesterol
Mean
Interquartile range

32±5
28–35

32±5
28–35

Triglycerides
Mean
Interquartile range

160±67
111–201

161±68
111–201
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Table 2 also shows the incidence of secondary out-
comes according to treatment group. Seventy-six pa-
tients taking placebo (6.0 percent) and 58 taking
gemfibrozil (4.6 percent) had strokes (relative risk
reduction, 25 percent; 95 percent confidence interval,
¡6 to 47 percent; P=0.10). Since several recent sec-
ondary-prevention trials reported investigator-desig-
nated strokes rather than strokes confirmed by an
adjudication committee, we also show such data in
Table 2.

 

1,2

 

 Gemfibrozil resulted in a relative risk re-
duction of 24 percent for the combined outcome of
death from coronary heart disease, nonfatal myocar-
dial infarction, or confirmed stroke (95 percent con-
fidence interval, 11 to 36 percent; P<0.001). Gem-
fibrozil also resulted in a statistically significant 59
percent reduction in transient ischemic attacks (95
percent confidence interval, 33 to 75 percent; P<
0.001) and a statistically significant 65 percent re-
duction in carotid endarterectomy (95 percent con-
fidence interval, 37 to 80 percent; P<0.001). The
rates of coronary revascularization and hospitalization
for unstable angina did not differ significantly be-
tween the groups.

 

Subgroup Analyses

 

Although the study was not designed to have ad-
equate power for subgroup analyses, we performed
exploratory analyses in predefined subgroups, using
the expanded outcome of death from coronary heart
disease, nonfatal myocardial infarction, or confirmed
adjudicated stroke. Gemfibrozil was associated with
relative risk reductions ranging from 11 percent to
42 percent in all subgroups except for current smok-
ers (Table 3).

 

Adverse Events

 

As shown in Table 4, there were 220 deaths in the
placebo group (17.4 percent) and 198 in the gem-
fibrozil group (15.7 percent). There was no signifi-
cant difference between the two groups in the rate of
death from any specific cause. Cancer was diagnosed
during the study in 263 patients, 138 in the placebo
group and 125 in the gemfibrozil group.

The study medication was generally well tolerat-
ed. The only symptom reported more commonly by
patients receiving the active treatment was dyspep-
sia, which occurred in 40 percent of patients taking
gemfibrozil and 34 percent of those taking placebo
(P=0.002). Seven percent of patients in both treat-
ment groups had biliary disease. More patients as-
signed to gemfibrozil underwent abdominal surgery,
but the difference was not statistically significant
(5.4 percent vs. 4.3 percent, P=0.19). The number
of patients with elevations in either creatine kinase
or aspartate aminotransferase levels did not differ
significantly between the groups. Table 5 shows the
reasons for the discontinuation of the study medi-
cation.

 

Figure 1.

 

 Lipid Concentrations According to Year of Study and
Treatment Group.
Values are means and are presented according to the intention
to treat. To convert values for cholesterol to millimoles per liter,
multiply by 0.02586; to convert values for triglycerides to milli-
moles per liter, multiply by 0.01129. The y axis for HDL choles-
terol levels ranges from 30 to 35 mg per deciliter.
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*CI denotes confidence interval, CHD coronary heart disease, CABG coronary-artery bypass graft,
and PTCA percutaneous transluminal coronary angioplasty. Relative risk reductions, 95 percent con-
fidence intervals, and P values are derived from Cox models. For risk reductions, negative numbers
indicate an increase in risk.

†Confirmed stroke was judged by a blinded adjudication panel of three neurologists.

 

T

 

ABLE

 

 2.

 

 M

 

AJOR

 

 C

 

ARDIOVASCULAR

 

 E

 

VENTS

 

 A

 

CCORDING

 

 

 

TO

 

 T

 

REATMENT

 

 G

 

ROUP

 

.*

 

E

 

VENT

 

P

 

LACEBO

 

(N=1267)
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(N=1264)
R

 

ISK

 

 R

 

EDUCTION

 

(95% CI) P V

 

ALUE

 

no. (%) %

 

Nonfatal myocardial infarction or 
death due to CHD

275 (21.7) 219 (17.3) 22 (7 to 35) 0.006

Nonfatal myocardial infarction or 
death due to CHD (excluding 
silent myocardial infarction)

241 (19) 195 (15.4) 21 (4 to 34) 0.02

Nonfatal myocardial infarction, death 
due to CHD, or confirmed stroke†

330 (26) 258 (20.4) 24 (11 to 36) <0.001

Nonfatal myocardial infarction 184 (14.5) 146 (11.6) 23 (4 to 38) 0.02

Death due to CHD 118 (9.3) 93 (7.4) 22 (¡2 to 41) 0.07

Death from any cause 220 (17.4) 198 (15.7) 11 (¡8 to 27) 0.23

Investigator-designated stroke 88 (6.9) 64 (5.1) 29 (2 to 48) 0.04

Confirmed stroke 76 (6.0) 58 (4.6) 25 (¡6 to 47) 0.10

Transient ischemic attack 53 (4.2) 22 (1.7) 59 (33 to 75) <0.001

CABG 173 (13.7) 164 (13.0) 6 (¡17 to 24) 0.60

PTCA 147 (11.6) 120 (9.5) 21 (¡1 to 38) 0.06

CABG or PTCA 287 (22.7) 266 (21.0) 9 (¡8 to 23) 0.29

Peripheral vascular surgery 28 (2.2) 19 (1.5) 33 (¡20 to 63) 0.18

Carotid endarterectomy 44 (3.5) 16 (1.3) 65 (37 to 80) <0.001

Hospitalization for unstable angina 453 (35.8) 457 (36.2) ¡0.4 (¡14 to 12) 0.95

Hospitalization for congestive heart 
failure

168 (13.3) 134 (10.6) 22 (2 to 38) 0.04

 

Figure 2.

 

 Kaplan–Meier Estimates of the Incidence of Death from Coronary Heart Disease and Nonfatal
Myocardial Infarction in the Gemfibrozil and Placebo Groups.
The relative risk reduction was 22 percent (P=0.006), as derived from a Cox model.
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DISCUSSION

In this trial, among men with coronary heart dis-
ease and low HDL cholesterol levels but without
high-risk LDL cholesterol levels, gemfibrozil safely re-
duced the risk of death from coronary heart disease
or nonfatal myocardial infarction by 22 percent. Gem-
fibrozil also resulted in a 24 percent reduction in the
combined outcome of death from coronary heart

disease, nonfatal myocardial infarction, or stroke, an
effect that was consistent within nearly all of the pre-
specified subgroups we analyzed. The 29 percent re-
duction in investigator-designated stroke is similar to
the 30 percent reported in trials of statins.1,2 Thus,
the results of this study suggest that raising HDL
cholesterol and lowering triglyceride levels, even with-
out lowering the LDL cholesterol level, reduces ma-

*Risk reduction, 95 percent confidence interval (CI), and P value are derived from Cox models.
For risk reductions, negative numbers indicate an increase in risk.

†Diabetes and hypertension were defined by clinical history.

‡A family history was defined as having one or more first-degree relatives with either myocardial
infarction or sudden death before the age of 55.

§HDL cholesterol levels are shown according to the median value (31.5 mg per deciliter [0.8 mmol
per liter]).

¶Triglyceride levels are shown according to the median value (151 mg per deciliter [1.7 mmol per
liter]).

¿LDL cholesterol levels are shown according to the median value (112 mg per deciliter [2.9 mmol
per liter]) and according to the values that divide the subjects into three equal groups (<104, 104 to
121, and >121 mg per deciliter [<2.7, 2.7 to 3.1, and >3.1 mmol per liter]).

TABLE 3. EFFECT OF GEMFIBROZIL ON DEATH DUE TO CORONARY HEART DISEASE, 
NONFATAL MYOCARDIAL INFARCTION, AND CONFIRMED STROKE

IN PRESPECIFIED SUBGROUPS.*

SUBGROUP† PLACEBO GEMFIBROZIL

RISK REDUCTION

(95% CI) P VALUE

no. with event/total no. (%) %

Age
<66 yr
»66 yr

152/647 (24)
178/620 (29)

116/618 (19)
142/646 (22)

22 (1 to 39)
26 (7 to 40)

0.04
0.007

Race
White
Nonwhite

293/1139 (26)
37/128 (29)

228/1128 (20)
30/136 (22)

24 (10 to 36)
27 (¡18 to 55)

0.002
0.20

Family history‡
Yes
No

77/292 (26)
252/971 (26)

54/273 (20)
203/986 (21)

25 (¡7 to 47)
24 (9 to 37)

0.11
0.004

Smoking
Current
Former or never

57/240 (24)
273/1027 (27)

76/276 (28)
182/988 (18)

¡16 (¡63 to 18)
34 (20 to 45)

0.41
<0.001

Diabetes
Yes
No

116/318 (36)
214/949 (23)

88/309 (28)
170/955 (18)

24 (¡0.1 to 43)
24 (6 to 30)

0.05
0.009

Hypertension
Yes
No

191/728 (26)
139/539 (26)

159/714 (22)
99/550 (18)

17 (¡3 to 33)
34 (14 to 49)

0.09
0.002

Prior myocardial infarction
Yes
No

237/774 (31)
93/492 (19)

182/773 (24)
76/490 (16)

27 (11 to 40)
19 (¡10 to 40)

0.002
0.17

Aspirin use
Yes
No

267/1040 (26)
63/227 (28)

217/1027 (21)
41/237 (17)

20 (4 to 33)
42 (14 to 61)

0.02
0.007

Beta-blocker use
Yes
No

136/549 (25)
194/718 (27)

118/545 (22)
140/719 (19)

14 (¡4 to 33)
31 (15 to 45)

0.24
<0.001

HDL cholesterol§
<31.5 mg/dl
»31.5 mg/dl

169/600 (28)
136/590 (23)

119/574 (21)
110/605 (18)

30 (11 to 49)
24 (2 to 41)

0.003
0.03

Triglycerides¶
<151 mg/dl
»151 mg/dl

146/595 (25)
159/595 (27)

111/589 (19)
118/590 (20)

28 (8 to 44)
27 (7 to 42)

0.01
0.01

LDL cholesterol¿
<112 mg/dl
»112 mg/dl

<104 mg/dl
104–121 mg/dl
>121 mg/dl

139/572 (24)
165/616 (27)

95/404 (24)
99/392 (25)

119/417 (29)

113/584 (19)
116/595 (19)

85/405 (21)
81/431 (19)
76/377 (20)

33 (1 to 40)
31 (12 to 45)

11 (¡20 to 33)
29 (5 to 47)
32 (10 to 49)

0.04
0.003

0.46
0.02
0.008
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jor coronary events in patients whose primary lipid
abnormality is a low HDL cholesterol level.

For the primary outcome, death from coronary
heart disease or nonfatal myocardial infarction, the
absolute risk reduction was 4.4 percent (21.7 percent
for the placebo group minus 17.3 percent for the
gemfibrozil group). Thus, in a population similar to
the one in this study, 23 patients would need to be
treated with gemfibrozil for five years to prevent one
nonfatal myocardial infarction or death due to coro-
nary heart disease (the “five-year number needed to
treat”). The magnitude of the benefit of gemfibrozil
in this population is similar to that of pravastatin in
populations with average-to-moderately-high levels

of LDL cholesterol. For example, in the Cholesterol
and Recurrent Events (CARE) study (average LDL
cholesterol level, 139 mg per deciliter [3.6 mmol per
liter]) and the Long-Term Intervention with Prava-
statin in Ischaemic Disease (LIPID) study (average
LDL cholesterol level, 150 mg per deciliter [3.9 mmol
per liter]), the five-year numbers needed to treat to
prevent one nonfatal myocardial infarction or death
from coronary heart disease were 33 and 28, respec-
tively.2,3 The low numbers needed to treat to prevent
major cardiovascular events in our study suggest that
gemfibrozil, an inexpensive medication, may prove
highly cost effective, if not cost saving, for the treat-
ment of patients with coronary heart disease who have
this particular lipid profile.19,20 Formal cost-effective-
ness analysis will be necessary to evaluate this ques-
tion further.

Several possible mechanisms, including an increase
in HDL cholesterol, improvement in triglyceride me-
tabolism, and favorable effects on the size and com-
position of LDL and on hemostasis, might explain
the observed clinical benefit. The 22 percent reduc-
tion in major cardiac events (relative to placebo) as-
sociated with a 6 percent increase in HDL choles-
terol is consistent with an analysis of the results of
the Helsinki Heart Study, a primary-prevention trial
with gemfibrozil, which suggested that an 8 percent
increase in HDL cholesterol would be expected to
result in a 23 percent reduction in such events.21

HDL is thought to exert an antiatherogenic effect
through its role in “reverse cholesterol transport,” in
which cholesterol from peripheral tissues, including
the arterial wall, is transported back to the liver for
excretion.22 HDL may also act to prevent atheroscle-
rosis by transporting antioxidants to LDL, thus mak-
ing LDL less susceptible to oxidation within the en-
dothelium.23 Furthermore, a low HDL cholesterol

*The other causes of death in the placebo group
were sepsis (6 patients), aortic aneurysm (2), endo-
carditis (2), hepatobiliary disease (2), peripheral vas-
cular disease (2), acquired immunodeficiency syn-
drome (1), aortic dissection (1), pancreatitis (1), renal
failure (1), and amyotrophic lateral sclerosis (1). In
the gemfibrozil group they were sepsis (10), aortic
aneurysm (3), hepatobiliary disease (3), hypoxic en-
cephalopathy (2), gastrointestinal bleeding (2), renal
failure (2), peripheral vascular disease (2), Alzheimer’s
disease (1), pancreatitis (1), ischemic colitis (1), dia-
betic ketoacidosis (1), subdural hematoma (1), sei-
zure (1), and intraoperative hemorrhage (1).

†All cancers are included except nonmelanoma
skin cancers.

‡P=0.01 by chi-square analysis of the difference
between groups. There were no other significant dif-
ferences.

§The columns do not add up to the total number
because some patients had more than one type of
cancer.

TABLE 4. INCIDENCE OF DEATH FROM 
VARIOUS CAUSES AND INCIDENCE OF 

NEWLY DIAGNOSED CANCERS ACCORDING 
TO TREATMENT GROUP.

CAUSE OF DEATH

OR TYPE OF CANCER

PLACEBO

(N=1267)
GEMFIBROZIL

(N=1264)

no. (%)

Cause of death

Coronary heart disease
Cancer
Respiratory disease
Stroke
Violence or accident
Other*
Unknown
Total

118 (9.3)
51 (4.0)
12 (0.9)
9 (0.7)
5 (0.4)

19 (1.5)
6 (0.5)

220 (17.4)

93 (7.4)
45 (3.6)
21 (1.7)
3 (0.2)
2 (0.2)

31 (2.5)
3 (0.2)

198 (15.7)

Type of cancer†

Prostate
Gastrointestinal
Lung
Urinary tract
Hematologic
Head and neck
Melanoma‡
Other
Total§

37 (2.9)
25 (2.0)
24 (1.9)
17 (1.3)
11 (0.9)
8 (0.6)
9 (0.7)
8 (0.6)

138 (10.9)

55 (4.4)
18 (1.4)
20 (1.6)
11 (0.9)
6 (0.5)
5 (0.4)
1 (0.1)

15 (1.2)
125 (9.9)

*Information on reasons for the discontinuation
of study medication was available for 277 subjects in
the placebo group and 291 in the gemfibrozil group.
The percentages given are of these numbers.

TABLE 5. REASONS FOR DISCONTINUATION 
OF THE STUDY MEDICATION.*

REASON PLACEBO GEMFIBROZIL

no. (%)

Request by patient
Side effect
Other

79 (29)
146 (53)

85 (29)
143 (49)

Decision by physician
Concern about safety 

or adverse event
Other

15 (5)

9 (3)

19 (7)

13 (4)
Initiation of other lipid 

therapy
28 (10) 31 (11)
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level is often accompanied by a cluster of other ab-
normalities that predispose the patient to the devel-
opment of atherosclerotic disease.24,25 Often referred
to as the metabolic syndrome, these abnormalities,
usually seen in the context of abdominal obesity and
insulin resistance, include hypertension, diabetes, per-
sistence of highly atherogenic postprandial triglycer-
ide-rich remnant lipoproteins, a preponderance of
dense, highly oxidizable LDL particles, and a proco-
agulant state.24,26,27 Gemfibrozil may have favorable
effects on these lipid abnormalities; specifically, it de-
creases the fraction of dense, more oxidizable LDL
particles and improves the clearance, and hence the
fasting and postprandial levels, of triglyceride-rich
lipoproteins, including very-low-density lipoproteins
and chylomicrons.28-30 These mechanisms may have
contributed to the favorable clinical effect of gem-
fibrozil in the population we studied, which was
characterized by a high prevalence of features of the
metabolic syndrome.

Gemfibrozil use was not associated with any ma-
jor adverse events in this trial. The overall incidence
of cancer was slightly lower among patients receiv-
ing gemfibrozil, and no specific type of cancer was
significantly more common in the gemfibrozil group.
In fact, melanoma was significantly less common, a
finding also reported in a recent trial of lovastatin.31

Gemfibrozil was also associated with an 11 percent
reduction in overall mortality (95 percent confidence
interval, ¡8 to 27 percent; P=0.23). Although this
reduction is not statistically significant, as anticipat-
ed on the basis of the sample size, it is reassuring
that the trend favors gemfibrozil and that deaths due
to cancer and violence were less common in the gem-
fibrozil group. It should be noted, however, that al-
though gemfibrozil proved safe and effective in this
population, concern about a possible increase in can-
cer-related deaths has been aroused by prior studies
of fibrates.32,33 Ongoing follow-up of the population
in this study will provide additional useful informa-
tion about the long-term safety of gemfibrozil.

Gemfibrozil was generally well tolerated in this
population of elderly men with multiple coexisting
illnesses. Although significantly more patients who
received gemfibrozil reported gastrointestinal upset,
compliance with study medication was not signifi-
cantly affected; by the end of the study, 71 percent
of the patients in both treatment groups were still
taking their assigned study medications. This rate
compares favorably with compliance in most other
long-term primary-prevention trials, including those
with statins,31,34 but is lower than that reported from
recent secondary-prevention studies.1-3 Compliance
may have been lower in our study than in other sec-
ondary-prevention studies because our patients had
more coexisting illnesses and were probably taking
more concomitant medications.

In conclusion, our study and other recent second-

ary-prevention trials give clinicians the data neces-
sary to provide evidence-based lipid therapy for in-
dividual patients with coronary disease according to
their predominant lipid abnormality. For patients
with moderate or high levels of LDL cholesterol, the
Scandinavian Simvastatin Survival Study and the
CARE and LIPID studies demonstrate that statins
reduce the incidence of major coronary events.1-3 It
is uncertain, however, whether statins are beneficial
for patients with LDL cholesterol levels of less than
130 mg per deciliter; secondary analyses from recent
trials yield conflicting results.35-37 For such patients
who also have low HDL cholesterol levels, our study
demonstrates that gemfibrozil results in a significant
reduction in the risk of major cardiovascular events.
Moreover, the 22 percent relative reduction in the
risk of major coronary events observed with gemfib-
rozil in this population is similar to the reduction of
23 to 24 percent in risk in the two recent secondary-
prevention trials of pravastatin in patients with mod-
erate levels of LDL cholesterol.2,3 Thus, for patients
with coronary heart disease whose primary lipid ab-
normality is a low HDL cholesterol level — a find-
ing that often occurs in the context of central obe-
sity, diabetes, and other features of the metabolic
syndrome — gemfibrozil is effective for the preven-
tion of myocardial infarction and death from coro-
nary heart disease.

Supported by the Cooperative Studies Program of the Department of
Veterans Affairs Office of Research and Development and by a supplemen-
tal grant from Parke-Davis, a division of Warner-Lambert.

Dr. Schaefer is a consultant for Parke-Davis and Warner-Lambert. Dr.
Faas is a shareholder in Warner-Lambert. Drs. Anderson, Schaefer, and
Schectman receive grant support from the Parke-Davis Division of Warner-
Lambert.

We are indebted to Mary Bauer and Lucy Kraml for assistance
with the preparation of the manuscript.

APPENDIX

The following persons participated in the VA-HIT trial (asterisks indi-
cate principal investigators): Ann Arbor, Mich. — W. Kou,* G.B.J. Man-
cini,* S. Sample, and N. Champagne; Boston — W.E. Boden,* H. Klein-
man,* C. Chapin, D. Gilroy-Fanaras, N. Aicardi, L. Kerry, and D.
LeFebvre; Chicago — M.A. Papp,* R. Molokie,* S. Stanford, K. Oberg,
T. Redmond, S. Monreal, and H. Thomas; Cincinnati — L.F. Wexler,* J.
Shaffer,* E. Snow, M. Story, and K. Johnson; Fresno, Calif. — P.C. Deed-
wania,* E. Murphy, E. Bugay, K. Marshall, L. Cleary, J. King, K. Butler,
and R. Kanefield; Houston — D.L. Mann,* P. Kuo,* C. Tyler, D. Espadas,
and A. Chee; Huntington, W.Va. — R.C. Touchon,* S. Cansino, K.
Peart, C. Harless, and M. Babb; Lexington, Ky. — B. Smith, L. Buchanan,
K. Cox, J.E. Logan, and P. Boggs; Little Rock, Ark. — S. Thomas, J.
Washam, C. Jones, L. Frazier, D. Holderfield, M. Sanders, and K. Ridings;
Long Beach, Calif. — M.L. Kashyap,* J. Hagar,* N. Downey, R. Knight,
J.R. Saleh, P. Rahimi, and J. Wallis; Louisville, Ky. — S.A. Joseph,* E.
Samols,* S. Wagner,* D. Kinny, L. Pignatora, and T. Sugg; Manchester,
N.H. — M. Mayo-Smith,* M. Carson, L. Lavoie, D. Gillie, D. Havron,
and H. Croteau; Memphis, Tenn. — G. Rutan,* L. Harris (deceased), J.
Pinson, R. Childress, R. Manning, and M. Jones; Milwaukee — S. Ristow,
C. Brandt, and C. Parker; Minneapolis — J. Karvonen, L. Schlasner, M.
Nelson, and D. Rootes; Portland, Oreg. — H. DeMots,* E. Murphy,* L.
Gray, K. Martin, S. Bagnoli, T. Tucker, K. Moran, and J. Guzman; Salem,
Va. — A. Iranmanesh,* D.C. Russell,* S. Clary, C. Stephens, L. Wertz, and
L. Plichta; San Juan, P.R. — M.S. Velazquez and M. De Lourdes Cruz;
Washington, D.C. — V. Papademetriou,* M. Metcalfe, and P. Dandenau;
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West Los Angeles, Calif. — J.M. Hershman,* B.N. Singh,* P. McCloy,
D. Kistner, and K. Goddart; Veterans Affairs Cooperative Studies Pro-
gram Coordinating Center, West Haven, Conn. — P.N. Peduzzi, M.K.
Iwane, P. Antonelli, R. Bartozzi, C. Cushing, R. Kilstrom, R. Vinisko, J.
Derrico, J. Brennan, J. Pritchett, and C. Harris; Veterans Affairs Coop-
erative Studies Program Clinical Research Pharmacy Coordinating
Center, Albuquerque, N.M. — M.R. Sather, W.H. Gagne, C.A. Badgett,
F. Lueddeke, J.D. Recio, Jr., and C. Sanchez; Veterans Affairs Coopera-
tive Studies Program Headquarters, Washington, D.C. — J.R. Feuss-
ner, D. Deykin, P.C. Huang, and J. Gold; Central Lipid Laboratory, Bos-
ton — J.R. McNamara, C. Huang, T. Massov, and C. DeLuca;
Electrocardiographic Coding Center, Minneapolis — R.S. Crow, M.
McDonald, C. Swanson, C. Christianson, and J. Watchke; Nutrition Con-
sultant, Richmond, Va. — K. Smith; Committees — Data Monitoring
Board: T.A. Pearson, A.M. Gotto, K.R. Bailey, B.R. Davis, A.F. Parisi,
B.M. Rifkind, and R. Zelis; Other committee members: D.J. Gordon, R.
Lakshman, J. Davenport, V. Babikian, and L. Brass.

REFERENCES

1. Scandinavian Simvastatin Survival Study Group. Randomised trial of 
cholesterol lowering in 4444 patients with coronary heart disease: the 
Scandinavian Simvastatin Survival Study (4S). Lancet 1994;344:1383-9.
2. Sacks FM, Pfeffer MA, Moye LA, et al. The effect of pravastatin on cor-
onary events after myocardial infarction in patients with average cholesterol 
levels. N Engl J Med 1996;335:1001-9.
3. The Long-Term Intervention with Pravastatin in Ischaemic Disease 
(LIPID) Study Group. Prevention of cardiovascular events and death with 
pravastatin in patients with coronary heart disease and a broad range of ini-
tial cholesterol levels. N Engl J Med 1998;339:1349-57.
4. Rubins HB, Robins SJ, Collins D, et al. Distribution of lipids in 8,500 
men with coronary artery disease. Am J Cardiol 1995;75:1196-201.
5. Genest JJ, McNamara JR, Salem DN, Schaefer EJ. Prevalence of risk 
factors in men with premature coronary artery disease. Am J Cardiol 1991;
67:1185-9.
6. Pekkanen J, Linn S, Heiss G, et al. Ten-year mortality from cardiovas-
cular disease in relation to cholesterol level among men with and without 
preexisting cardiovascular disease. N Engl J Med 1990;322:1700-7.
7. Gordon DJ, Rifkind BM. High-density lipoprotein — the clinical impli-
cations of recent studies. N Engl J Med 1989;321:1311-6.
8. Goldbourt U, Yaari S, Medalie JH. Isolated low HDL cholesterol as a 
risk factor for coronary heart disease mortality: a 21-year follow-up of 8000 
men. Arterioscler Thromb Vasc Biol 1997;17:107-13.
9. Rubins HB, Robins SJ, Iwane MK, et al. Rationale and design of the 
Department of Veterans Affairs High-Density Lipoprotein Cholesterol In-
tervention Trial (HIT) for secondary prevention of coronary artery disease 
in men with low high-density lipoprotein cholesterol and desirable low-
density lipoprotein cholesterol. Am J Cardiol 1993;71:45-52.
10. Iwane MK, Wittes J, Collins DE, Rubins HB. Simultaneous screening 
for three correlated lipids in the VA HDL Intervention Trial. J Clin Epide-
miol 1999;52:685-93.
11. Schaefer EJ, Lamon-Fava S, Cole T, et al. Effects of regular and ex-
tended-release gemfibrozil on plasma lipoproteins and apolipoproteins in 
hypercholesterolemic patients with decreased HDL cholesterol levels. Ath-
erosclerosis 1996;127:113-22.
12. Friedewald WT, Levy RI, Frederickson DS. Estimation of the concen-
tration of low-density lipoprotein cholesterol in plasma, without use of the 
preparative ultracentrifuge. Clin Chem 1972;18:499-502.
13. Prineas RJ, Crow RS, Blackburn H. The Minnesota code manual of 
electrocardiographic findings: standards and procedures for measurement 
and classification. Boston: John Wright/PSG, 1982.
14. Lakatos E. Sample size determination in clinical trials with time-depend-
ent rates of losses and noncompliance. Control Clin Trials 1986;7:189-
99.
15. Mantel N. Evaluation of survival data and two new rank order statistics 
arising in its consideration. Cancer Chemother Rep 1966;3:163-70.

16. Cox DR. Regression models and life-tables. J R Stat Soc [B] 1972;34:
187-202.
17. Lan KKG, Wittes J. The B-value: a tool for monitoring data. Biomet-
rics 1988;44:579-85.
18. Rubins HB, Robins SJ, Collins D. The Veterans Affairs High-Density 
Lipoprotein Intervention Trial: baseline characteristics of normocholester-
olemic men with coronary artery disease and low levels of high-density lip-
oprotein cholesterol. Am J Cardiol 1996;78:572-5.
19. Miller DB. Secondary prevention for ischemic heart disease: relative 
numbers needed to treat with different therapies. Arch Intern Med 1997;
157:2045-52.
20. Goldman L, Gordon DJ, Rifkind BM, et al. Cost and health implica-
tions of cholesterol lowering. Circulation 1992;85:1960-8.
21. Manninen V, Elo MO, Frick MH, et al. Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. 
JAMA 1988;260:641-51.
22. Hill SA, McQueen MJ. Reverse cholesterol transport — a review of 
the process and its clinical implications. Clin Biochem 1997;30:517-25.
23. Mackness MI, Abbott CA, Arrol S, Durrington PN. The role of high-
density lipoprotein and lipid-soluble antioxidant vitamins in inhibiting low-
density lipoprotein oxidation. Biochem J 1993;294:829-34.
24. Grundy SM. Small LDL, atherogenic dyslipidemia, and the metabolic 
syndrome. Circulation 1997;95:1-4.
25. Ginsberg HN. Is hypertriglyceridemia a risk factor for atherosclerotic 
cardiovascular disease? A simple question with a complicated answer. Ann 
Intern Med 1997;126:912-4.
26. Zavaroni I, Bonora E, Pagliara M, et al. Risk factors for coronary ar-
tery disease in healthy persons with hyperinsulinemia and normal glucose 
tolerance. N Engl J Med 1989;320:702-6.
27. Lamarche B, Tchernof A, Mauriege P, et al. Fasting insulin and apo-
lipoprotein B levels and low-density lipoprotein particle size as risk factors 
for ischemic heart disease. JAMA 1998;279:1955-61.
28. Yuan J, Tsai MY, Hunninghake DB. Changes in composition and dis-
tribution of LDL subspecies in hypertriglyceridemic and hypercholester-
olemic patients during gemfibrozil therapy. Atherosclerosis 1994;110:1-
11.
29. Weintraub MS, Eisenberg S, Breslow JL. Different patterns of post-
prandial lipoprotein metabolism in normal, type IIa, type III, and type IV 
hyperlipoproteinemic individuals: effects of treatment with cholestyramine 
and gemfibrozil. J Clin Invest 1987;79:1110-9.
30. Bhatnagar D, Durrington PN, Mackness MI, Arrol S, Winocour PH, 
Prais H. Effects of treatment of hypertriglyceridaemia with gemfibrozil on 
serum lipoproteins and the transfer of cholesteryl ester from high density 
lipoproteins to low density lipoproteins. Atherosclerosis 1992;92:49-57.
31. Downs JR, Clearfield M, Weis S, et al. Primary prevention of acute 
coronary events with lovastatin in men and women with average cholester-
ol levels: results of AFCAPS/TexCAPS. JAMA 1998;79:1615-22.
32. A co-operative trial in the primary prevention of ischaemic heart dis-
ease using clofibrate: report from the Committee of Principal Investigators. 
Br Heart J 1978;40:1069-118.
33. Huttunen JK, Heinonen OP, Manninen V, et al. The Helsinki Heart 
Study: an 8.5-year safety and mortality follow-up. J Intern Med 1994;235:
31-9.
34. Shepherd J, Cobbe SM, Ford I, et al. Prevention of coronary heart dis-
ease with pravastatin in men with hypercholesterolemia. N Engl J Med 
1995;333:1301-7.
35. Sacks FM, Moye LA, Davis BR, et al. Relationship between plasma 
LDL concentrations during treatment with pravastatin and recurrent cor-
onary events in the Cholesterol and Recurrent Events trial. Circulation 
1998;97:1446-52.
36. Pedersen TR, Olsson AG, Faergeman O, et al. Lipoprotein changes 
and reduction in the incidence of major coronary heart disease events in 
the Scandinavian Simvastatin Survival Study (4S). Circulation 1998;97:
1453-60.
37. Grundy SM. Statin trials and goals of cholesterol-lowering therapy. 
Circulation 1998;97:1436-9.

Downloaded from www.nejm.org by THOMAS W. BARRETT MD on July 14, 2003.
Copyright (c) 1999 Massachusetts Medical Society. All rights reserved.


