
COMPARATIVE RESEARCH 

Comparative Cost-Effectiveness of Bile Acid Sequestering 

Resins, HMG Co-A Reductase Inhibitors, and Their 

Combination in Patients with Hypercholesterolemia 

OBJECTIVE: 
To determine the cost-effectiveness of bile 

acid sequestrants (resins) alone, HMG Co- 
A reductase inhibitors alone, and a combi- 

nation of a resin with an HMG Co-A 
reductase inhibitor in patients with hyper- 

cholesterolemia. 

DESIGN: 
Retrospective, open-label, cost-effective- 

ness analysis. 

SETTING: 
University-based outpatient lipid clinic. 

PARTICIPANTS: 
Patients managed in our lipid clinic with an 
LDL-cholesterol (LDL-C) greater than 160 
mg/dL following eight weeks on an Ameri- 

can Heart Association Step I diet were eli- 

gible for this study. 

INTERVENTIONS: 
Patients were treated with a bile acid se- 
questrant alone, an HMG Co-A reductase 
inhibitor alone, or a combination of both 

drugs to achieve an LDL-C of less than 

130 mg/dL. Costs included in the analysis 

were initial and concomitant drug acquisi- 
tion (Redbook average wholesale price), 

safety and efficacy monitoring tests (liver 

function, creative phosphokinase, eye ex- 
aminations, lipid profiles), clinic visits 

($28/visit), managing side effects. Patients 

were followed for one year after initiation of 

lipid-lowering therapy. Cost-effectiveness 

was calculated as dollars spent per year 
per mg/dL reduction in LDL-C. 

MEASUREMENTS: 
Percent reduction of LDL cholesterol, total 

cost of treatment, and cost per mg/dL re- 
duction in LDL cholesterol. 

RESULTS: 
A total of 141 patients were included in the 
analysis: 42 patients on resins alone, 56 
patients on HMG inhibitors alone, and 43 

on a combination resin-HMG inhibitor. To- 
. tal yearly per patient costs for treatment 

was $1,532 for resins, $1,635 for HMG in- 

hibitors, and $2,556 for combination thera- 
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py. Cost per patient per year per mg/dL 

LDL-C reduction was $49 for resins alone, 
$25 for HMG inhibitors alone, and $30 for 

combination therapy. Low-dose resin thera- 

py was more cost-effective than high-dose 
resin therapy in patients treated with either 

monotherapy ($20 versus $57) or combi- 
nation therapy ($26 versus $33). 

CONCLUSION: 
The selection of lipid-lowering therapy 

should be determined by the magnitude of 

LDL-C reduction required and the cost- 
effectiveness of therapy. HMG inhibitors 

alone and bile acid sequestrant-HMG in- 
hibitor combinations are the most cost-ef- 

fective. When combination regimens are 
used, low-dose resin therapy is preferable. 
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Pharmacotherapy is a cost-beneficial choice in medical 

care. Pharmacologic advances have afforded a significant 

reduction in morbidity and mortality, particularly among 
the cardiovascular diseasesl-5 However, inappropriate use 

can result in a lack of therapeutic effect, endangered health, 

and wasted resources. In this era of health care reform and 

limited economic resources, medical interventions must 
undergo evaluations not only of efficacy and safety, but 

cost-effectiveness relative to other treatment alternatives in- 

eluding no therapy at all. Cost analyses must globally in- 

corporate all costs of consumed medical resources when 
assessing the cost-effectiveness of a pharmacotherapy deci- 

sion6,7 

Pharmacoeconomics is defined as the description and 

analysis of the costs and outcomes of drug therapy to the 

healthcare system and to society8 Such a process incorpo- 

rates not only product costs, but also the costs associated 

with preparation and administration, monitoring, and both 
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the positive and negative effects of therapy6,7 Unfortunately, 
the term cost-effective remains widely misused. Cost-effective- 

ness is often used to describe cost savings alone or that an 
agent is merely effective9 For most major disease states where 

drug therapy is the mainstay of treatment, there is a paucity of 
adequately designed pharmacoeconomic studies in the litera- 

ture. 

In the case of lipid-lowering therapy, the landmark publi- 
cation of Schulman and colleagues has a number of limita- 
tions.10 In this study, efficacy rates of lipid-lowering therapy 

were extrapolated from 57 published studies and pooled to 

create a single percentage change induced by various drugs for 

each lipid fraction. Obviously, patient populations varied 
widely in terms of demographic and clinical characteristics 

among these 57 separate studies. The only criterion for inclu- 
sion of studies in this analysis was the availability of data con- 
cerning the percent reduction in total cholesterol. Not all 

studies actually reported complete lipid profiles. Differential 

effects of various drugs on other lipid fractions were estimates 
based on results from those studies that did report complete 

lipid profiles. In the case of niacin, for example, complete 

lipid profiles were available in only two studies. Results of 

short-term and long-term studies were homogenized. As no 

long-term studies were available for lovastatin or probucol, 
the long-term efficacy of these drugs was computed based on 
the results of gemfibrozil. In addition, only patients receiving 

mono therapy were included; the common practice of using 

combinations of lipid-lowering therapy was not evaluated. 
Perhaps of greatest concern was the assumption that efficacy 

and safety outcomes in general practice would be similar to 

outcomes observed in controlled clinical trials (where medica- 
tion and clinic visits are free, poor medication compliance is 

an exclusion criteria, and patients are motivated by full-time 
research personnel). 

The objective of this study was to compare the cost-effec- 

tiveness of three pharmacologic approaches to the treatment 
of patients with hypercholesterolemia using outcome data 

from a university-based outpatient lipid clinic. The three 
pharmacologic treatment approaches included: bile acid se- 

questrants alone, HMG Co-A reductase inhibitors alone, and a 

combination of a bile acid sequestrant and an HMG Co-A re- 
ductase inhibitor. 

METHODS 
Patients This study was an open-label, retrospective chart re- 

view. Consecutive hypercholesterolemic patients satisfying the 

inclusion/exclusion criteria were included in this cost-effec- 

tiveness analysis. Patients with a diagnosis of hypercholes- 
terolemia without manifest coronary artery disease comprised 

the study group. Entry criteria included an LDL-cholesterol 
(LDL-C) > 190 mgldL at baseline with an LDL-C > 160 mgldL 
following eight weeks on an American Heart Association Step 
I diet. Patients were followed for 12 months after initiation of 
therapy with a bile acid sequestering resin alone, an HMG Co- 
A reductase inhibitor alone, or a combination of a bile acid se- 

questering resin and an HMG Co-A reductase inhibitor. Drug 
doses of lipid-lowering therapy were titrated to achieve an 
LDL-C of < 130 mgldL. Doses were titrated at > four-week 
and < eight-week intervals. Patients were excluded forthe fol- 

lowing reasons: age less than 25 years or greater than 75 

years; triglycerides greater than 300 mgldL; women of child- 
bearing potential; and insulin-dependent diabetes mellitus. 

Patients with a compliance rate less than 80%-based on pre- 

scription refill records averaged over the year of follow-up- 
were excluded from the study. 

Events Outcomes Included in the outcome events were the 

number and tyPe of physician visits (routine or unscheduled), 
drugs administered and their dosages, laboratory tests or- 
dered, and side effects. Incidence and type of side effects were 
recorded only if they were specifically noted by the physician 

in the medical record as a side effect secondary to a lipid-low- 

ering drug. 
Cost Outcome The cost-effectiveness analysis was per- 
formed from the perspective of the institution. Total health 

care costs, including costs related to the routine treatment of 
hypercholesterolemia, as well as the toxic effects of the drugs, 

were calculated using a direct cost accounting technique 

(adding the costs of all visits, medications, and toxic effects). 

Cost-effectiveness calculations were performed using event 

rates and costs as determined by the review of patients' 

records. Total costs and costs per mgldL reduction in total 

cholesterol and LDL-C are reported. All costs used in the 

analysis were direct costs to the institution, rather than 

patients' charges. 

Cost Analyses In the direct cost accounting method, costs 

of visits were calculated by determining the total number of 

outcome events multiplied by the cost per event ($28 per 
scheduled clinic visit and $300 per emergency room visit). 

Outcome event costs incorporated labor costs, nonlabor costs, 

and overhead costs into the computation. The costs of med- 
ications included drug acquisition costs and an indirect inven- 
tory cost (35% of drug acquisition cost). These costs were 
based on Redbook average wholesale prices11 The costs of 
side effects included the costs of medications to treat the side 

effect, diagnostic tests employed, clinic or emergency room 
visits, and services of consulting physicians. All costs were cal- 

culated from the start of therapy to the end of one year of fol- 

low-up. 
Statistics Comparability of demographic and baseline char- 

acteristics among treatment groups was assessed using one- 

way analysis of variance for continuous variables and Pearson's 
X2 for dichotomous and categorical data. Change in blood 
lipids with treatment was analyzed using one-way analysis of 

vanance. 

Drug acquisition costs were reported as yearly averages 

for each treatment group. Other costs (laboratory, clinic, side 

effects) were also calculated from the time of initiation of ther- 

apy through the one year of follow-up and reported as means 

for each treatment group. A one-way analysis of variance 
(AN OVA) was used to compare the mean treatment costs be- 
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Resins 

Table 1. Demographics and Clinical Characteristics of Patients in the Treatment Groups 

Characteristics 
Age (years) 

Gender (MIF) 

No. smokers(%) 

No. patients with (%) Hypertension 

No. patients with (%) 

Congestive heart failure 

No. of patients with (%) 

Diabetes Mellitusa 

No. patients (%) with 
Peripheral vascular disease 

No. patients (%) with 
Chronic obstructive pulmonary disease 

No. patients (%) with Atrial fibrillation 
a P< 0.05. 

(n = 42) 

59.1I9.3 
28/14 
17 (40%) 

3 (7%) 

1 (2%) 

4 (10%) 

2 (5%) 

1 (2%) 
1 (2 %) 

HMG Co-A Reductase 
Inhibitors 

(n =-56) 
59.4 I 12.8 
33/23 
24 (43%) 

1 (2%) 

Combination 
Therapy 
(n = 43) 

57.0 I 9.5 
28/15 
18 (42%) 

o 

o o 

1 (2%) o 

o o 

o 

o 

o 

o 

Table 2. Final Daily Drug Doses Used in Study 

Drug 
Mean (:!: S.D.) Dose 

Monotherapy Combination 
Therapy 

14.7I7.1g 
20.5 I 4.9 g 

23.7 I 10.9 mg 
37.0 I 10.7 mg 

12.5 I 3.5 mg 

Cholestyramine 

Colestipol 

Lovastatin 

Pravatatin 

Simvastatin 

18.9 I 6.7 g 

23.3 I 2.4 g 

311 I 16.1 mg 
418 I 10.18 mg 

257 I 15.7 mg 

Figure 1. Annual Comprehensive Cost of Lipid-Lowering Therapy. 

.Re-sins- 

n.42 III.~ Total ~ 1532 

1074 121155155 27 

HMG~ n.56~ 1012 150 328 12621 

Total ~ 1635 

Combo 

n.43 ._I~ T otal ~ 2556 

1875 154 334 164 30 

Mean $ Per Year 

II Initial Drug Acquisition Cost 

~ Supplemental Drug Acquisition Cost 

D Safety/Efficacy Monitoring Cost 

~ Clinic Visit Costs 

m Side Effect Costs 

tween drug therapy groups and also to compare mean treat- 

ment costs between the specific drugs within each drug thera- 

py group. A modified least-significant difference multiple 

range test was used for multiple comparisons with the effect of 

age, gender, functional class, and the presence of co-rrlOrbid 

conditions, and drug class as main effects and age as the co- 
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variate. The regression approach was used where the main ef- 

fects and co-variates were assessed simultaneously with each 

being adjusted for all others. When age, gender, and co-mor- 
bid conditions were not significant in accounting for cost dif- 

ferences between the treatment groups, a one-way analysis of 

variance was used to compare treatment costs between drug 
therapy groups. Continuous data was presented as mean:!: SD. 

For all analyses, a p value of < 0.05 was considered statistical- 

ly significant. 

RESULTS 
Patients Approximately 435 patients were screened to yield 
141 patients meeting the inclusion/exclusion criteria. Clinical 

and demographic characteristics of the three treatment groups 

are summarized in Table 1. A total of 42 patients were treated 

with resins alone, 56 patients with HMG inhibitors alone, and 

43 patients with a combination of a resin plus an HMG in- 

hibitor. Final daily doses of the resins, HMG inhibitors, and 

combination therapy are listed in Table 2. 

Drug Effectiveness The maximal effect of resins, HMG in- 
hibitors, and their combination on serum total cholesterol, 

LDL-C, and HDL-C concentrations is summarized in Table 3. 
The efficacy of drug therapy in reducing serum total choles- 

terol and LDL-C concentrations was significantly greater for 

combination therapy compared to resins alone and to HMG 
inhibitors alone (p < 0.0001). Reductions in total cholesterol 

and LDL-C concentrations were significantly greater with the 

HMG inhibitors alone compared with resins alone (p < 

0.000l). Increases in HDL-C were significantly greater for 

both HMG inhibitors alone and combination therapy com- 
pared with resins (p < 0.05). The magnitude of the difference 

in the effect of HMG inhibitors alone and combination thera- 

py on HDL-C was not significantly different. 

Within the group of patients treated with resins, the effect 

of differing doses on total cholesterol and LDL-C reduction 

was minimal. Patients receiving:OS; 10 g/day colestipol (mean 

8.5 g/day) or:OS; 8 g/day cholestyramine (mean 7.0 g/day) had a 
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Table 3. Drug Effect on Serum Total Cholesterol, LDL-Cholesterol, and HDL-Cholesterol Concentrations 

Serum Concentrations (mg/dL) 
Baseline Treatment 

Total Cholesterol 
Resin 269 mgldL 229 mgldL 
HMG 
inhibitors 278 mgldL 210 mgldL 
Combination 
therapy 268 mgldL 181 mgldL 

LDL-Cholesterol 
Resins 203 mgldL 169 mgldL 
HMG 
inhibitors 223 mgldL 159 mgldL 
Combination 
therapy 215 mgldL 125 mgldL 
HDL-Cholesterol 
Resin 39 mgldL 39 mgldL 

Absolute Difference % Change 

40 mgldL 15O,(,a 

67 mgldL 24%a 

88 mgldL 33%a 

34 mgldL 17%a 

64 mgldL 29%a 

89 mgldL 41%a 

o mgldL 0% 

4 mgldL 10%b 

5 mgldL 12%b 

HMG 
inhibitors 39 mgldL 43 mgldL 
Combination 

therapy 40 mgldL 45 mgldL 
a = P < 0.001; all drugs diller lrom each other. 
b = P < 0.05; HMG inhibitors and combination therapy differ from resin alone. 

Table 4. Cost-Effectiveness of Lipid-lowering Therapy ($ per 
mgldL Reduction per Year) 

Total Cholesterol 
Resins $58.80", 36.40 
HMG inhibitors $27.40", 14.40 

CombmatlOn therapy $31.60", 11.70 
+ = P < 0.0001 versus other treatments. 

LDL-C 
$48.70 ot 27.60 
$25.00", 12.30 

$30.60", 12.00 

14% reduction in total cholesterol and a 16% reduction in 

LDL-C, respectively. This compares with a 16% reduction in 
total cholesterol and an 18% reduction in LDL-C achieved by 

patients receiving higher doses of resins [> 10 glday colestipol 

(mean 21.8 glday) or> 8 glday cholestyramine (mean 19.5 
glday)]. A similar outcome was observed for patients receiving 
higher versus lower doses of resins as part of a combination 
therapy regimen. 

Therapy Costs The annual comprehensive costs of treating 

patients for one year are summarized in Figure 1. Total yearly 

treatment costs with combination therapy ($2,556) were sig- 

nificantly greater than treatment costs with resins alone 

($1,532) or HMG inhibitors alone ($1,635). The difference in 
treatment costs between HMG inhibitors and resins was not 
significantly different. The primary reason for the higher cost 
of the combination regimen was the higher acquisition cost of 
drugs. Concomitant drug therapy acquisition costs, clinic vis- 

its, and side effect costs were not significantly different among 
the three treatment groups. Monitoring costs including labora- 

tory tests and other diagnostic testing were doubled for HMG 
inhibitors alone and combination therapy compared with 
resins alone (-$330 vs $155). 

Cost-Effectiveness The cost-effectiveness of lipid-lowering 
therapy (dollars per patient per mgldL reduction per year) is 

summarized in Table 4. Resin therapy alone was significantly 

less cost-effective than HMG inhibitors alone or a combination 
of a resin plus an HMG inhibitor. Lower-dose resin therapy (::; 

8 glday cholestyramine or ::; 10 glday colestipol) was more 
cost-effective than higher-dose resin therapy. The cost per year 

per mgldL reduction in LDL-C for resin mono therapy was 

$40.20:t 26.90 for lower doses compared with $57.20 :t 32.7 
for higher doses. The cost per mgldL reduction in LDL-C for 

combination therapy was $26.40 :t 10.70 for lower doses of 

resin, compared with $33.02 :t 12.40 for higher doses of 

resins. 

DISCUSSION 
Lipid-lowering therapy in patients with coronary artery 

disease has been shown to be cost beneficial 1 2-19 A number of 
trials using pharmacologic manipulation of cholesterol have 

demonstrated a reduction in the need for revascularization, a 

reduction in clinical events, and a stabilization of coronary 
atherosclerosis12-19 The findings of these large clinical end- 
point trials are valuable in confirming the hypothesis that low- 
ering LDL-C with drugs is beneficial. However, these same 

trials are not very useful concerning decisions about product 
selection or treatment approaches from the perspective of an 
institution or an individual practitioner. 

Our study was designed to assess the direct costs of treat- 
ing patients with hypercholesterolemia using three common 
treatment approaches. All of our patients had failed diet thera- 

py before the initiation of drug therapy. We found that HMG 
inhibitors alone or a combination of an HMG inhibitor plus a 

resin were more cost-effective than a resin alone. The primary 
reason the resins were less cost-effective was that even though 
the resins total cost was similar to that of the HMG inhibitors, 
they reduced LDL-C by only 17% compared with a 29% re- 
duqion observed with the HMG inhibitors. We also observed 
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a fairly flat dose-response with resin therapy Lower-dose resin 

therapy resulted in an LDL-C reduction similar to that ob- 

served with higher-dose resin therapy As a result, lower doses 

of resins (~ 8 glday cholestyramine and ~ 10 glday colestipol) 

were more cost-effective than higher-dose resins, whether 

used as monotherapy or as part of a combination regimen. 
The results of our trial were actually similar to those previous- 
ly demonstrating a flat-dose response change with 
colestipol.20,21 

Limitations of our study include the use of data derived 

from a retrospective chart review. The strength of the data re- 

lies heavily on the quality of its documentation. Only clinical 

outcomes and events with written documentation in the med- 
ical record were included. This approach may have underesti- 

mated events or missed occurrences of patients seeking 

medical care with other physicians at other institutions. In ad- 

dition, because of the retrospective nature of the study, pa- 

tients were nonrandomly assigned to their initial drug therapy 

However, with the exception of diabetes mellitus, baseline de- 
mographic and clinical characteristics were not significantly 
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