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Background. Dyslipidemia constitutes a serious health 
problem that should be diagnosed and treated by the 
family physician. Little is known about the efficacy of 
typical dietary therapy for patients with abnormal cho
lesterol levels. This study was the first large prospective 
family practice evaluation of the effectiveness o f diet- 
and-exercise therapy followed by a pharmacologic inter
vention for those patients who remained dyslipidemic.

Methods. Patients who met standard criteria for cardio
vascular disease risk based on lipid analysis were en
rolled in a typical 6 -week physician-directed diet-and- 
exercise program. Those patients who were still 
dyslipidemic after that period were started on 12 weeks 
of pharmacologic treatment with gemfibrozil.

Results. O f the 2992 patients screened, 1193 were eli
gible for participation in the study. The diet-and-exer- 
cise program led to a modest change in lipid values

(average decrease in total cholesterol o f 4.1%). Only 
2% of the patients achieved desirable levels o f all lipid 
values. Seven hundred thirty-nine subjects qualified for 
further therapy and were treated with gemfibrozil. Sev
enty patients discontinued drug therapy because o f ad
verse effects. Those who completed 12 weeks o f phar
macologic therapy had an additional 5.4% reduction in 
total cholesterol, 3.9% reduction in low-density li
poprotein cholesterol, 30.6% reduction in triglycerides, 
and a 17.2% increase in high-density lipoprotein cho
lesterol.

Conclusions. These findings suggest that in a typical 
clinical setting, a nonpharmacologic intervention of 
diet and exercise may not produce the desired overall 
lipid changes in the majority o f dyslipidemic patients.

Key words. Cholesterol; diet therapy; exercise; gemfi
brozil. ( /  Fam Pract 1993; 36:401-408)

Nearly one half o f the adults in the United States have 
total cholesterol levels above 200 mg/dL (5.2 mmol/L),
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which is associated with an increased risk o f prema- 
turecoronary heart disease (CH D ).1 In fact, dyslipi- 
demias (low levels o f high-density lipoprotein [HDL] 
cholesterol, high levels o f low-density lipoprotein [LDL] 
cholesterol, high total cholesterol, or high triglycerides) 
constitute a serious health problem that should be diag
nosed and treated by family physicians.

The National Cholesterol Education Program 
(NCEP) encourages physicians to increase their efforts to 
detect and treat such patients. Initially, nonpharmaco
logic interventions (eg, proper diet, exercise, and smok
ing cessation) are recommended. Diets that are rigidly 
controlled to decrease the intake o f saturated fat and
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cholesterol can reduce total cholesterol levels by an aver
age o f 10% to 20%.2 To achieve these results, however, 
patients’ compliance with these diets usually requires a 
great deal o f encouragement and involvement by the 
physician and often additional professional help.

Many patients fail to achieve adequate reductions 
through recommended lifestyle modification, including 
diet, and require pharmacologic intervention. Yet, in a 
chart review survey o f three family practices, Hudson et 
al3 found that an intervention had been attempted with 
nearly one half o f the patients with total cholesterol levels 
above 200 mg/dL (5.2 mmol/L), the most common 
intervention being diet (65 patients [73%]). Medication 
was used in only 8 patients (9%).

To date, there have been no studies to assess the 
effectiveness o f pharmacologic interventions subsequent 
to a diet-and-exercise regimen in managing dyslipidemic 
patients in family practice.3 A broad-based study was 
undertaken by the Clinical Experience Network (CEN) 
to assess the effects o f diet and exercise alone, and in 
combination with drug intervention with gemfibrozil, on 
serum lipids in dyslipidemic persons in a heterogeneous 
family practice population.

Methods

Enrollment

A total o f 2992 patients with a history of serum choles
terol levels S:200 mg/dL (5.2 mmol/L) were screened by 
327 CEN family physicians for inclusion in this prospec
tive, open-label, multicentcr trial. Informed consent was 
obtained from each patient. Physicians were recruited 
from the national roll o f board-certified family physicians 
and were compensated for performance of physical ex
aminations and the office visits. Laboratory services for 
their patients were provided free o f charge. Medical and 
family histories were obtained from each patient to assess 
CHD risk factors as defined by NCEP guidelines.4 A 
complete physical examination was performed, and fast
ing blood samples were obtained to determine total 
cholesterol, triglycerides, HD L cholesterol, and LD L 
cholesterol. Some of the patients who met entry criteria 
were assigned to a separate open-label, randomized trial 
o f diet and exercise alone as opposed to diet, exercise, and 
gemfibrozil, which will be reported in a future publica
tion.

Each physician was asked to enroll 10 patients of 
either sex who were over the age of 20 years and whose 
lipid profile met all o f these inclusion criteria: total cho
lesterol >200 mg/dL (5.2 mmol/L); HD L cholesterol 
<40  mg/dL (1.05 mmol/L); LD L cholesterol 130 to

159 mg/dL (3.35 to 4.10 mmol/L) with CHD, or LDL 
cholesterol 160 to 189 mg/dL (4.15 to 4.90 mmol/L) 
with two or more CHD risk factors, or LD L cholesterol 
>190 mg/dL (4.90 mmol/L); and triglycerides <400 
mg/dL (4.50 mmol/L).

Risk factors for CHD were male sex, a family histon' 
o f premature CHD, cigarette smoking (>10  cigarettes/ 
day), hypertension, diabetes mellitus, a history of definite 
cerebrovascular or occlusive peripheral vascular disease 
and obesity (>30%  overweight). Exclusion criteria in
cluded pregnant or nursing women, patients with known 
contraindications to gemfibrozil, those who anticipated 
surgery or who had undergone surgery within the pre
vious 6 months, and those who had taken probucol 
within the previous 6 months or any other lipid-lowering 
agent within the previous 6 weeks. Patients receiving 
concomitant therapy with steroid hormones or anticoag
ulants, or who had received an experimental drug within 
the previous 3 months also were excluded.

Treatment Plan

Patients meeting the inclusion criteria began a 6-week 
regimen that included a low-cholesterol, low-fat diet and 
an exercise program. A 6-week regimen was chosen be
cause it is clinically practical in the family practice ambu
latory environment; because the NCEP guidelines sug
gest an initial 4- to 6-week cholesterol check; and because 
previously published postmarketing efficacy and safety 
studies have used a 4-week restrictive diet.5 Each patient 
received a copy of the American Heart Association diet 
book in conjunction with physician review o f the mate
rial and recommendation o f Step One or Step Two diet. 
The minimum exercise regimen consisted of a 30-minute 
walk three times a week; some patients exercised more 
vigorously.

A second lipid profile was obtained at the end of this 
6-week period. If all h.pid levels remained within inclu
sion ranges, the patient was eligible to receive gemfi
brozil while continuing diet-and-exercise therapy; other
wise the patient was discontinued from the study. One 
600-mg gemfibrozil tablet was administered twice daily, 
30 minutes before the morning and evening meals, for 12 
weeks if the following laboratory values were within 
normal limits: serum thyroxine, creatinine, alanine ami
notransferase (ALT), and aspartate aminotransferase 
(AST).

An additional 179 patients already being managed 
with diet and exercise by their family physicians were 
enrolled at this stage o f the study. These patients met all 
lipid profile enrollment criteria.
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Schedule of Visits and Evaluations

Following initial screening, patients were scheduled for a 
visit after 6 weeks on the diet-and-exercise regimen, and 
after 6 and 12 weeks o f diet and exercise in combination 
with gemfibrozil. At each visit, the patient’s weight, 
blood pressure, and pulse rate were recorded. To assess 
compliance, the physicians were asked to rate how strictly 
the patient was following the diet-and-exercise regimen 
on a 5-point scale (1 =  not at all, 2 =  a little, 3 =  
somewhat, 4 =  a lot, and 5 =  very strictly). Patients 
taking gemfibrozil were rated for compliance on the same 
scale.

At each visit, blood samples were obtained for lipid 
determinations after a recommended 12-hour fast. All 
lipid analyses were performed by a central lipid reference 
laboratory certified by the Centers for Disease Control 
(MetPath Labs, Inc, Teterboro, NJ). The methods used 
for these lipid determinations were described in detail in 
a previous publication.6

Statistical Analysis

Statistical analysis was performed using SAS (SAS Insti
tute, Cary, NC). Changes in lipid values and percent 
change of lipid values within subjects were tested for 
statistical significance using the paired t test and 
Wilcoxon matched-pairs/signed-ranks test. Statistical 
analyses o f lipid values and percent change o f lipid values 
between defined groups were performed using the un
paired t test and Wilcoxon rank-sum test. The selection 
of appropriate statistical methods and the use o f trans
formation o f the data were based on the properties o f the 
observed distributions and assumptions underlying the 
various methods applied. When observed to be less than 
5%, P values are reported herein; values greater than 5% 
are not viewed as being statistically important.

Means and standard errors (SE) were computed for 
each lipid value. Mean percent changes in lipid values at 
the end of the initial 6 weeks o f diet and exercise were 
compared with initial values at study entry. The response 
of lipids to the addition of gemfibrozil was evaluated by 
comparing values at the end of 12 weeks o f drug treat
ment with values obtained immediately before initiation 
of gemfibrozil therapy.

Results

Patient Flow
Screening produced 1371 patients who qualified, and 
1192 of these entered the open-label diet-and-exercise

program. The remaining 179 patients entered an open- 
label randomized trial and will not be discussed here.

O f the 1192 patients, 986 completed the study’s 
diet-and-exercise phase and had dieir lipoprotein profiles 
reanalyzed. Patients not completing this phase (206) 
were lost to follow-up. Those whose lipid profiles still 
met the study criteria (n =  596) were eligible for con
tinuation into the gemfibrozil phase o f the study; 560 did 
continue. Three hundred ninety' patients no longer qual
ified to continue in the study.

Also, at this stage, 179 patients who had completed 
some other diet-and-exercise program but were consid
ered failures were allowed to join the study protocol 
because their lipoprotein profiles fit the criteria. With the 
inclusion of these patients, a total o f 739 patients began 
drug therapy. Eventually, 641 patients completed the 
drug phase o f the study, taking the drug for an average of 
12 weeks (Figure).

Statistical comparisons o f entry' lipid profiles ot the 
patients lost to follow-up during the diet-and-exercise 
phase and of the 986 who completed that phase revealed 
no differences between the groups.

Similarly, statistical evaluation of lipid profiles be
fore gemfibrozil therapy revealed no difference between 
the 641 patients who completed the drug phase and the 
98 patients (739 minus 641) who discontinued drug 
therapy. Again, the 641 patients appear to be represen
tative o f the 739 patients who started the gemfibrozil 
phase, suggesting that selection bias can be ignored.

Demographic D ata
Characteristics o f the 2992 patients who were screened 
for study entry and their lipid profiles were described in 
a previous publication.6 Typically, patients were white, 
overweight according to body mass index (BMI), and in 
their mid-50s. A number of women failed to qualify for 
the study, principally because a low H D L cholesterol 
level was required for entry; nevertheless, women ac
counted for 29.6% (986) o f the patients who completed 
the first phase o f diet and exercise alone. The demo
graphic profiles o f those patients who completed the 
diet-and-exercise phase alone were similar to those for 
patients completing both phases (Table 1). The latter 
group, however, was slightly older.

In comparing nonlipid cardiovascular risk factors 
present in patients who entered the study before the 
diet-and-exercise phase (n =  1192) with those who en
tered before the drug phase (n =  179), the latter ap
peared to be at greater risk. This group had a higher 
incidence of all risk factors except for smoking (18.3% vs 
24.7%). Among all patients, hypertension was the most
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Flow chart showing sequence o f 18-week program in the CEN 
study of the efficacy of diet-and-exercise therapy combined with 
pharmacologic intervention for dyslipidemia.
^Patients who were unsuccessful with previous diet-and-exer- 
cise therapy and met entry criteria for the study entered the 
pharmacologic treatment phase.

prevalent risk factor, followed by family history of CHD, 
smoking, and obesity.

Duration of Treatment

Six hundred forty-one patients took gemfibrozil for an 
average of 12 weeks (mean 80 days, range 32 to 128 
days). Forty-four patients completed only 32 to 42 days 
o f gemfibrozil therapy. Statistically, percent changes in 
the lipid levels o f these patients were similar to those seen 
in patients who were taking the drug for a longer period, 
except for H DL cholesterol values.

Compliance with Prescribed Regimen

Assessments by physicians o f compliance with the initial 
6 -week diet-and-exercise regimen and with subsequent

Table 1. Demographic Profile o f the Dyslipidemic Patients

Characteristics

Patients Who Completed 
6-Week Program o f Diet 

and Exercise (SE)
(n =  986*)

Patients Who Completed 
12-Week Program of 
Diet, Exercise, and 

Gemfibrozil Therapy (SE) 
(n =  641*)

Age (y) 52.5 (0.41) 54.9 (0.51)

Weight (kg) 86.5 (0.52) 86.3 (0.66)

Height (cm) 173.2 (0.30) 173.0 (0.004)

BMI (kg/m2) 28.8 (0.15) 28.8 (0.19)

Race
White (%) 95.5 95.8
Black (%) 2.8 2.7
Other (%) 1.7 1.6

Sex
Men (%) 70.4 71.3
Women (%) 29.6 28.7

* Complete d ata  on certain  p atien ts not available. 
SE  denotes stan d ard  error; BM 1, body m ass index.

treatment were similar. Compliance with diet and exer
cise during the initial 6 weeks, and when continued as 
subsequent therapy, was rated with a mean of 3.6 on a 
scale o f 1 (indicating not at all) to 5 (indicating very 
strictly). Physicians rated compliance with drug therapy 
using the same criteria, resulting in a mean estimate of 
4.5 on a scale o f 1 to 5.

Response to D iet and Exercise

At the end of the initial 6 weeks o f diet and exercise, the 
986 patients who completed that phase o f therapy 
showed mean decreases, from initial values, o f 4.1% in 
total cholesterol, 4.9% in LD L cholesterol, 0.2% in 
triglycerides, and 6.2% in the total cholesterol/HDL 
cholesterol ratio. Except for the triglycerides, these 
changes were statistically significant. H D L cholesterol 
values were increased by 5.5%, which was also a signif
icant change (Table 2).

Table 2. Changes in Lipid Values After Diet and Exercise

Lipid Values Before Lipid Values After 
Diet and Exercise, Diet and Exercise, 

mg/dL mg/dL
L i p i d ___ (n =  986) (n =  641) % Change

Total cholesterol 261 250 -4 .1 *
Triglycerides 217 209 -0.20
HDL cholesterol 33 35 + 5.5*
LDL cholesterol 192 182 -4 .9 *
1C/HDL ratio 8.08 7.51 -6 .2 *
*P <  .001 .
H D L  denotes bigh-density lipoprotein; L D L , low-density lipoprotein; T C IH D L, ratio of 
to tal cholesterol to high-density lipoprotein.
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Table 3. Patients Who Were Nonqualifiers After Diet 
and Exercise____________________________________

Lipid Values Before Lipid Values After
Diet and Exercise, Diet and Exercise,

mg/dL mg/dL
Lipid (n =  390) (n =  390) % Change

Total cholesterol 259 243 - 6 .1 *
Triglycerides 222 220 +  0.73
HDL cholesterol 34 38 + 12.9*
LDL cholesterol 187 168 - 9 .6 *
TC/HDL ratio 7.75 6.64 - 1 3 .6 *

*p < . 001.

HDL denotes high-density lipoprotein; L D L , low-density lipoprotein; T C IH D L , ratio  o f 
total cholesterol to high-density lipoprotein.

Of the 986 patients completing the first phase o f the 
study, 596 still had lipid profiles that qualified them for 
continued study; 390 patients no longer met all the 
qualification criteria. Comparing the lipid values o f the 
nonqualifier group as a whole before and after diet-and- 
exercise therapy, there was a decrease in total cholesterol, 
LDL cholesterol, and total cholesterol/HDL cholesterol 
ratio (Table 3). The triglyceride values, however, re
mained virtually unchanged.

Thus, 11% (43) o f the nonqualifier group were 
discontinued because their triglyceride levels had in
creased to >400  mg/dL; therefore, their LD L choles
terol levels could not be calculated. Eighty-nine percent 
(347) showed improvement in at least one lipid measure
ment beyond the limits set for the study continuance 
criteria. Only 2% (8) o f these achieved “desirable” levels 
in all four lipid values, as described in the NCEP guide
lines.4 For the remaining 87%, the partial response to 
diet-and-exercise therapy, although disqualifying them 
from continuation o f the study, did not necessarily reflect 
achieving an optimal therapeutic goal.

Response to Diet, Exercise, and Gemfibrozil

The cardiovascular risk-factor profile o f those patients 
(n = 179) who entered the study just before the addition 
of gemfibrozil indicated a higher CHD risk profile than 
the other patients. Their mean lipid values at this stage, 
however, were similar to those noted in patients who 
continued in the study after the diet-and-exercise phase 
(n = 560). Changes after drug therapy also were similar.

Among all patients who completed drug therapy 
(n = 641), gemfibrozil was associated with additional 
mean decreases in total cholesterol (5.4%), triglycerides 
(30.6%), LD L cholesterol (3.9%), and in the total cho
lesterol to H D L cholesterol ratio (16.4%); H D L choles
terol additionally increased by a mean of 17.2%. All of 
these changes were statistically significant (Table 4).

A separate analysis o f the percent changes in H D L

Table 4. Changes in Lipid Values After Diet, Exercise, and 
Gemfibrozil Therapy

Lipid Values Before Lipid Values After 
Treatment, mg/dL Treatment, mg/dL 

Lipid (n =  641*) (n =  641*) % Change

Total cholesterol 254 239 - 5 .4 t
Triglycerides 204 135 -3 0 .6 J
HDL cholesterol 32 38 + 17.2+
LDL cholesterol 189 180 -3 .9+
TC/HDL ratio 8.03 6.63 -16.4+
* O nly 641 o f the 739 patien ts in itially  recruited completed 12 weeks o f therapy. 
tV  <  .001 .
H D L  dem tes high-density lipoprotein; L D L , low-density lipoprotein; T C IH D L , ratio  o f 
to tal cholesterol to high-density lipoprotein.

cholesterol was also performed for the group o f 44 
patients who continued gemfibrozil therapy for only 32 
to 42 days. Even though the measured change of 10.1% 
was less than the 17.2% observed over the average 12- 
week therapy period, it too was statistically significant 
(P <  .001).'

Safety

Safety was evaluated in the 739 patients who received at 
least one dose o f gemfibrozil. One or more side effects 
considered to have been “probably” related to treatment 
were reported by 140 (19%) o f the 739 patients. Seventy 
patients discontinued gemfibrozil because o f reported 
adverse drug effects, accounting for 71% (70 o f 98) of 
patient dropouts. The remaining 28 patients were lost to 
follow-up.

One hundred sixteen (57%) o f the 205 total com
plaints were related to the gastrointestinal system or 
abdomen. Complaints included nausea (23 reports), dys
pepsia (25), abdominal pain (16), diarrhea (15), consti
pation (9), flatulence (9), and eructation (8). Nongas- 
trointestinal adverse events reported by more than 1 % of 
subjects included headache and dizziness. There were six 
complaints o f myalgia and one complaint o f myasthenia. 
No new untoward or unusual side effects were reported.

Discussion
Our review of the literature indicates that this is the first 
prospective family practice evaluation o f the effectiveness 
o f nonpharmacologic and pharmacologic interventions 
in the management o f dyslipidemic patients. Participants 
in the study were selected because o f a history o f elevated 
total cholesterol. O f the 2992 patients, 74% of the men 
and 41% of the women had low H D L cholesterol values 
(<40  mg/dL [1.05 mmol/L]) as well as elevated total 
cholesterol values (^200  mg/dL [5.20 mmol/L]).6 These 
high percentages were not unanticipated because the
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population was preselected based on a history of total 
cholesterol levels S:200 mg/dL (5.20 mmol/L) with 
other possible dyslipidemias. Demographic characteris
tics o f the study population were representative o f the 
average family practice.8 The majority o f patients were 
white men, and although both women and blacks were 
included, the percentage o f each was comparatively small.

In this family practice patient population, diet and 
exercise alone had a moderate impact on dyslipidemia. 
Among the patients completing the initial 6 weeks, mean 
changes in lipid values from the time of study entry were 
modest. Total cholesterol, LD L cholesterol, triglycer
ides, and total cholesterol to H D L cholesterol ratio de
creased 4.1%, 4.9%, 0.2%, and 6.2%, respectively; HDL 
cholesterol increased 5.5%. These changes reflect re
sponses for the patients who qualified to continue into 
the drug phase o f the study as well as for those who did 
not continue to qualify. The 390 nonqualifiers included 
patients whose responses were favorable in at least one 
lipid measurement: mean decreases in total cholesterol 
(6.1%), LD L cholesterol (9.6%), and total cholesterol to 
H DL cholesterol ratio (13.6%), and a mean increase in 
H DL cholesterol o f 12.9%, and also patients (11%) 
whose triglycerides had increased to >400  mg/dL (4.52 
mmol/L). Only eight patients (2%) achieved desirable 
levels in all lipid values.

The addition of gemfibrozil to the diet-and-exercise 
regimen o f 641 nonrandomized patients subsequently 
induced additional statistically significant changes in lipid 
values. In particular, H DL cholesterol rose 17.2%, the 
total cholesterol/HDL cholesterol ratio decreased 16.4%, 
and triglycerides decreased 30.6%. Also, there were 
modest decreases in total cholesterol and LD L choles
terol (5.4% and 3.9%, respectively).

Some of the lipid changes observed could represent 
regression to the mean. However, most o f this effect was 
observed during the first 6 weeks o f diet and exercise; 
patients continuing in the study were less subject to this 
phenomenon.

These findings suggest that in a family practice set
ting, nonpharmacologic intervention with a regimen in
corporating the recommendations provided in the Amer
ican Heart Association diet book and general instructions 
for physical activity may not produce the desired overall 
lipid changes in the majority o f dyslipidemic patients. 
This is not unexpected, as the NCEP notes that for 
optimum results, nonpharmacologic interventions 
should be employed in a “medical treatment setting” in 
which a team of professionals, including the physician, 
staff, and other specialists (eg, registered dietitians), 
closely monitors and repeatedly encourages the patient 
over an extended period (eg, 6 months).4 In this setting, 
patients who rigidly control their consumption of satu

rated fat and cholesterol have been able to decrease total 
cholesterol by an average o f 10% to 20%.2 Many physi
cians, however, have neither the office personnel nor the 
outside resources to provide this level o f support for their 
patients.

The limitations o f nonpharmacologic interventions 
in controlling dyslipidemia in the family practice setting 
may require the physician to consider more rigorous 
dietary instruction or eventual pharmacologic interven
tion to achieve desirable results. This trial demonstrates 
that gemfibrozil is one pharmacologic intervention that 
can have a favorable impact on low H D L cholesterol, 
which is a major contributor to increased CHD risk.910 
In the heterogeneous patient population included in this 
study, gemfibrozil intervention was associated with mean 
increases in H DL cholesterol o f 17.2% over values at the 
end of the initial 6 weeks o f diet-and-exercise therapy. In 
addition, there were mean decreases in triglyceride levels 
after the initial phase o f diet-and-exercise therapy of 
30.6%. The total cholesterol to H D L cholesterol ratio 
decreased by 16.4%.

In conclusion, in a family practice office environ
ment where rigid regimen controls are not practical, 
simple diet and exercise alone may achieve a modest 
degree of improvement in total cholesterol, LD L choles
terol, the total cholesterol to H D L cholesterol ratio, and 
HLD cholesterol in a heterogenous population with a 
wide geographic distribution. The addition of pharma
cologic therapy with gemfibrozil to these same dyslipi
demic patients can result in further significant changes in 
these values as well as in decreasing triglyceride levels.

It appears from the results o f this trial that the family 
physician may need to implement more rigid nonphar
macologic therapy, with the addition of pharmacologic 
therapy when necessary, to achieve “desirable” goals in all 
lipid values.
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