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Background: The high-density lipoprotein (HDL) cholesterol
level is a strong predictor of cardiovascular events in epidemio-
logic studies. Until recently, it has been less extensively studied as
a therapeutic target.

Objective: To assess the angiographic and clinical effects of a
pharmacologic strategy to increase HDL cholesterol levels.

Design: Randomized, double-blind, placebo-controlled trial con-
ducted from 1993 to 1996.

Setting: Outpatient specialty clinic of a large U.S. military med-
ical center.

Participants: 143 military retirees younger than 76 years of age
with low HDL cholesterol levels and angiographically evident cor-
onary disease.

Intervention: Gemfibrozil, niacin, and cholestyramine or corre-
sponding placebos, with aggressive dietary and lifestyle interven-
tion at baseline.

Measurements: Change from baseline to 30 months and a
composite measure of clinical events that included hospitalization
for angina, myocardial infarction, transient ischemic attack and
stroke, death, and cardiovascular procedures.

Results: At baseline, mean (xSD) lipid values were as follows:
total cholesterol, 5.1 + 0.8 mmol/L (196 + 31 mg/dL); low-density
lipoprotein (LDL) cholesterol, 3.3 + 0.7 mmol/L (128 + 27 mg/dL);
and HDL cholesterol, 0.9 + 0.2 mmol/L (34 + 6 mg/dL). Compared
with placebo, the pharmacologically treated group experienced a

20% (95% Cl, 14.8% to 24.3%) decrease in total cholesterol
level, a 36% (Cl, 28.4% to 43.5%) increase in HDL cholesterol
level, a 26% (Cl, 19.1% to 33.7%) decrease in LDL cholesterol
level, and a 50% (Cl, 40.5% to 59.2%) reduction in triglyceride
levels. Focal coronary stenosis increased by 1.4% in the placebo
group but decreased by 0.8% in the drug group (difference, —2.2
percentage points [Cl, —4.2 to —0.1 percentage points]). A com-
posite cardiovascular event end point was reached in 26% of
patients in the placebo group and 13% of those in the drug group
(difference, 13.7 percentage points [Cl, 0.9 to 26.5 percentage
points]). Side effects, particularly flushing and gastrointestinal in-
tolerance, were more common in the drug group but rarely led to
withdrawal from the study.

Limitations: The study was small and used a composite clinical
outcome. Whether improvements in angiographic findings were
due to reductions in LDL cholesterol or increases in HDL choles-
terol was not established. Flushing may have led to inadvertent
unblinding in patients who were randomly assigned to active
study drugs.

Conclusions: A combination regimen aimed at increasing HDL
cholesterol levels improves cholesterol profiles, helps prevent an-
giographic progression of coronary stenosis, and may prevent
cardiovascular events in some people who exercise regularly and
eat low-fat diets.
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Large epidemiologic studies have repeatedly demon-
strated that cardiovascular risk increases proportionally
with increasing total cholesterol and low-density lipopro-
tein (LDL) cholesterol levels and decreasing high-density
lipoprotein (HDL) cholesterol levels (1, 2). Although
many studies have documented that statins, drugs that pri-
marily reduce LDL cholesterol levels, significantly reduce
the risk for cardiovascular events (3-7), prospective studies
that examine the clinical effects of increasing HDL choles-
terol levels have been more limited. The Coronary Drug
Project first reported evidence of a mortality benefit in
patients treated with niacin; however, the difference was
seen long after withdrawal of the study drug, making the
mechanism of benefit less clear (8). The Helsinki Heart
Study (9) examined the use of gemfibrozil in primary pre-
vention. Coronary events were reduced by 34%, but the
increase in HDL cholesterol level was modest (only 11%).
The Bezafibrate Infarction Prevention Trial failed to show
a reduction in cardiovascular events in the composite pop-

ulation, although a recent reanalysis of the data suggests an
improved outcome in patients experiencing a greater in-
crease in HDL cholesterol level (10).

The Veterans Affairs HDL Intervention Trial (VA-
HIT) (11) demonstrated a modest reduction in coronary
events when gemfibrozil was used in patients with normal
levels of LDL cholesterol and low levels of HDL choles-
terol. The authors ascribed most of the reduction in clini-
cal events to the improvement in HDL cholesterol, al-
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Context

Most trials that address lipid management focus on reduc-
ing low-density lipoprotein (LDL) cholesterol levels rather

than increasing high-density lipoprotein (HDL) cholesterol

levels.

Contribution

In this double-blind trial, 143 military retirees with low
HDL cholesterol levels and coronary artery disease were
randomly assigned to placebo or aggressive HDL choles-
terol-increasing therapy with gemfibrozil, niacin, and cho-
lestyramine for 30 months. All participants received diet
and exercise counseling. Compared with the placebo
group, the treated group had a 20% decrease in total
cholesterol level; a 36% increase in HDL cholesterol level;
less focal coronary stenosis; fewer total cardiovascular
events; and more flushing, skin rashes, and abdominal
symptoms.

Cautions

The small trial had limited ability to assess clinical out-
comes.

—The Editors

though the overall improvement was only approximately
6% with drug therapy. More recently, a combination of a
statin (simvastatin) with niacin was found to favorably
modify both HDL cholesterol and LDL cholesterol levels
and reduce cardiovascular events compared with both pla-
cebo therapy and underlying treatment with antioxidants
in a cohort of 160 patients with coronary disease (12).
Despite a significant increase in mean HDL cholesterol
levels, the overwhelming treatment effect in this study was
the reduction in LDL cholesterol level (42% in the treat-
ment group).

The most suggestive evidence of benefit from an in-
crease in HDL cholesterol level has come from trials assess-
ing the effect on coronary stenosis. Trials of quantitative
angiography after monotherapy with fibrates (13), as well
as combinations of medications that both reduce LDL cho-
lesterol levels and increase HDL cholesterol levels (14-18),
have shown an attenuation in angiographic progression.
Nissen and colleagues (19) recently took this theory a step
further by demonstrating that an infusion of a recombi-
nant form of HDL, apolipoprotein A-I Milano, can lead to
regression of angiographic stenosis as assessed by intravas-
cular ultrasonography.

We undertook the Armed Forces Regression Study
(AFREGS) in 1993 to determine whether coronary athero-
sclerosis, assessed by quantitative coronary angiography
and clinical coronary events, would improve when combi-
nation drug therapy focused on increasing HDL choles-
terol levels in a sample of patients with fairly normal LDL
cholesterol levels and low HDL cholesterol levels. A pilot
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study by Whitney and colleagues (20) showed the feasibil-
ity of this trial design, and the safety of using these drugs in
combination has been previously established (21).

METHODS
Patients

Participants living within a 150-mile radius of Wilford
Hall Medical Center in San Antonio, Texas, who could
provide written informed consent were eligible for enroll-
ment. We recruited men and women younger than 76
years of age who had established or suspected coronary
artery disease (positive results on an exercise treadmill test
or classic angina) and did not have unstable symptoms. We
allowed LDL cholesterol levels up to 4.1 mmol/L (160
mg/dL) with HDL cholesterol levels less than 1.0 mmol/L
(40 mg/dL) after adherence to the American Heart Asso-
ciation (AHA) step Il diet for at least 6 months. We set no
lower limit to either HDL cholesterol or LDL cholesterol
level. Each patient was required to have measurable steno-
sis between 30% and 80% of the luminal diameter within
the coronary tree by caliper inspection. Patients with ste-
nosis greater than 80% were eligible if they had a favorable
prognosis based on functional testing (ability to exercise for
>9 minutes on a full Bruce protocol exercise treadmill
test).

Exclusions included a major vascular event (myocar-
dial infarction, cerebrovascular accident, coronary artery
bypass grafting, or other coronary catheter—based interven-
tion) within 6 months, a history of congestive heart failure
(other than in the setting of myocardial infarction), or a
left ventricular ejection fraction less than 0.4 on ventricu-
lography. Other exclusion criteria included alcohol or sub-
stance abuse within the past year, uncontrolled arrhyth-
mias, resistant hypertension, diabetes, uncontrolled gout,
uncontrolled thyroid disease, liver or gall bladder disease,
renal dysfunction (creatinine concentration > 176.8
wmol/L [>2.0 mg/dL] or proteinuria greater than 2+ by
dipstick or 500 mg/24 h), uncontrolled peptic ulcer dis-
ease, or pancreatic disorders. In addition, we excluded pa-
tients taking any lipid-modifying medications within 4
weeks of randomization, heparin or coumarin-type antico-
agulants, long-term oral corticosteroid therapy, or other
immunosuppressive agents. We also excluded patients if
they had hypersensitivity to or history of intolerance that
required cessation of therapy for any component of gemfi-
brozil, nicotinic acid, cholestyramine, aspirin, or nitrates.
Other exclusion criteria were the potential for childbear-
ing, technically inadequate coronary arteriography for ste-
nosis quantification, or any serious condition that we
thought would compromise participation in the study or
preclude survival for the duration of the study.

We thoroughly informed participants of the details of
the study. Each patient voluntarily enrolled and signed an
informed consent statement that the Wilford Hall Medical
Center Institutional Review Board reviewed and approved.
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Figure 1. Flow of patients through the study.
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From screening laboratory records, we identified 1290
participant candidates and invited them to participate (Fig-
ure 1). Of the 847 patients who attended the “introduc-
tory briefing,” 671 met LDL cholesterol and HDL choles-
terol entry criteria on fasting lipid analysis. Of the 269
participants who eventually provided informed consent, 55
subsequently withdrew for personal reasons, most com-
monly citing a fear of cardiac catheterization, and an addi-
tional 27 met an exclusion criterion. Of the 187 partici-
pants who completed the 6-month lifestyle modification
phase and underwent coronary angiography, 44 were ex-
cluded after initial coronary arteriography; 27 had exten-
sive coronary disease necessitating revascularization (percu-
taneous coronary intervention in 3 patients and coronary
artery bypass grafting in 24 patients), and 17 had insignif-
icant coronary disease on angiography. Thus, we eventually
randomly assigned 143 patients (11% of those initially
contacted) to either pharmacologic therapy or placebo.
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Niacin (started at 250 mg/d and titrated to 3 g/d)
Cholestyramine (started at 2 g/d and titrated to 16 g/d)

Patients excluded (n = 14) Patients excluded (n = 26)
Discontinued therapy: 5 € > Discontinued therapy: 7
Had clinical events: 9 Had clinical events: 19

4
Patients underwent final cardiac Patients underwent final cardiac
catheterization (n = 66) catheterization (n = 62)
Patients included in final Patients included in final
analysis (n = 71) analysis (n = 72)
Protocol

After inclusion and exclusion criteria were met, a 6- to
8-month run-in period was performed to ensure that pa-
tients could adhere to the prescribed diet. During this
phase, all patients received diet counseling from a study
dietitian, exercise guidance from an exercise specialist, and
smoking cessation advice. All study participants committed
to attending a bimonthly food show for training in the
AHA step II diet, with reinforcing presentations from the
dietitian, exercise specialist, and cardiologist that discussed
cardiac risk factor modification.

We randomly assigned each participant by using a
computer-generated randomization schedule. The central
pharmacy held the code, and the information was not
shared with physicians or patients until the completion of
the protocol. Patients were randomly assigned to 1 of 2
treatment groups: pharmacologic therapy with gemfibrozil,
niacin, and cholestyramine or conventional therapy. The
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goal of therapy was to increase HDL cholesterol level by at
least 25%. The study was double-blind and placebo-
controlled. The pharmaceutical company prepared all
medications and placebos, and the central pharmacy dis-
pensed them at 30-day intervals. The pharmacologic ther-
apy group began receiving gemfibrozil, 600 mg twice per
day. Short-acting niacin was added in the third month at a
dosage of 250 mg/d and was titrated to 3000 mg/d as
tolerated. Cholestyramine was added in the sixth month,
and the dosage was titrated to 16 g/d as tolerated. The
conventional therapy group was maintained on the AHA
step II diet and applicable matching placebos for the dura-
tion of the investigation. If LDL cholesterol levels exceeded
4.14 mmol/L (160 mg/dL) during the trial, cholestyramine
was administered in an open-label fashion.

Participants visited 1 clinic on a monthly basis for the
duration of the study. At each monthly visit, clinicians
measured vital signs and weight, counted unused study
drugs, reviewed changes in medications or medical status,
provided new supplies of study drugs, and sampled fasting
blood. We obtained full lipid profiles (including measured
LDL cholesterol level), liver enzyme levels, and fasting
blood glucose level monthly for the first 6 months and
then bimonthly for the remainder of the study. We per-
formed a directed interview, cardiovascular review of sys-
tems, and physical examination at 3-month intervals.

At the baseline catheterization, we obtained 5 views of
the left coronary artery and 3 views of the right coronary
artery. These views gave at least 1 clear look at each coro-
nary segment and formed 4 pairs of perpendicular views
that were suitable for biplane quantitative analysis. We re-
corded the use of nitrates and other vasoactive drugs and
the sequence of arteriographic projections, x-ray field, and
catheter size. These conditions were duplicated at the fol-
low-up catheterization 30 months later.

Change in the severity of coronary disease was assessed
quantitatively in the core laboratory of one of the authors.
The techniques used to assess luminal stenosis in this lab-
oratory have been previously described (12, 14). In assess-
ment angiograms at baseline and follow-up, 2 experienced
observers were blinded to the patients’ identity and treat-
ment group and to the sequence of films. Each of the 2
films, which were obtained 30 months apart, had its leader
cut off and was labeled only with a study code. The ob-
servers viewed the pairs of films simultaneously side by side
at 5-fold magnification in a dual overhead projector system
(Vanguard Instrument Corp., Melville, New York). A ref-
erence frame was marked so that specific frames could be
located and a detailed coronary map was drawn to locate
each lesion that had at least 20% stenosis.

Technicians selected 2 cine frames taken at the same
point in the cardiac cycle as good-quality, representative
images of each lesion. Whenever possible, they chose 2
frames from each of 2 perpendicular views of the lesion.
On the basis of direct visual comparison, technicians clas-
sifed lesions by consensus as “unchanged” or “possibly
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changed.” For “possibly changed” lesions, a third frame
was selected for each view from each film. They designated
the lesion causing the worst stenosis in each of the 9 prox-
imal segments as the proximal lesion for that segment. If
no lesions could be identified in a given proximal segment,
they measured a length of “normal” vessel. They also mea-
sured other less severe lesions in these 9 segments and le-
sions in the more distal branches. They excluded lesions at
the catheter tip from analysis.

Technicians manually traced the borders of each lesion
and the catheter from the selected frames onto a standard
form. For lesions classified as “unchanged” or “definitely
changed,” 2 selected frames were traced for each view. For
“possibly changed” lesions, 3 frames were traced for each
view, each by 2 technicians. An experienced technician re-
viewed all tracings for accuracy, and the tracings were then
digitized and processed by using techniques that were de-
veloped and validated in the core laboratory. For each of
the 9 coronary segments with at least 20% stenosis, we
measured the diameter (in mm) ac the point of greatest
local narrowing (minimal diameter), with the catheter used
as a scaling factor. We then measured the diameters of at
least 2 normal proximal segments in similar fashion and
averaged them to obtain the normal diameter for that cor-
onary segment. We calculated the mean percentage of ste-
nosis for each segment by using the following equation:
percentage of stenosis = 100 X (1 — minimal diameter/
normal diameter).

To obtain 1 measure of global coronary atherosclerosis
for each patient, we averaged the percentage of stenosis in
each diseased segment (minimum of 1 to maximum of 9).
This allowed for a simple assessment of effect of the clinical
intervention.

When study patients developed symptoms suggestive
of an acute coronary syndrome, they were referred to our
emergency department and were evaluated by physicians
who were not involved in the investigation. Major adverse
events were defined as hospitalization for angina, myocar-
dial infarction, angioplasty, or coronary artery bypass sur-
gery; stroke or transient ischemic event; and death. We
collected data on these events by using a standardized ques-
tionnaire, and an independent, blinded end point commit-
tee adjudicated all serious events (deaths, myocardial in-
farction, and stroke or transient ischemic events). Each
patient contributed only 1 event to the total of major ad-
verse events in each treatment group.

Statistical Analysis

The primary outcome was the percentage change in
global angiographic stenosis from baseline to the end of the
treatment period. Secondary outcomes included a com-
bined clinical end point of hospitalization for angina, myo-
cardial infarction, transient ischemic attack and stroke, per-
cutaneous intervention, coronary bypass, or death, as well
as the individual components of this outcome. We also
intended to compare body weight, body mass index (BMI),

www.annals.org



Table 1. Baseline Data of Patients Randomly Assigned in the Armed Forces Regression Study*
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Characteristic

Age, y
Women, %
History of hypertension, %
History of angina, %
History of myocardial infarction, %
Previous smoker, %
Active smoker, %
Weight, /b
Body mass index, kg/m?
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hg
Medications, %

Aspirin

B-Blocker

Calcium-channel blocker

Nitrates
Fasting blood glucose level, mmol/L (mg/dL)
Total cholesterol level, mmol/L (mg/dL)
LDL cholesterol level, mmol/L (mg/dL)
HDL cholesterol level, mmol/L (mg/dL)
Triglyceride level, mmol/L (mg/dL)
ALT level, U/L
Fibrinogen level, U/L

Drug Therapy Group
(n=71)

633 =*75
9.9
71.8
64.8
451
85.9
7.0
180.2 = 28.3
263 *+34
139.0 £ 17.8
753 9.8

88.7

32.4

49.3

33.8
2103813 £13.1)
5.0 £ 0.9 (194.2 * 34)
3.3 +£0.7(126.1 £ 28.7)
09 *0.2(34.1x6.1)
1.9+ 09 (1685 + 81.5)

25.2 =391

289.1 £ 67.6

Placebo Group (n = 72)

63.1 6.8
5.6
70.8
65.3
a41.7
83.3
9.7
185.6 = 27.8
267 +40
138.9 £ 17.0
763 9.4

90.3

36.1

51.4

29.2
2.1 +£0.4(823 *14.2)
5.1+ 0.7 (198.1 £ 26.9)
3.4 £ 0.6 (130.5 = 24.0)
09 *+0.1(34 £54)
1.9 +0.9(168.0 = 81.1)

19.9 £ 105

288.5 + 69.3

* Values expressed with a plus/minus sign are means = 1 SD. ALT = alanine aminotransferase; HDL = high-density lipoprotein; LDL = low-density lipoprotein.

systolic blood pressure, diastolic blood pressure, fasting
blood glucose level, HDL cholesterol level, LDL choles-
terol level, total cholesterol level, triglyceride level, and ala-
nine aminotransferase level during active therapy. We col-
lected 3-day diet histories, including calorie and dietary
component counts, by using the Nutrition Data System
for Research (NDS-R) software (Nutrition Coordinating
Center, University of Minnesota, Minneapolis, Minnesota)
at baseline, 1 year, and the end of the study.

We estimated that 110 patients (55 per group) were
required, assuming a 2-sided type I error of 5%, for the
study to have 80% power to detect a 2% difference in
angiographic stenosis between the control group and the
treatment group. This 2% progression in angiographic ste-
nosis has been previously reported with standard medical
care in angiographic studies spanning the same length of
time (14).

We compiled and analyzed data by using SAS software
(SAS Institute, Inc., Cary, North Carolina). We compared
continuous variables by using 2-sample #tests on mean
percentage changes from baseline to follow-up. We com-
pared dichotomous outcomes by using the Pearson chi-
square test or the Fisher exact test when appropriate. We
performed event-free survival analysis by using a propor-
tional hazards model. For patients who experienced an
event, we defined event time as the time (in months) from
enrollment to the first event. We censored event time at
the end of follow-up for those who did not experience an
event. We used an intention-to-treat analysis for angio-
graphic stenosis data.

Data are presented as the mean (£SD) with 95% Cls
for continuous variables and as number (percentage) for

www.annals.org

dichotomous variables. We considered a P value of 0.05 or
less to be statistically significant.

Role of the Funding Source

A grant from the Parke Davis branch of Pfizer Phar-
maceuticals funded this study. The sponsor had no role in
the collection, analysis, or interpretation of the data or in
the decision to submit the study for publication. The au-
thors had full access to the study data.

REsuLTS
Patient Characteristics

Table 1 provides the baseline information of the 143
patients randomly assigned in AFREGS between January
1993 and March 1994. Follow-up was completed in June
1996. Seventy-one patients received the combination of
gemfibrozil and niacin with or without cholestyramine,
and 72 received corresponding placebos. Patients’ lipid
profiles, fasting blood glucose levels, and blood pressure
were well balanced between groups. All but 2 patients in
each group tolerated the goal dosage of 600 mg of gemfi-
brozil per day (or matching placebo). The mean daily dose
of niacin (£SD) achieved in the treatment group was
2.5 £ 1.0 g, while the mean daily dose of cholestyramine
(=SD) was 8.4 = 6.2 g. Seventeen patients in the placebo
group and 2 in the treatment group received open-label
cholestyramine (P < 0.001). No patients in either group
crossed over to niacin or gemfibrozil, and no study patient
used statins.

Adherence to Lifestyle Modification
We assessed adherence to the AHA step II diet by
using 3-day diet histories at study initiation, after 50 weeks
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Table 2. Measures of Adherence to American Heart Association Step 2 Diet during the Armed Forces Regression Study*

Measure Time Drug Therapy Placebo P Value
Calories Baseline 1536.8 + 484.4 15653.7 + 372.8 >0.2
50 wk 1502.3 + 449.0 1612.8 + 453.8 0.17
Cholesterol, umol (mg) Baseline 375.7 + 233.8 (145.3 + 90.4) 370.3 + 190.8 (143.2 + 73.8) >0.2
50 wk 410.4 = 210.0 (158.7 * 81.2) 393.3 = 212.6 (152.1 = 82.2) >0.2
Fat, % Baseline 37.8 =179 38.1 £ 20.8 >0.2
50 wk 34.8 = 15.6 37.8 £ 15.6 >0.2
Saturated fat, % Baseline 6.7 2.7 7.0 3.1 >0.2
50 wk 6.1*+24 6.7+25 0.2

* Values expressed with a plus/minus sign are means = 1 SD.

of drug or placebo therapy, and at the completion of the
study. The diet histories showed remarkable adherence to
the imposed dietary and caloric restrictions, and the 2
groups did not differ over the course of the study. Table 2
shows the comparisons of dietary variables at study initia-
tion and after 50 weeks of therapy.

Response to Therapy

Table 3 compares the changes in weight, blood pres-
sure, and blood work in the 2 groups after 50 weeks of
therapy and changes in angiographic stenosis between the
baseline and follow-up catheterization at 30 months. In the
treatment group compared with the placebo group at 50
weeks, levels of total cholesterol, LDL cholesterol, and trig-
lycerides decreased substantially, and HDL cholesterol lev-
els increased. Similar findings for each of these character-
istics were also present at 18 months and 30 months (data
not shown), but data collection was less complete than at
50 weeks because of attrition due to interval clinical events.
Both groups lost weight and had a decrease in BMI (data
not shown), although the changes were greater in the treat-
ment group. Fasting blood glucose level increased in the
treatment group, but this did not translate to more diag-
noses of diabetes according to the widely accepted fasting
glucose threshold of 7 mmol/L (126 mg/dL).

Quantitative Coronary Angiography
Of the patients who were initially randomly assigned
to treatment, 90% (66 patients in the treatment group and

62 controls) underwent coronary angiography at the com-
pletion of the study. Five patients in the treatment group
and 10 controls did not complete the trial or declined final
angiography. The demographic characteristics of the treat-
ment and placebo groups remained similar. The mean per-
centage of global stenosis (*£SD) increased from
53.4% * 7.3% to 54.8% * 7.1% in the placebo group
and decreased from 54.5% =+ 6.8% to 53.7% * 5.9% in
the treatment group, a difference of —2.1 percentage
points (CI, —4.2 to —0.1 percentage points) in favor of
pharmacologic therapy. The significant group comparison
on change in angiographic stenosis remained statistically
significant after we assigned no change to each of the 15
patients who did not complete the trial. After this assign-
ment, the mean change in the treated group was —0.75
percentage point and the mean change in the placebo
group was 1.16 percentage points (mean difference, —1.91
percentage points [CI, —3.76 to —0.06 percentage points];
P = 0.04).

Patients were also qualitatively categorized as having
worsened, unchanged, or improved focal coronary stenosis.
In the treated group, 33 patients improved, 13 were un-
changed, and 20 worsened. In the control group, 26 im-
proved, 5 were unchanged, and 31 worsened. If we assume
that atherosclerosis is controlled when coronary stenosis
improves or does not change, then 46 of 66 patients in the

Table 3. Changes in Stenosis and Laboratory Measures in Patients Randomly Assigned in the Armed Forces Regression Study*

Variable Change in Drug Change in Placebo Difference (95% CI), P Value
Therapy Group, %t Group, %t percentage points

Angiographic stenosist —0.81 1.35 —2.16 (—4.23 to —0.09) 0.04
Weight -4.8 -0.8 —4.0 (-=5.4to —2.5) <0.001
Systolic blood pressure -9.8 —6.6 —3.2(-74t01.1) 0.14
Diastolic blood pressure 6.8 4.3 25(-1.7106.7) >0.2
Fasting glucose level 17.6 8.1 9.5 (2.8 to 16.1) 0.006
Total cholesterol level -16.7 2.8 —19.6 (—24.3 to —14.8) <0.001
LDL cholesterol level -21.8 4.6 —26.4 (—33.7to —19.1) <0.001
HDL cholesterol level 37.9 2.0 35.9 (28.4 to 43.5) <0.001
Triglyceride level —45.6 4.2 —49.8 (—59.2 to —40.5) <0.001
ALT level —-11.1 6.8 —17.9 (=35.1 to —0.6) 0.04
Fibrinogen level 16.34 13.7 2.65 (—8.1to 13.4) >0.2

* ALT = alanine aminotransferase; HDL = high-density lipoprotein; LDL = low-density lipoprotein.

1 Calculated as: 100 X (value at 50 weeks — value at baseline)/(value at baseline).

¥ Change in stenosis compares measured stenosis at catheterization at completion of study with stenosis at initial catheterization.
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Table 4. Clinical Events in Patients Randomly Assigned in the Armed Forces Regression Study*

Clinical Event Drug Therapy

Group, n (%)

Death 1(1.4)
Hospitalization for angina 7 (9.9)
Cerebrovascular event or TIA 0(0)

PCI 2(2.8)
CABG 2(2.8)
PCl or CABG 4 (5.6)

Combined cardiovascular events 9(12.7)

Placebo Difference (95% Cl), P Value
Group, n (%) percentage pointst
2(2.8) 1.4 (=7.5t012.5) >0.2
15 (20.8) 11.0 (—2.8 t0 26.8) 0.14
2(2.8) 2.8(=5.2t0 13.5) >0.2
5(6.9) 4.1(—6.2t0 16.9) >0.2
8 (11.1) 8.3 (—2.7 t0 22.0) 0.2
12 (16.7) 11.0 (—1.5 to 26.0) 0.11
19 (26.4) 13.7 (0.9 to 26.5) 0.04

* CABG = coronary artery bypass grafting; PCI = percutaneous coronary intervention; TIA = transient ischemic attack.

T Placebo — drug therapy.

treated group (70%) were controlled, compared with 31 of
62 patients in the control group (50%) (P = 0.03).

Clinical Events

Twenty-eight patients (19.6%) sustained a major car-
diovascular end point during the follow-up period, includ-
ing 9 patients (12.7%) receiving the combination drug reg-
imen and 19 patients (26.4%) receiving placebo
(difference, 13.7 percentage points [CI, 0.9 to 26.5 per-
centage points]; P = 0.04). Table 4 compares the individ-
ual components of the composite end point. Figure 2 il-
lustrates event-free survival in both the drug and placebo
groups. No ST-segment elevation myocardial infarctions
occurred in either group. Of the 3 reported deaths—1 due
to progression of previously diagnosed idiopathic pulmo-
nary fibrosis, 1 due to complications during elective ab-
dominal surgery, and 1 due to postoperative complications
1 month after coronary artery bypass grafting—only the
last (which occurred in the placebo group) could be con-
sidered cardiac-related.

Treatment Tolerability

Drug therapy was reasonably tolerated overall. Only
7% of patients in the drug therapy group and 10% in the
placebo group withdrew from the study. Adherence to the
study medications, measured by pill counts at each visit,
was excellent throughout the study, ranging from 87% to
90% in the drug treatment group and from 88% to 92%
in the placebo group. Flushing was almost universally seen
in the drug group, and 7 patients could not tolerate any
dose of niacin by the completion of the study (compared
with 2 patients in the placebo group). Skin rashes were the
next most common complication in the treatment group
(Table 5). Gastrointestinal symptoms were also cumula-
tively more common in the treatment group (22 patients
compared with 10 patients in the placebo group; P =
0.014). Three splenic ruptures occurred during colonos-
copy to evaluate heme-positive stools, all of which occurred
in the treatment group. Three different operators per-
formed colonoscopies in 2 different clinics, and no com-
mon cause for these perforations was discovered.
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Discussion

The Armed Forces Regression Study demonstrates that
a strategy aimed at increasing HDL cholesterol levels in
patients with low baseline LDL cholesterol levels and es-
tablished coronary disease arrests angiographic progression
and might reduce the rate of some cardiovascular events.
Furthermore, this strategy is beneficial when patients are
already subjected to aggressive lifestyle modification. The
latter strategy resulted in a significant loss of weight in the
entire cohort and dramatically reduced overall cardiovascu-
lar risk. In fact, no patient experienced a myocardial infarc-
tion over the 30-month follow-up period, and only 1 death
in the placebo group could be attributed to cardiovascular
disease, even though all patients were considered high risk
(documented, obstructive coronary artery disease) at the

Figure 2. Kaplan-Meier event-free survival curves for patients
in the control and treatment groups of the Armed Forces
Regression Study.
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Defined clinical events included hospitalization for angina, myocardial
infarction, transient ischemic attack and stroke, percutaneous interven-
tion, coronary bypass, or death. The composite clinical end point de-
creased 52% after 30 months of follow-up (P = 0.039).
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Table 5. Reported Adverse Effects in Patients Randomly Assigned in the Armed Forces Regression Study

Adverse Effect Drug Therapy Group,
n (%)

Newly diagnosed diabetes 1(1.4)
New borderline diabetic 10 (14.1)
Flushing 65 (91.6)
Skin rash 29 (40.9)
Skin cancer 10 (14.1)
Abdominal pain 14 (19.7)
Cholelithiasis 4 (5.6)
Gastrointestinal bleeding 4 (5.6)
Fatigue 8(11.3)
Sexual dysfunction 3(4.2)
Need for additional antihypertensive therapy 18 (25.4)

Placebo Difference (95% Cl), P Value
Group, n (%) percentage points*
1(1.4) 0(-9.6t09.4) >0.2
5 (6.9) —7.1(-21.1t06.3) >0.2
18 (25) —66.6 (—78.5 to —54.6) <0.001
5 (6.9) —33.9(—-46.8t0 —21.1) <0.001
5 (6.9) —7.1(=17.1t02.9) 0.16
8(11.1) —8.6 (—20.4t03.2) 0.15
1(1.4) —42(-155106.1) >0.2
1(1.4) —4.2(-15.5t06.1) >0.2
7(9.7) —-1.5(=11.6t0 8.5) >0.2
3(4.2) 0(—11.5t0 11.1) >0.2
24 (33.3) 8.0 (—6.9 t0 22.9) >0.2

* Placebo — drug therapy.

time of randomization. The timing of the study (initiated
before the advent of statin mortality data and aggressive
LDL cholesterol goals) permitted the observation of clini-
cal effects with less confounding from the now well-estab-
lished benefits of statins. The small sample size, powered
toward an angiographic outcome, limits the ability to assess
clinical outcomes. However, despite inclusion of so-called
soft end points (transient ischemic attack and angina re-
quiring hospitalization) in the composite clinical end
point, we observed a tendency toward reduced need for
revascularization with the combination drug therapy, thus
reinforcing the relevance of the angiographic findings.

When combinations of drugs are used for dyslipide-
mia, side effects and toxicities may occur. In previous stud-
ies, monotherapy with fibrates (13, 22) and combination
drug therapy with bile acid binders and niacin (14), statins
and bile acid binders (14), and statins and niacin (12) were
shown to be well-tolerated and to have a profound effect
on cardiovascular events, as well as coronary stenosis deter-
mined by quantitative coronary angiography. The combi-
nation of a statin and a fibrate, on the other hand, increases
the risk for muscular complications, and recent recommen-
dations caution against widespread use (23, 24).

Previous studies confirmed the safety and efficacy of
both gemfibrozil and niacin in treating patients with low
HDL cholesterol levels, and the mechanisms of the 2 drugs
seem complementary. Fibrates activate a nuclear transcrip-
tion protein, peroxisome proliferator—activated receptor-a,
resulting in increased HDL cholesterol production, stimu-
lation of cholesterol removal from cholesterol-laden mac-
rophages, and the increase in uptake of cholesterol from
HDL cholesterol particles to the liver (25). Fibrates also
influence many serum metabolic measures and may have
anti-inflammarory, antioxidant, and antithrombotic bene-
fits (26). Niacin, on the other hand, increases HDL cho-
lesterol levels predominantly by preventing catabolism of
apolipoprotein A-I (27). On the basis of previous data, we
postulated that a combined regimen of gemfibrozil, niacin,
and a bile acid binder (cholestyramine) would increase
HDL cholesterol levels and that avoiding a statin could
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prevent the well-described adverse drug reactions between
fibrates and statins (23).

With the use of triple-drug therapy, HDL cholesterol
level increased by 0.3 mmol/L (12.7 mg/dL) (37.5%) and
LDL cholesterol level decreased by 0.8 mmol/L (29.4 mg/
dL) (21.3%). The treated group experienced a statistically
significant reduction in percentage of stenosis compared
with the control group. Total cardiovascular events statis-
tically significantly decreased in the treatment group, and
several of the individual components of the composite car-
diovascular measure also tended toward reductions, al-
though these were not statistically significant. Very few
patients died, and neither cardiovascular mortality nor
myocardial infarction differed between groups.

The AFREGS patient sample differs substantially from
the VA-HIT sample in its exclusion of diabetic patients.
Much of the clinical benefit in VA-HIT was seen in this
population. The results of AFREGS, therefore, expand the
benefit of HDL cholesterol level-increasing therapy to all
patients with coronary disease and low HDL cholesterol
levels. When compared with placebo, the combination of
niacin, gemfibrozil, and cholestyramine also led to substan-
tial improvements in body weight, body mass index, tri-
glyceride levels, and alanine aminotransferase levels. With
statin therapy, LDL cholesterol reduction seems to be as-
sociated with a decrease in systemic inflammation as
assessed by C-reactive protein levels (28, 29); niacin, gem-
fibrozil, and cholestyramine therapy did not have this effect
(fibrinogen levels were not reduced with the pharmacologic
intervention). It would be tempting to attribute reduction
in body weight (4% more with drug therapy than with
placebo) to the high frequency of gastrointestinal side ef-
fects, but carefully performed dietary surveys did not show
any statistically significant differences in caloric intake be-
tween study groups at randomization or after 12 months of
medication. This finding, therefore, remains unexplained
and would benefit from further study.

A statistically significant increase in the mean fasting
blood glucose level was seen in the drug group (as expected
when higher doses of niacin are used) (30), but this did not
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lead to an increase in the diagnosis of diabetes. The med-
ications did lead to a greater incidence of flushing, skin
rashes, and abdominal symptoms, but these were generally
well tolerated and rarely led to withdrawal from the proto-
col. When this regimen is applied to the general popula-
tion, in whom follow-up will inevitably be less rigorous,
adherence may be a greater limitation. Although our study
used immediate-release niacin, newer formulations have
since been shown to have much greater tolerability (31).

The results of AFREGS strengthen the role of HDL
cholesterol level-increasing therapy in patients with coro-
nary disease and low HDL cholesterol levels. In light of the
results of the Heart Protection Study (32), which suggest
that statin therapy may be beneficial in high-risk patients
regardless of entry LDL cholesterol level, it provides an-
other alternative therapeutic target. With the advent of
newer, more potent agents that target HDL cholesterol,
such as recombinant HDL cholesterol molecules (19) and
inhibitors of cholesteryl ester transfer protein (33),
AFREGS provides hope for more aggressive reduction of
global cardiovascular risk that must be examined in larger
trials.
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