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ABSTRACT
Background: In Korea, the treatment of hyperten-

sion and dyslipidemia constitutes an important strategy
for the prevention of cardiovascular disease (CVD).

Objective: This study sought to investigate the cost-
effectiveness (from the Korean health care system
perspective) of prescribing a proprietary formulation
single-tablet fixed-dose combination of amlodipine
and atorvastatin (at weighted mean doses of 5 mg and
10.25 mg, respectively) to all eligible patients aged
≥45 years for the primary prevention of CVD (ie,
coronary heart disease and ischemic stroke) in Korea,
compared with currently observed patterns of blood-
pressure and lipid-lowering medication prescription
and use.

Methods: A Markov model was developed with
4 health states: alive without CVD, alive with CVD, 
dead from CVD, and dead from non-CVD causes.
The model population comprised 244 Koreans aged 
≥45 years from the 2005 Korean National Health and 
Nutrition Examination Survey (KNHNES) without a
history of myocardial infarction (MI) or stroke who 
met current criteria for both blood-pressure and lipid-
lowering treatment. From a 2008 baseline, follow-up
was simulated for 40 years. Cardiovascular risk was
estimated for each subject individually using a multi-
variate, Asian population–specific equation, and up-
dated with ongoing cycles. Decision analysis compared
the effects of prescribing the fixed-dose combination
to all subjects versus currently observed patterns of 
treatment. Data regarding the blood-pressure and
lipid-lowering efficacies of combination therapy were
drawn from the Respond trial. Costs of the fixed-dose 
combination tablet and CVD were sourced from phar-
maceutical pricing lists and Korean Health Insurance
Review and Assessment Services estimates, respec-

tively. Utility values for CVD were obtained from a 
large Korean utility study.

Results: In the model, of the 244 treatment-eligible 
subjects, 126 (51.6%) and 13 (5.3%) were taking 
blood-pressure and lipid-lowering therapy, respec-
tively. Use of single-tablet fixed-dose combination 
amlodipine and atorvastatin by all subjects was asso-
ciated with estimated incremental cost-effectiveness
ratios of 7,773,063 Korean won (KRW) per quality-
adjusted life-year gained and 10,378,230 KRW per 
overall life-year gained (1300 KRW ≈US $1). Sensitivity 
and uncertainty analyses indicated these results to be
robust.

Conclusions: In this model, based on data from the 
2005 KNHNES, hypertension and dyslipidemia were
undertreated among Koreans aged ≥45 years without
a history of MI or stroke. The administration of 
single-tablet fixed-dose combination amlodipine and 
atorvastatin to all such individuals was likely to rep-
resent a cost-effective means of preventing first-onset
CVD (ie, coronary heart disease and ischemic stroke) 
in this subgroup, compared with current patterns of 
treatment. (Clin Ther. 2009;31:2189–2203) © 2009 
Excerpta Medica Inc.

Key words: atorvastatin, amlodipine, single-pill com-
bination, cardiovascular disease, cost-effectiveness.

INTRORR DUCTION
In Korea, as in most developed countries, cardiovascu-
lar disease (CVD) is a leading cause of death and
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A number of economic evaluations of amlodipine 
have been undertaken previously and have generally 
recommended using amlodipine to prevent CVD.10–18

Equivalent data supporting the cost-effectiveness of 
atorvastatin are also in abundance.19–44 However, pub-
lished data regarding the cost-effectiveness of these
agents specific to the Korean health care setting are
sparse, and are limited to amlodipine alone.10 A 
search of the MEDLINE database on July 25, 2009, 
using the terms amlodipine, atorvastatin, and cost- 
effectiveness, with no time limits, did not identify any 
cost-effectiveness studies that assessed the use of a 
single-tablet fixed-dose combination of amlodipine 
and atorvastatin in Korea.

We sought to investigate the cost-effectiveness (from 
the Korean health care system perspective) of prescribing 
a proprietary formulation of single-tablet fixed-dose 
combination amlodipine and atorvastatin (at weighted 
mean doses of 5 mg and 10.25 mg, respectively) to all eli-
gible patients aged ≥45 years for the primary prevention
of CVD (ie, coronary heart disease and ischemic stroke) 
in Korea, compared with currently observed patterns of 
blood-pressure and lipid-lowering medication prescrip-
tion and use. An age threshold of 45 years was applied 
because use of blood-pressure and/or lipid-lowering 
medications among Koreans aged <45 years is rare.1

PATIPP ENTS AND METHODS
Approach and Model Structure

A cost-utility analysis was performed, the main aim
of which was to assess the effects of prescribing the 
proprietary formulation of single-tablet fixed-dose 
combination amlodipine and atorvastatin to all eligi-
ble Koreans aged ≥45 years without CVD compared 
with the effects of currently observed patterns of 
treatment. The key outcome of interest was incremen-
tal KRW per quality-adjusted life-year (QALY) gained.†

Modeled outcomes were also quantified in terms of 
KRW per overall life-year gained (LYG). 

QALYs acknowledge the fact that a year lived with
disease is not equivalent to a year lived in good health.
Mathematically, 1 QALY = 1 life-year × utility as-
cribed to existing disease. For example, if the utility
ascribed to a disease is 0.8, then 1 life-year with that
disease is equivalent to 0.8 QALY.

The reference condition in the modeled evaluation 
was CVD, comprising nonfatal or fatal myocardial

disability,1–3 and associated health care costs are high.
In 2005, coronary heart disease and stroke account-
ed for 329 billion Korean won (KRW) (2.0%) and
449 billion KRW (2.7%) of all insurance-covered 
health care costs, respectively.4 For both diseases, the
bulk of the expenditure was devoted to inpatient ser-
vices: 273 billion KRW (4.2%) for coronary heart
disease and 388 billion KRW (6.0%) for stroke.

There has been increasing focus in Korea on the
prevention of CVD via the treatment of cardiovascu-
lar risk factors. Of these, hypertension and dyslipi-
demia are highly prevalent and often concurrent 
among Korean adults.1 Furthermore, they act syner-
gistically to increase the risk of CVD.5,6 Although the 
importance of treating hypertension and dyslipidemia 
is well established in treatment guidelines, the current 
control of these risk factors remains poor.7

Recently, a proprietary single-tablet fixed-dose
combination of amlodipine (a dihydropyridine calcium
channel antagonist) and atorvastatin (a 3-hydroxy-
3-methyl-glutaryl coenzyme A reductase inhibitor, or 
statin) was developed.* It is the first combination of 
its kind designed to target 2 major cardiovascular risk 
factors simultaneously. The efficacy of single-tablet
fixed-dose combination amlodipine and atorvastatin
was recently assessed in the Respond study,8 a ran-
domized, placebo-controlled 3 × 5 factorial trial that 
assigned 1660 hypertensive patients with dyslipidemia 
to 15 possible combinations of placebo, amlodipine 
(5 or 10 mg), and atorvastatin (10, 20, 40, or 80 mg). 
At 8 weeks, patients who received the single-tablet
fixed-dose combination therapy experienced dose- 
related and statistically significant reductions in sys-
tolic blood pressure and low-density lipoprotein cho-
lesterol compared with those who received placebo
alone (P < 0.001 for all comparisons). Overall, the
single-tablet fixed-dose combination therapy was well 
tolerated and no adverse pharmacodynamic interac-
tions were reported in the Respond trial.8

In November 2004, the Korean Food and Drug
Administration approved the proprietary single-tablet 
combination of amlodipine and atorvastatin for use in 
patients for whom treatment with both drugs was ap-
propriate; the following fixed-dose combinations were 
approved: amlodipine/atorvastatin 5 mg/10 mg, 5 mg/ 
20 mg, and 5 mg/40 mg.9 The proprietary formulation 
was introduced to the Korean market in March 2006.

*Trademark: Caduet® (Pfizer Inc., New York, New York). †Exchange rate: 1300 KRW ≈ US $1.45
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by the Korean Health Insurance Review and Assess-
ment Services (HIRA),47 the national drug reimburse-
ment authority. The perspective adopted was that of 
the Korean health care system.

The decision analytic model was developed and
analyzed with Excel (Microsoft Corporation, Red-
mond, Washington).

Modeled Population
The population used in the modeled economic eval-

uation comprised a subset of the population enrolled
in the 2005 Korean National Health and Nutrition
Examination Survey (KNHNES).1 The 2005 KNHNES
was the latest of a series of cross-sectional national
surveys conducted every 3 years by the Korean Minis-
try for Health, Welfare, and Family Affairs. It collected 

infarction (MI) and/or ischemic stroke. A state-transition
Markov model with yearly cycles was constructed
with the following health states: alive without CVD, 
alive with CVD, dead from CVD, and dead from non-
CVD causes. Decision analysis46 was applied to the 
comparison of single-tablet fixed-dose combination 
treatment versus currently observed treatment pat-
terns.1 The model is conceptualized in Figure 1.

All individuals began the model analysis in the first 
health state, alive without CVD; follow-up of each
individual was simulated from his or her age at base-
line participation through death, until age 99 years, or
over a period of 40 years, whichever came first.

The baseline year of the model was 2008, beyond 
which future costs, LYGs, and QALYs gained were
discounted at an annual rate of 5%, as recommended 

Alive without CVD

Alive with CVD

Dead from CVD

Dead from non-CVD causes

Single-tablet
fixed-dose
combination
amlodipine and
atorvastatin

Current
treatment [Branches as above]

Stay alive; no acute CVD event

Nonfatal acute CVD event

Fatal acute CVD event

Die from non-CVD causes

Stay alive; no acute CVD event

Nonfatal acute CVD event

Fatal acute CVD event

Die from non-CVD causes

Alive without CVD

Alive with CVD

Dead from CVD

Dead from non-CVD causes

Alive with CVD

Alive with CVD

Dead from CVD

Dead from non-CVD causes

Figure 1. Conceptual representation of a Markov model analysis of the cost-effectiveness of single-tablet 
fixed-dose combination amlodipine and atorvastatin at weighted mean doses of 5 mg and 10.25 mg,
respectively (Caduet®, Pfizer Inc., New York, New York), versus current treatment patterns in
244 Koreans aged ≥45 years without a history of myocardial infarction or ischemic stroke who met 

the criteria for both blood-pressure and lipid-lowering treatment, based on data from the 2005 
Korean National Health and Nutrition Examination Survey.1 Follow-up was simulated for 40 years.
CVD = cardiovascular disease;  = Markov node.
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heart disease and/or ischemic stroke (nonfatal or fa-
tal) based on an individual’s sex, age, serum total 
cholesterol (in units of mmol/L), systolic blood pres-
sure (SBP, in units of mm Hg), current smoking status
(yes/no), diabetes mellitus status (yes/no), and body 
mass index (in units of kg/m2).

The Wu et al50 equation relies on age- and sex-
specific cardiovascular risks drawn from the popula-
tion to which the equation is applied, and is therefore 
self-calibrating. For our analysis, age- and sex-specific 
cardiovascular risks were derived from epidemiologic
data on CVD in Korea in 2004, as provided by
HIRA.51 The Wu et al equation also estimates the
probability of total CVD (ie, a composite of nonfatal
and fatal CVD). We were able to stratify this into
separate probabilities for fatal and nonfatal CVD by
applying sex- and age-specific proportions of first-
onset CVD that was fatal within 365 days; these data 
were also available for 2004 from HIRA.51

In the first cycle of the model, the cardiovascular-
related transition probabilities were calculated for
each subject using the values of the risk factor vari-
ables reported directly in 2005 KNHNES.1 With sub-
sequent cycles, cardiovascular risk profiles were up-
dated by changing the age, SBP, and possible diabetes 
mellitus status of each subject. Other risk factors were 
assumed to remain unaltered with age. SBP and diabe-
tes mellitus status were increased according to pre-
dicted age-related trends. Trends were determined
(separately for sex) by first calculating the mean SBP 
levels and prevalence of diabetes mellitus for each age
based on available cross-sectional data from 2005
KNHNES,1 then by fitting polynomial mathematical
functions to quantify the relationships between age,
mean SBP, and diabetes mellitus prevalence.

For subjects in the health state alive with CVD, the
probabilities of recurrent cardiovascular events and
death were derived from the HIRA data for the year
2004.51 These probabilities were expectedly much 
higher than those for subjects without CVD, but were
not determined individually because there were no ap-
plicable risk equations for this setting. Instead, the
same probabilities are assumed for all subjects within
the same age-and-sex stratum.

Age- and sex-specific risks of noncardiovascular
deaths were based on Korean population and mortality 
statistics for 2005, as supplied by the Korea National
Statistical Office.2 Risks of noncardiovascular mor-
tality were simply the differences between risks of all-

comprehensive information on the health and well-
being of Koreans based on self-reports of disease,
health behavior, and nutritional habits; physical exami-
nation; and blood sampling. In the 2005 KNHNES,
34,145 subjects representative of the national demo-
graphic profile were included in the survey. Of these,
10,816 underwent physical examination and blood
sampling.

The initial cohort used in the model comprised
244 males and females aged ≥45 years without a his-
tory of MI or stroke who met current Korean criteria 
for treatment with single-tablet fixed-dose combina-
tion amlodipine and atorvastatin. Treatment of car-
diovascular risk factors in Korea is largely dictated by 
the Korean National Health Insurance (NHI),48 which 
sets reimbursement criteria for various drug therapies.
Under the current NHI scheme, lipid-lowering therapy 
for the primary prevention of CVD is reimbursed for 
Koreans with total cholesterol levels of ≥220 mg/dL 
(5.7 mmol/L) who have ≥1 other risk factor (eg, hy-
pertension, smoking, diabetes mellitus, or obesity) or 
≥250 mg/dL (6.5 mmol/L) without an additional risk 
factor. The NHI does not impose specific restrictions 
to the use of antihypertensive therapy, but treatment
recommendations issued by the Korean Society of 
Hypertension are based on the US National Heart, 
Lung, and Blood Institute’s seventh report of the Joint
National Committee on Prevention, Detection, Evalu-
ation, and Treatment of High Blood Pressure.6,49

Therefore, subjects were assumed to be eligible for
single-tablet fixed-dose combination amlodipine and 
atorvastatin therapy if they met NHI criteria for lipid-
lowering therapy and if their blood pressure was 
>140/90 mm Hg at the time of participation in 
KNHNES, and/or if there was a self-reported history 
of hypertension.

Transition Probabilities
Information regarding the values and data sources

for the transition probabilities and other key inputs
are summarized in Table I.

In the model, cardiovascular risk was estimated for
each subject individually. The cardiovascular risk
equation used was that published by Wu et al,50 which 
was based on follow-up of >11,000 Chinese partici-
pants in the United States and People’s Republic of 
China Collaborative Study of Cardiovascular and Car-
diopulmonary Epidemiology. The equation estimated 
the probability of the composite outcome of coronary
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Table I. Key data inputs used in a Markov model analysis of the cost-effectiveness of single-tablet fixed-dose combination amlodipine and ator-rr
vastatin* versus current treatment patterns in 244 Koreans aged ≥45 years without a history of myocardial infarction (MI) or stroke who 
met the criteria for both blood-pressure and lipid-lowering treatment, based on data from the 2005 Korean National Health and 
Nutrition Examination Survey.1 Follow-up was simulated for 40 years.

Data Input Base-Case Value Uncertainty Range Data Sources

Underlying risk of CVD Individually estimated for ±25% (uniform) Wu et al50 cardiovascular
the modeled population ±25% (uniform)   risk equation and Korean

cardiovascular epidemiologic data51

Efficacy of single-tablet f ixed-dose
combination amlodipine and 
atorvastatin treatment

Change in systolic blood pressure –9.2 mm Hg 95% CI: –12.3 to –6.3 mm Hg Preston et al8 (Respond study) and 
  IMS Korea52

Change in total cholesterol –39% 95% CI: –43.0% to –35.0% Preston et al8 (Respond study) and 
IMS Korea52

Annual single-tablet f ixed-dose 
combination amlodipine and 
atorvastatin acquisition cost 402,397 KRW – HIRA53 and IMS Korea52

Cost of MI (per person) HIRA47

Year 1 7,814,848 KRW ±25% (uniform)
Year 2+ 1,285,656 KRW ±25% (uniform)

    Fatal event 1,661,503 KRW ±25% (uniform)
Cost of ischemic stroke per person HIRA47

Year 1 8,074,965 KRW ±25% (uniform)
   Year 2+ 1,046,679 KRW ±25% (uniform)

Fatal event 2,293,845 KRW ±25% (uniform)
Annual rate of increase in costs
of MI and ischemic stroke 0% 0% to 9% (uniform)

Annual discount rate 5% 0% to 7.5% (uniform)
Utilities Kang54

   MI 0.69 ±25% (uniform)
Ischemic stroke 0.50 ±25% (uniform)

Persistence with single-tablet 
f ixed-dose combination amlodipine
and atorvastatin at 1 year 63.9% 33.1% to 63.9% (uniform) Patel et al55

CVD = cardiovascular disease; KRW = Korean won (1300 KRW ≈ US $1)45; HIRA = Health Insurance Review and Assessment Services.
*Trademark: Caduet® (Pfizer Inc., New York, New York), at weighted mean doses of amlodipine 5 mg and atorvastatin 10.25 mg.
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tal cholesterol (TC) were based on data from the Re-
spond trial,8 and dose-specific costs of such therapy were
based on 2008 pharmaceutical price lists in Korea.53

In the model, all subjects in the single-tablet fixed-
dose combination amlodipine and atorvastatin group
were assumed to be taking a weighted mean daily
dose of amlodipine 5 mg/atorvastatin 10.25 mg,
which was calculated from IMS market data for Ko-
rea that were most recent at the time of study design
(ie, second quarter of 2008).52 The SBP- and TC-
modifying effects of this weighted mean daily dose of 
single-tablet fixed-dose combination amlodipine and
atorvastatin were estimated to be –9.2 mm Hg
(95%CI, –12.3 to –6.3 mm Hg) and –39.0% (95%CI,
–43.0% to –35.0%), respectively. Its annual cost
amounted to 402,397 KRW. The weighted mean val-
ues, including the 95% CI values of the efficacy mea-
sures, were simply the sum products of the dose-specific
market distributions (based on IMS data52) and dose-
specific efficacy (Respond study8) and cost values.

Among subjects in the single-tablet fixed-dose com-
bination amlodipine and atorvastatin group who were
already taking blood-pressure–lowering therapy, their
SBP levels were not altered. Similarly, TC was not al-
tered among subjects who were already taking lipid-
lowering therapy. Therefore, the underlying assump-
tion for subjects already taking blood-pressure and
lipid-lowering therapy was that they were taking the 
equivalent of 5 mg amlodipine and 10.25 mg atorva-
statin, respectively.

Among subjects receiving standard current treat-
ment, SBP and TC levels were unaltered.

The price of single-tablet fixed-dose combination
amlodipine and atorvastatin therapy was reduced by
10% after 1 year to simulate the penetration of ge-
neric agents into the Korean market.53

Persistence With Single-Tablet Fixed-Dose 
Combination Amlodipine and Atorvastatin Therapy

It was assumed that there would be 63.9% persis-
tence with single-tablet fixed-dose combination amlo-
dipine and atorvastatin at 1 year among everyone
who received this treatment. This figure was based on
a recent cohort study of pharmacy claims data from
the United States.55 Patients in that study were aged
≥18 years and had been newly prescribed various 
combinations of a calcium channel blocker and a stat-
in. Of the 4703 study subjects, 795 (16.9%) had been 
prescribed single-tablet fixed-dose combination amlo-

cause mortality and risks of cardiovascular mortality.
We acknowledged that the risks of noncardiovascular
mortality would be different for people with and
without existing CVD, and therefore applied differen-
tial probabilities based on data from the Danish Moni-
toring Trends and Determinants in Cardiovascular
Disease study, which undertook long-term follow-up
of Danish subjects after first-ever MI and ischemic
stroke.56,57 Specific Korean data were not available
for the present analysis.

Utilities
Utility weights for MI and stroke (in their chronic

states) were derived from an analysis of 2005 KNHNES 
data by Kang,54 using the EuroQoL-5 instrument. 
These were 0.80 and 0.58, respectively. To derive a
composite utility weight for prevalent CVD, which
was 0.63, the individual utility weights for MI and
stroke were applied to the proportional distribution 
of MI only (23.08%), stroke only (75.52%), and con-
current MI and stroke (1.40%), as observed in 2005
KNHNES.1 For concurrent MI and stroke, we applied
the lesser of the utility weights (ie, 0.58). Because the
utility values derived by Kang pertained to the preva-
lent (chronic) state, they were applied only to the cy-
cles subsequent to the cycle in which CVD first oc-
curred. No utility penalty was applied in the cycle in 
which CVD first occurred. Although this approach
was conservative (ie, it would have underestimated 
the cost-effectiveness of single-tablet fixed-dose com-
bination amlodipine and atorvastatin), the impact
would have been small in the context of a 40-year model
time horizon.

The utility weight for subjects without CVD was 
assumed to be 1.0.

Costs of Cardiovascular Disease
The estimated costs of incident (1 time only) and

prevalent (annual) MI and stroke were derived from
HIRA,47 and are summarized in Table I. In the base-
case analysis, the costs of CVD were assumed to stay
constant with time. In sensitivity analyses, a 9% an-
nual increase in the costs of CVD was evaluated, as 
suggested by HIRA.47

Effects and Costs of Single-Tablet 
Fixed-Dose Combination Therapy

Dose-specific effects of single-tablet combination am-
lodipine and atorvastatin therapy on SBP and serum to-
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and a statin.55 In general, uniform variations were ap-
plied when the probability distributions of the uncer-
tainty ranges around data inputs were not clearly de-
fined. In 1-way sensitivity analyses, the values of these
key inputs were varied 1 at a time while maintaining
the other inputs at base-case values.

The effects of variations to the key inputs were
then assessed simultaneously in multivariate uncer-
tainty analyses (probabilistic sensitivity analyses) in
2000 repetitions of a Monte Carlo simulation,61 using
Excel (Microsoft Corporation, Redmond, Washing-
ton) and the software @Risk for Excel (Palisade Cor-
poration, Ithaca, New York).

RESULTS
Characteristics of the Modeled Population

The characteristics of the modeled population, com-
prising 244 blood pressure and lipid-lowering treatment-
eligible subjects, are summarized in Table II. Because the
modeled population comprised subjects who met eligi-
bility criteria for single-tablet fixed-dose combination
amlodipine and atorvastatin treatment, the cohort com-
prised older individuals (mean age, 60.6 years) with ele-
vated lipids (mean TC, 245.2 mg/dL) and SBP (mean,
141.7 mm Hg). Of the 244 subjects, 126 (51.6%) were 
taking blood-pressure medications at baseline and 13 
(5.3%) were taking lipid-lowering medications.

Base-Case Analysis
Results of the base-case modeled economic evalua-

tion, based on the simulated 40-year follow-up of 
244 Korean adults aged ≥45 years without previous
CVD who met criteria for both blood-pressure and 
lipid-lowering treatment, are summarized in Table III.
The results compare predicted outcomes between the
single-tablet fixed-dose combination amlodipine and
atorvastatin group and the group treated according to
current patterns. Compared with the current-treatment
group, each subject in the single-tablet fixed-dose combi-
nation amlodipine and atorvastatin group gained an
additional 0.32 QALY (discounted) and 0.24 LYG. The 
net incremental cost (discounted) was 2,521,215 KRW
per subject. The estimated incremental cost-effective
ratio (ICER) was 7,773,063 KRW per QALY gained
and 10,378,230 KRW per LYG.

Sensitivity and Uncertainty Analyses
As indicated in Table IV, sensitivity analyses indi-

cated the results to be robust against variations to key

dipine and atorvastatin. Given the relative recentness of 
the entry of this formulation to the Korean market, spe-
cific Korean data about persistence with single-tablet 
fixed-dose combination amlodipine and atorvastatin 
therapy were not available at the time of our analysis.

Our model assumed a linear decrease in persistence
from 100% at baseline to 63.9% at 1 year, with no
further decline in persistence thereafter. The assump-
tion about temporal trends in persistence was sup-
ported by pharmacoepidemiologic data that suggested
that for both statins and antihypertensive medications, 
discontinuation rates decrease steadily until the end
of 1 year and plateau thereafter.58–60 The TC/SBP-
modifying effects of single-tablet fixed-dose combination
amlodipine and atorvastatin were adjusted downward
proportionally to simulate the effect of discontinuing
therapy with single-tablet fixed-dose combination am-
lodipine and atorvastatin; that is, they were also lin-
early decreased from 100% to 63.9% over the first
year, and maintained at 63.9% thereafter. The costs of 
single-tablet fixed-dose combination amlodipine and
atorvastatin were maintained at 100% for the entire
first year to simulate complete acquisition of single-
tablet fixed-dose combination amlodipine and ator-
vastatin in the year of its initiation (despite less than 
complete compliance), and then decreased to 63.9%
from the beginning of year 2 onward.

Sensitivity and Uncertainty Analyses
A series of 1-way sensitivity analyses were under-

taken with the limits of the 95% CI surrounding the 
TC and SBP efficacy measures for single-tablet fixed-
dose combination amlodipine and atorvastatin (trian-
gular uncertainty distributions), and ±25% uniform
variations to the Wu et al50 cardiovascular risk predic-
tions, utility weights, and CVD costs. To reflect the 
possibility that CVD may produce no long-lasting dis-
ability, another analysis was conducted that applied 
the utility penalty for CVD only in the year that a 
CVD event occurred. The annual discount rate ap-
plied to future costs, LYGs, and QALYs gained was 
also varied uniformly between 0% and 7.5%. The an-
nual rate of increase in CVD costs was varied uni-
formly from 0% to 9%. Finally, the 1-year persistence 
with single-tablet fixed-dose combination amlodipine 
and atorvastatin was assumed to be 33.1%, which 
was the lowest persistence rate observed among patients 
in the United States who were prescribed 2-tablet
combination therapy with a calcium channel blocker 
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ment patterns. Indeed, the analyses suggested ~2%
probability that the treatment would be dominant in
cost-effectiveness terms.

DISCUSSION
To our knowledge, this is the first economic evaluation
of single-tablet fixed-dose combination amlodipine 
and atorvastatin in the Korean context. The predicted 
ICERs suggest that compared with current patterns of 
blood-pressure and lipid-lowering treatment, the pre-
scription of single-tablet fixed-dose combination amlo-
dipine and atorvastatin to all treatment-eligible Kore-
ans aged ≥45 years would represent a cost-effective 
strategy for the primary prevention of CVD.

Part of the reason for this finding is the current un-
dertreatment of hypertension and dyslipidemia among
Koreans aged ≥45 years. This is especially true of dys-
lipidemia, with only 1 in 20 eligible patients receiving
lipid-lowering treatment.1 There have been a few stud-
ies of the inadequacy of treatment, including poor ad-
herence, among Koreans already using medications for 
hypertension and dyslipidemia,64–66 but our literature

data inputs.
Of the 2000 simulated results from the multivariate 

sensitivity Monte Carlo analyses, the mean (SD) dis-
counted QALYs gained and LYGs per subject from 
single-tablet fixed-dose combination amlodipine and 
atorvastatin treatment were 0.34 (0.15) and 0.27 (0.12),
respectively. The mean (SD) discounted net cost per
subject was 1,521,538 (719,296) KRW.

The mean (SD), 2.5th percentile, median, and
97.5th percentile values of the uncertainty range de-
rived for the KRW per QALY gained were 5,143,642
(2,566,647), 83,909, 5,235,040, and 9,932,154, re-
spectively. The equivalent values for KRW per LYG
were 6,718,588 (3,404,377), 103,009, 6,802,401, and 
13,339,537. These ranges of figures fall within gener-
ally accepted thresholds for ICERs.62,63

Uncertainty in the modeled outputs is graphically 
illustrated by the cost-effectiveness acceptability curves
presented in Figure 2, which emphasizes the high
probability that single-tablet fixed-dose combination
amlodipine and atorvastatin treatment would be a
cost-effective strategy compared with current treat-

Table II. Baseline characteristics of the modeled population (244 Koreans aged ≥45 years 
without a history of myocardial infarction or stroke who met criteria for both
blood-pressure and lipid-lowering treatment) in a 40-year Markov model of the
cost-effectiveness of single-tablet fixed-dose combination amlodipine and atorva-
statin* versus current treatment patterns, based on data from the 2005 Korean 
National Health and Nutrition Examination Survey.1

Variable Value

Sex, no. (%)
Female 169 (69.3)
Male 75 (30.7)

Age, mean (SD), y 60.6 (9.3)

Systolic blood pressure, mean (SD), mm Hg 141.7 (18.0)

Total cholesterol, mean (SD), mg/dL 245.2 (25.9)

Low-density lipoprotein cholesterol, mean (SD), mg/dL 240.4 (69.6)

Presence of diabetes mellitus, no. (%) 54 (22.1)

Smoker, no. (%) 41 (16.8)

Body mass index, mean (SD), kg/m2 25.1 (3.0)

Use of blood-pressure medication, no. (%) 126 (51.6)

Use of lipid-lowering medication, no. (%) 13 (5.3) 

*Trademark: Caduet® (Pfizer Inc., New York, New York), at weighted mean doses of amlodipine 5 mg 
and atorvastatin 10.25 mg. 
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lets of amlodipine and atorvastatin.55

Several limitations in our study are worth noting.
First, because there are no cardiovascular risk equa-
tions available that are specific to a Korean popula-
tion, we applied the Wu et al50 Chinese cardiovascular
risk equation to the model subjects instead. Although
this solution was not ideal, it was nevertheless con-
temporary, based on a North Asian population and 
self-calibrating (because it was based on age- and sex-
specific cardiovascular risks drawn from the Korean
population). Therefore, it was the most appropriate 
equation available. The most commonly applied car-
diovascular risk prediction equations are derived from 
Western populations, such as those from the Framing-
ham Heart Study,68,69 and as such are less applicable 
to Koreans. One compelling, but by no means the sole 
reason why data from Western populations are not 
entirely appropriate for Asian populations is that CVD
in Asians is dominated by stroke, while among non-
Asians, coronary heart disease is more common.

Second, because the Wu et al50 equation was limit-
ed to capturing primary (ie, first-ever) CVD events, we 

search did not identify any previous studies that ad-
dressed the specific issue of treatment-eligible Koreans
who received no treatment at all. The possible reasons 
for the treatment gap we noted in our analysis, which was 
based on real survey data, warrant further investigation.

The main strengths of our analysis include the use
of contemporary, representative data inputs and the
adoption of a microsimulation approach to modeling.
Compared with the more commonly used traditional
cohort analysis model, which is limited by an unrealis-
tic assumption that every subject in the modeled co-
hort shares the same characteristics, a microsimulation 
model employs individual-level data and simulates the 
unique health experiences of every subject.67 If, as in 
the case of our analysis, the modeled subjects are rep-
resentative of the population to whom results are to be 
applied, uncertainty surrounding the model’s results is 
reduced, and its generalizability is improved.61

An added advantage of single-tablet fixed-dose
combination amlodipine and atorvastatin treatment is
that it has the potential to improve patient adherence
compared with the coadministration of separate tab-

Table III. Base-case results of the modeled economic evaluation of single-tablet fixed-dose combination am-
lodipine and atorvastatin* in the simulated 40-year follow-up of 244 Korean adults aged ≥45 years 
without a history of myocardial infarction or stroke who met criteria for both blood-pressure and 
lipid-lowering treatment, based on data from the 2005 Korean National Health and Nutrition 
Examination Survey.1

Single-Tablet Fixed-Dose 
Combination

Current Amlodipine and
Treatment Atorvastatin Difference

Cardiovascular events, no. 189 139 50
Discounted LYGs, no. 3074 3134 60 (0.24 per subject)
Discounted QALYs gained, no. 2973 3052 79 (0.32 per subject)
Discounted CVD costs, KRW 610,751,422 459,281,442 –151,469,980
Discounted treatment costs, KRW 0 766,646,502 766,646,502
Discounted net costs, KRW 610,751,422 1,225,927,944 615,176,522
ICER, KRW per LYG † 10,378,230
ICER, KRW per QALY †Y 7,773,063

LYGs = life-years gained; QALYs = quality-adjusted life years; CVD = cardiovascular disease; KRW = = Korean won (1300 KRW ≈=
US $1)45; ICER = incremental cost-effectiveness ratio.
*Trademark: Caduet® (Pf izer Inc., New York, New York), at weighted mean doses of amlodipine 5 mg and atorvastat- 

in 10.25 mg. 
† ICER of single-tablet f ixed-dose combination amlodipine and atorvastatin versus current treatment patterns.
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for each age-and-sex stratum, but it did not begin the 
simulation with subjects with already-existent CVD.
Because secondary cardiovascular risk is greater than 
primary risk, and because secondary events are usu-
ally associated with greater mortality, the absolute 
benefit and cost-effectiveness of single-tablet fixed-

were only able to analyze the cost-effectiveness of 
single-tablet fixed-dose combination amlodipine and 
atorvastatin from a primary prevention perspective. 
This is not to say that the model ignored the risks and
effects of recurrent CVD or death among subjects
with existing CVD; it quantified these risks and effects 

Table IV. Results of 1-way sensitivity analyses in a Markov model analysis of the cost-effectiveness of single-
tablet fixed-dose combination amlodipine and atorvastatin* versus current treatment patterns in 
244 Koreans aged ≥45 years without a history of myocardial infarction or stroke who met the criteria 
for both blood-pressure and lipid-lowering treatment, based on data from the 2005 Korean National
Health and Nutrition Examination Survey.1 Follow-up was simulated for 40 years. 

Variation to Key Input Data ICER, KRW per LYG † ICER, KRW per QALY †Y

Base case 10,378,230 7,773,063

95% CI for TC-lowering effect of single-
tablet f ixed-dose combination amlodipine
and atorvastatin 9,715,494–11,127,617 7,256,703–8,352,189

95% CI for SBP-lowering effect of single-
tablet f ixed-dose combination amlodipine
and atorvastatin 9,493,103–11,709,396 7,067,360–8,820,710

25% Reduction in estimated Wu et al50

cardiovascular risk 12,998,903 9,806,125

25% Increase in estimated Wu et al50 

cardiovascular risk 8,834,045 6,565,884

25% Reduction in estimated CVD costs 10,496,116 7,851,966

25% Increase in estimated CVD costs 10,297,581 7,707,133

25% Reduction in utility values 10,378,230 6,942,155

25% Increase in utility values 10,378,230 8,834,357

Utility penalty for CVD applied only in the 
year that a CVD event occurred 10,378,230 9,958,704

9% Annual rate of increase in CVD costs 3,043,549 2,275,468

0% Discount rate 6,193,128 4,965,437

2.5% Discount rate 8,078,820 6,259,082

7.5% Discount rate 13,200,915 9,544,025

33.1% Persistence with single-tablet f ixed-
dose combination amlodipine and 
atorvastatin at 1 year 10,514,227 8,053,004

ICER = incremental cost-effectiveness ratio; KRW = Korean won (1300 KRW ≈ US $1)45; LYG = life-year gained; QALY = 
quality-adjusted life-year; TC = total cholesterol; SBP = systolic blood pressure; CVD = cardiovascular disease. 
*Trademark: Caduet® (Pfizer Inc., New York, New York), at weighted mean doses of amlodipine 5 mg and atorvastatin 

10.25 mg. 
† ICER of single-tablet f ixed-dose combination amlodipine and atorvastatin versus current treatment patterns.
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of concurrent MI and stroke would be the sum of the
individual costs. Similarly, the utility weight for con-
current MI and stroke was assumed to be equivalent 
to that of stroke alone (the lower of the 2 component
conditions). These assumptions underestimated the 
costs of CVD and the disability with which it is asso-
ciated, and therefore underestimated the ICERs asso-
ciated with single-tablet fixed-dose combination am-
lodipine and atorvastatin treatment.

Finally, the discounting of future years of life and 
QALYs (in addition to costs), as was undertaken in 

dose combination amlodipine and atorvastatin could 
have been greater in the secondary preventive setting.
Therefore, the restriction of our analysis to just the 
primary preventive setting underestimated the overall 
cost-effectiveness of single-tablet fixed-dose combina-
tion amlodipine and atorvastatin.

Third, it was assumed that the cost of concurrent
MI and stroke was simply the higher of the 2 indi-
vidual costs, rather than their sum. This assumption 
was made to avoid double counting; treatments for 
MI and stroke overlap, and it is unlikely that the cost 
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Figure 2. Results of the modeled cost-effectiveness acceptability curves in a Markov model analysis of the 
cost-effectiveness of single-tablet fixed-dose combination amlodipine and atorvastatin (Caduet®, 
Pfizer Inc., New York, New York) at weighted mean doses of 5 mg and 10.25 mg, respectively, versus 
current treatment patterns in 244 Koreans aged ≥45 years without a history of myocardial infarction 
or ischemic stroke who met the criteria for both blood-pressure and lipid-lowering treatment, based 
on data from the 2005 Korean National Health and Nutrition Examination Survey.1 Follow-up was 
simulated for 40 years. KRW = Korean won (1300 KRW ≈ US $1)45; QALY = quality-adjusted life-
year; LYG = life-year gained; ICER = incremental cost-effectiveness ratio.
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our analyses, is a subject of some debate. The reason 
is that many researchers and observers feel that such
discounting significantly underestimates the health 
benefits, and therefore the cost-effectiveness, of inter-
ventions.62 The main argument for discounting is that
individuals are not likely to value future good health
as much as they do current good health, as with future 
versus current material wealth.62 However, the most 
appropriate discount rate is not known, and perhaps
should be different from that of costs. We opted to 
discount future years of life and QALYs at a 5% an-
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CONCLUSIONS
In this model, based on data from the 2005 KNHNES, 
hypertension and dyslipidemia were undertreated among 
Koreans aged ≥45 years without a history of MI or
stroke. Compared with current patterns of treatment, 
the administration of single-tablet fixed-dose combi-
nation amlodipine and atorvastatin to all such indi-
viduals was likely to represent a cost-effective means 
of preventing first-onset CVD (ie, coronary heart dis-
ease and ischemic stroke) in this subgroup.
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