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Purpose: We compared treatment adherence and persistence during treatment with an
angiotensin receptor blocker (ARB)-based single pill combination (SPC) and free equivalent
combination (FEC) and between SPCs of an ARB with a thiazide diuretic (TD) and an ARB with
a calcium channel blocker (CCB) as initial treatment in uncomplicated hypertensive patients
who received pre-packaged medications from the pharmacy.
Patients and methods: Uncomplicated hypertensive patients who started combination treatment consisting of ARB and either TD or CCB were identified from a Korean national claims
database. We used propensity score matching to construct two pairs of cohorts: SPC and FEC
cohorts (20,175 patients per cohort) and SPC cohorts of ARB + TD and ARB + CCB (45,253
patients per cohort). We compared adherence measured via the medication possession ratio as
well as overall 1-year and initial treatment persistence.
Results: Compared with the FEC cohort, the SPC cohort had significantly higher medication
adherence (OR 1.31, 95% CI 1.25–1.37), overall persistence (HR 1.33, 95% CI 1.28–1.38),
and initial treatment persistence (HR 1.61, 95% CI 1.56–1.64). Neither the rate of medication adherence nor the rate of treatment persistence differed significantly between the ARB +
TD and ARB + CCB cohorts. However, the ARB + CCB cohort had a significantly higher rate
of initial treatment persistence than did the ARB + TD cohort (HR 1.12, 95% CI 1.10–1.14).
Conclusion: Our data suggest that, compared with FEC therapy, initiating an ARB-based SPC
therapy may increase adherence and persistence in patients with uncomplicated hypertension
who also receive pre-packaged medication from the pharmacy. Although using an ARB +
CCB SPC may improve initial treatment persistence, it does not increase adherence or overall
persistence when compared with an ARB + TD SPC.
Keywords: single pill combination, persistence, adherence, hypertension, angiotensin
receptor blocker
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According to the National Health and Nutrition Examination Survey (2011–2014),
only 53.0% of patients with hypertension in the US meet their blood pressure (BP)
goal.1 Since uncontrolled hypertension increases the risk of adverse cardiovascular
events,2 barriers to controlling hypertension should be removed. One such barrier is
medication adherence.3 Medication adherence is particularly important because controlling hypertension usually requires multiple antihypertensive agents. For example,
in various high-risk populations, 2–4 antihypertensive agents were needed to properly
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control BP.4 In addition, just 40% of patients who achieved
their target BP after 5 years of follow-up remained on monotherapy in The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial.5 In fact, a combination
regimen with multiple antihypertensive agents may control
BP better with a lower probability of adverse drug events
and treatment discontinuation.6 Since guidelines for treating
hypertension, such as those in 2018 European Society of
Cardiology/European Society of Hypertension and the 2017
American College of Cardiology/American Heart Association, recommend combination regimens for most patients
with hypertension, preferably in single pill combinations
(SPCs), their use has steadily increased as the initial choice
for treating hypertension.7,8
Combination regimens have one major disadvantage, that
is, low medication adherence.9 Two strategies commonly
used to increase adherence in patients taking combination
regimen are the use of a medication organizer and SPCs.
Tools to help patients organize medications, such as pillboxes, blister packs, or packaging with a calendar feature,
have been shown to improve medication adherence.10–12 SPCs
have also been demonstrated to improve medication adherence and clinical outcomes in patients with hypertension
when compared to free equivalent combination (FEC).13–15
However, whether SPCs increase medication adherence when
compared to FECs in patients with uncomplicated hypertension who also receive a medication organizer is unknown.
Combination regimens including an angiotensin receptor
blocker (ARB) with either a thiazide diuretic (TD) or a
dihydropyridine calcium channel blocker (CCB) are widely
used. Given the difference in side effect profiles, these two
combination regimens may have different adherence rates.
One study showed that an SPC of ARB with hydrochlorothiazide significantly improved adherence compared with
the diuretic monotherapy.16 However, SPCs of ARB with
TD have not been compared with SPCs of ARB with CCB
for medication adherence.
In Korea, standard pharmacy practice is to dispense medications in a pre-packaged format according to their administration time (eg, morning, lunch, evening, and bedtime).
This practice applies to all outpatient pharmacies, including
community pharmacies. Therefore, the present study has
two main aims. We used nationwide insurance claims data
to compare medication adherence and persistence between
ARB-based SPC and FEC as initial treatment for patients
with uncomplicated hypertension who also received prepackaged medications from the pharmacy. We also evaluated
medication adherence and persistence between SPCs of an
ARB with TD and an ARB with CCB in the same population.
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Patients and methods
In this retrospective study, we used a national claims
database provided by the Health Insurance Review and
Assessment Service (HIRA), which covers the entire Korean
population.

Cohort selection
This study included adult patients ($18 years old) who had
an ICD-10 code of hypertension (I10, I11, I12, I13, or I15)
and started combination regimen consisting of an ARB and
either a TD or CCB in 2012. The first date of a prescription
for the study medication in 2012 was considered to be the
index date. Patients were excluded if they had an ICD-10
code for the following diagnoses: cardiovascular disease,
cerebrovascular disease, peripheral vascular disease, renal
disease, diabetes mellitus, or pregnancy. Patients were
also excluded if they received a prescription of an antihypertensive medication during the year preceding the index
date, received an antihypertensive medication for less than
7 days, or were hospitalized for .7 days after the index date.
Depending on the type of initial treatment for hypertension,
patients were grouped into SPC or FEC cohorts. In addition,
the SPC cohort was divided into ARB + TD and ARB +
CCB cohorts.

Study variables
The primary outcomes of the study were medication
adherence and persistence for 1 year after the index
date. Medication possession ratio (MPR) was used to
measure medication adherence. MPR was calculated by
summing days covered by antihypertensive prescriptions
over 1 year from the index date divided by 365 days. We
truncated MPR to 1.0 and categorized patients as fully
adherent (MPR $0.8), intermediate (MPR 0.4–0.79), or
low (MPR ,0.4).17 Medication persistence was defined as
receiving prescriptions for antihypertensive medications
with a gap of no more than 60 days between medication
supplies. The proportion of persistent patients was calculated overall, at 6 months, and at 1 year.
Potential confounders were age; sex; comorbid diseases
such as dementia, depression, and dyslipidemia; Charlson
Comorbidity Index (CCI) score; and insurance type. Data
on confounders were obtained from the national claims
database.

Statistical analyses
The descriptive statistics used were mean, SD, median,
and range. Student’s t-test and chi-squared test were used
to compare baseline characteristics between groups. To
Patient Preference and Adherence 2019:13
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reduce the effects of confounding factors, the cohorts were
selected by 1:1 matching using propensity scores calculated
with age, sex, and CCI. Multivariable logistic regression
analysis adjusted for potential confounders was used to
compare medication adherence between cohorts. Multivariable Cox proportional hazard regression analysis adjusted
for potential confounders was used to compare treatment
persistence between cohorts. We used SAS 9.3 (SAS Institute
Inc., Cary, NC, USA) and considered a P-value ,0.05 to be
statistically significant.

Ethics approval and informed
consent
This study was approved by the Seoul National University
Institutional Review Board (P01-201406-SB-03 – 02). Institutional Review Board waived informed consents because
only de-identified information was used.

Results
We identified 126,679 uncomplicated hypertensive patients
who started treatment with either ARB + TD or ARB + CCB.
More than 80% of the patients used an SPC regimen
(Figure 1). Of these patients, 56% used an ARB + TD. After
propensity score matching, SPC and FEC cohorts had 20,175

patients each. We also selected 45,253 patients for each of
the ARB + TD and ARB + CCB cohorts (Figure 1).

SPC versus FEC
Table 1 shows the baseline characteristics of each cohort.
The overall mean age was 56.1 years and 58.8% were male.
The prevalence of comorbid disease states did not differ
significantly between cohorts. However, a significantly lower
percentage of the SPC cohort had medical aid insurance than
did the FEC cohort (4.8% vs 5.5%; P=0.01). Also, the SPC
cohort had a higher prevalence of ARB + TD use than did
the FEC cohort (56.3% vs 15.2%; P,0.01).
Table 2 compares medication adherence and persistence
between cohorts. About two-thirds of the entire population
were fully adherent. Compared with the FEC cohort, the SPC
cohort had a significantly higher proportion of patients with
full or intermediate adherence. In addition, the SPC cohort had
significantly higher rates of medication adherence (0.8±0.3 vs
0.7±0.3; P,0.01), overall persistence (66.4% vs 59.2%;
P,0.01), and initial treatment persistence (41.9% vs 34.4%;
P,0.01). Furthermore, the SPC cohort had a longer duration
of overall persistence (285.5±120.5 days vs 262.6±130.5 days,
P,0.01) and initial treatment persistence (228.9±129.4 days
vs 175.1±151.1 days, P,0.01) than did the FEC cohort.
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Figure 1 Flow of study enrollment.
Abbreviations: ARB, angiotensin receptor blocker; CCB, dihydropyridine calcium channel blocker; TD, thiazide diuretic.
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1,197 (6.1)

8,573 (21.7)
2,426 (6.1)
23,708 (58.8)

65–79, n (%)

$80, n (%)

Sex, male, n (%)

8,704 (21.6)*

1, n (%)

19 (0.1)
64 (0.2)

Depression, n (%)

Dyslipidemia, n (%)

25,927 (64.3)

ARB + CCB, n (%)
8,823 (43.7)

11,352 (56.3)

35 (0.2)

10 (0.1)

0 (0.0)

4,351 (21.6)*

17,104 (84.8)

3,071 (15.2)

29 (0.1)

9 (0.0)

1 (0.0)

4,353 (10.8)*

15,822 (78.4)

1,113 (5.5)

19,062 (94.5)

11,841 (58.7)

1,229 (6.2)

4,255 (21.5)

14,691 (72.8)

56.1±13.9

FEC (N=20,175)

,0.01

0.45

0.82

–

0.98

0.01

0.79

0.63

0.99

P-value

–

–

24,073 (26.6)

2,849 (3.2)

–

–

12,401 (27.4)

1,513 (3.3)

350 (0.8)

1,427 (3.2)

2,881 (3.2)
784 (0.9)

5,081 (11.2)

38,745 (85.6)

1,500 (3.3)

43,753 (96.7)

28,247 (62.4)

991 (2.2)

6,223 (13.8)

38,039 (84.1)

53.0±11.6

ARB + TD
(N=45,253)

10,073 (11.1)

77,552 (85.7)

3,021 (3.3)

87,485 (96.7)

56,458 (62.4)

1,977 (2.2)

12,439 (13.7)

76,090 (84.1)

52.9±11.6

Overall
(N=90,506)

Note: *Patients having a Charlson Comorbidity Index score of 1 or more.
Abbreviations: ARB, angiotensin receptor blocker; CCB, dihydropyridine calcium channel blocker; FEC, free equivalent combination; SPC, single pill combination; TD, thiazide diuretic.

14,423 (35.7)

ARB + TD, n (%)

Therapeutic class of index therapy

1 (0.0)

Dementia, n (%)

Specific diseases

$2, n (%)

31,646 (78.4)

0, n (%)

15,824 (78.4)

963 (4.8)

2,076 (5.1)

Medical aid, n (%)

Charlson Comorbidity Index score

19,212 (95.2)

38,274 (94.9)

11,867 (58.8)

Health insurance, n (%)

Insurance type

4,318 (21.8)

29,351 (72.7)

14,660 (72.7)

56.1±13.8

56.1±13.8

SPC (N=20,175)

18–64, n (%)

Overall (N=40,350)

Mean ± SD

Age in years

Characteristics

Table 1 Baseline characteristics of study cohorts

–
–

–

,0.01

,0.01

,0.01

0.58

0.70

0.81

0.99

0.53

P-value

–

11,672 (25.8)

1,336 (3.0)

434 (1.0)

1,454 (3.2)

4,992 (11.0)

38,807 (85.8)

1,521 (3.4)

43,732 (96.6)

28,211 (62.3)

986 (2.2)

6,216 (13.7)

38,051 (84.1)

52.9±11.6

ARB + CCB
(N=45,253)
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25,332 (62.8)
274.1±126.1

Duration, days, mean ± SD

202.0±143.2

Duration, days, mean ± SD

6,710 (16.6)
26,546 (65.8)

Intermediate, n (%)

Fully adherent, n (%)

13,822 (68.5)

3,597 (17.8)

2,756 (13.7)

0.8±0.3

228.9±129.4

8,459 (41.9)

10,897 (54.0)

285.5±120.5

13,390 (66.4)

14,772 (73.2)

SPC
(N=20,175)

12,724 (63.1)

3,113 (15.4)

4,338 (21.5)

0.7±0.3

175.1±151.1

6,948 (34.4)

8,671 (43.0)

262.6±130.5

11,942 (59.2)

13,090 (64.9)

FEC
(N=20,175)

,0.01

,0.01

,0.01

,0.01

,0.01

,0.01

,0.01

,0.01

P-value

61,295 (67.7)

16,514 (18.3)

12,697 (14.0)

0.8±0.3

231.8±129.4

39,041 (43.1)

49,901 (55.1)

285.0±120.6

59,835 (66.1)

66,120 (73.1)

Overall
(N=90,506)

30,561 (67.5)

8,220 (18.2)

6,472 (14.3)

0.79±0.28

226.1±129.5

18,596 (41.1)

24,034 (53.1)

284.4±120.9

29,863 (66.0)

32,915 (72.7)

ARB + TD
(N=45,253)

30,734 (67.9)

8,294 (18.3)

6,225 (13.8)

0.8±0.3

237.4±129.1

20,445 (45.2)

25,867 (57.2)

285.7±120.2

29,972 (66.2)

33,205 (73.4)

ARB + CCB
(N=45,253)

Note: aWe categorized patients as fully adherent (MPR $0.8), intermediate (MPR 0.4–0.79), or low (MPR ,0.4).
Abbreviations: ARB, angiotensin receptor blocker; CCB, dihydropyridine calcium channel blocker; FEC, free equivalent combination; MPR, medication possession ratio; SPC, single pill combination; TD, thiazide diuretic.

7,094 (17.6)

Low, n (%)

MPR groupa

Mean ± SD

0.8±0.3

15,410 (38.2)

At month 12, n (%)

Treatment adherence

19,566 (48.5)

At month 6, n (%)

Initial drug persistence

27,833 (69.0)

At month 12, n (%)

Overall
(N=40,350)

At month 6, n (%)

Treatment persistence

Outcome variables

Table 2 Comparison of persistence and adherence between cohorts
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Table 3 Comparison of 1-year treatment persistence, initial treatment persistence, and adherence

Patient Preference and Adherence downloaded from https://www.dovepress.com/ by 3.237.67.179 on 30-Nov-2020
For personal use only.

Outcome variables

Adjusted hazard ratio or odds ratio [95% CI]
SPC vs FEC (reference)

ARB + CCB vs ARB + TD (reference)

One-year treatment persistence

1.33 (1.28, 1.39)

1.02 (0.99, 1.04)

Initial treatment persistence

1.61 (1.56, 1.64)

1.12 (1.10, 1.14)

One-year treatment adherence

1.31 (1.25, 1.37)

1.03 (1.00, 1.06)

Notes: Cox proportional hazard regression and logistic regression analyses were performed to compare persistence and adherence, respectively. Covariates were adjusted
for age, sex, insurance type, Charlson Comorbidity Index score, and underlying disease (dementia, depression, and dyslipidemia). Comparisons between SPC and FEC were
also adjusted for the type of ARB combination.
Abbreviations: ARB, angiotensin receptor blocker; CCB, dihydropyridine calcium channel blocker; FEC, free equivalent combination; SPC, single pill combination;
TD, thiazide diuretic.

Table 3 shows the likelihood of medication adherence and
persistence between the SPC and FEC cohorts after adjusting
for potential confounders. The use of SPCs was significantly
associated with a 30% higher medication adherence (OR
1.31, 95% CI 1.25–1.37), a 33% higher overall treatment
persistence (HR 1.33, 95% CI 1.28–1.38), and a 61% higher
initial treatment persistence (HR 1.61, 95% CI 1.56–1.64)
than was for the use of FECs.

ARB + TD versus ARB + CCB as SPC
Overall, the only baseline characteristics that differed significantly between the two cohorts were dementia, depression,
and dyslipidemia (Table 1). Dementia was significantly more
prevalent in the ARB + CCB cohort, whereas depression and
dyslipidemia were more common in the ARB + TD cohort.
The proportion of fully adherent patients did not differ
significantly between cohorts (Table 2). Approximately,
two-thirds of patients in both cohorts were persistent with
overall treatment. However, the ARB + CCB cohort had a
significantly higher rate of persistence with initial treatment
than did the ARB + TD cohort (45.2% vs 41.1%, P,0.001).
After adjusting for potential confounders, neither the
medication adherence rate nor overall persistence rate
differed significantly between ARB + TD cohort and
ARB+CCB cohort (Table 3). However, the use of ARB +
CCB SPC was significantly associated with a 12% higher
rate of persistence with initial treatment than was ARB + TD
SPC (HR 1.12, 95% CI 1.10–1.14) (Table 3).

Discussion
This study had the following main findings. The use of
ARB-based SPCs was associated with significant increases
in the medication adherence rate by 31%, overall treatment
persistence by 33%, and initial treatment persistence by 61%
in patients with uncomplicated hypertension when compared
with ARB-based FEC. These increased rates of medication
adherence and persistence were observed in patients who also
received pre-packaged medications format from pharmacies.
246
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The rates of medication adherence and persistence with overall
treatment did not differ between the ARB + TD and ARB +
CCB SPC cohorts, although the rate of persistence with initial
treatment was higher in the ARB + CCB SPC cohort.
Our data are consistent with results of previous studies
reporting that the use of SPCs may improve medication
adherence when compared with FECs. In a meta-analysis,
the use of SPCs increased MPR by ~8% in treatment-naïve
patients.13 Although one study reported no significant differences in the risk of treatment discontinuation between the use
of SPC and FEC in newly treated hypertension patients,6 other
studies have shown a lower discontinuation rate with the use
of SPC. For example, in a study of patients initiating ARB
+ CCB to treat hypertension, the use of SPC decreased the
rate of discontinuing initial treatment by 34%.18 In addition,
valsartan-amlodipine SPC had a continuation rate up to 35%
higher than that of FEC.19 Furthermore, patients initiating SPC
therapy of ARB + TD had higher adherence and treatment
persistence than did FEC users in a Taiwan population-based
study.15 Recent studies have reported that patients treated with
SPC had a higher adherence rate as well as better clinical
outcomes such as a lower rate of death or hospitalizations
due to adverse cardiovascular events than patients following
FEC regimen.20,21 Based on these favorable findings, recent
guidelines have encouraged the use of SPC for most patients
with hypertension,7,8 even though SPC is associated with high
cost and difficulty in dose titration of the individual components.22 Since generic SPC are becoming more affordable,
however, the cost issue is gradually being resolved.
Our study population received medications in a prepackaged format. In a meta-analysis on the effects of prepackaging medications with a calendar feature on medication
adherence, six of the ten included trials reported improved
medication adherence with pre-packaging.12 Thus, our data
suggest that using an ARB-based SPC may increase medication adherence and persistence even further in patients with
uncomplicated hypertension who also receive pre-packaged
medications.
Patient Preference and Adherence 2019:13
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In a previous study using a HIRA sample in 2009, the
use of SPCs was associated with a higher medication adherence in patients with hypertension when compared with the
use of FECs. Our study differed from that study in that ours
included only incident users, whereas the previous study
also included prevalent users. In addition, the previous study
included patients with complications from hypertension and
measured outcomes with only 1-year sample data.23
In our study, .80% of subjects received an ARB-based
SPC as initial therapy and both ARB + CCB and ARB + TD
combinations were used almost equally in the SPC cohort.
This result is related to the introduction of various SPCs in the
Korean pharmaceutical market. As of December 2013, 627
two-drug SPCs were approved to treat hypertension, many
of which were generic. The majority of currently available
SPCs in Korea are ARB based (91.5%).
Our data also suggest that using an ARB + CCB SPC
may improve the rate of persistence with initial treatment
compared with using an ARB + TD SPC, although they did
not differ in medication adherence or overall persistence.
Significantly fewer subjects discontinued initial treatment
in the ARB + CCB cohort (HR 0.89, 95% CI 0.88–0.91),
which might be due to differences in the incidence of adverse
drug events and medication tolerance between CCB and TD
groups. In a study that investigated reasons for treatment
modification in patients with hypertension, the most common reason was side effects.24 Another study comparing
between TD and CCBs found that TD had a higher incidence
of adverse events.25 In addition, using a CCB with an ARB
reduced the rate of dose-dependent adverse drug events
related to CCB.26
In our study, patients receiving ARB + TD using a
SPC were more numerous than those using FEC and the
opposite was true for ARB + CCB. These findings are
observed not only in our study cohort but also in the total
population from the national claims database provided by
HIRA before propensity score matching. Although selection bias may not be completely excluded, these findings
may be explained, in part, by the fact that SPC of ARB +
TD was introduced earlier and more widely available on
the Korean market than that of ARB + CCBs at the time
this study was conducted.
We acknowledge the following limitations of our study.
We were not able to investigate clinical outcomes due to
the relatively short-term follow-up and the unavailability
of clinical data, such as BP, in the claims data. As we
used only prescription claims to estimate persistence and
adherence, we were not able to assess whether patients
had actually taken medications. However, this method has
Patient Preference and Adherence 2019:13
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been widely adopted to assess medication adherence and
persistence.27–29 We compared medication adherence and
persistence between ARB-based SPC and FEC in patients
who also received pre-packaged medications (medication
organizer) from the pharmacy. As dispensing medications
in a pre-packaged format is a standard practice in Korea, we
could not evaluate the effect of a SPC in patients without a
medication organizer. So, the study results in favor of SPC
might be more pronounced in patients who were not provided
with a medication organizer.
We were also unable to determine the reasons for the
discontinuation of treatment, such as lack of efficacy or
development of an adverse drug event, because of the
unavailability of this type of data in the claims data.

Conclusion
Our data suggest that using an SPC may improve medication
adherence and persistence in patients with uncomplicated
hypertension who also receive a medication organizer, such
as pre-packaged medications. Clinicians may consider using
a SPC to improve medication adherence even if patients
are using a medication organizer. In addition, our data may
indicate that either ARB + CCB SPC or ARB + TD SPC
can be considered as an initial treatment for uncomplicated
hypertension, as the two combinations did not differ in the
adherence or overall persistence rate.

Data availability
The data could not be shared because the access to raw data
of the Korean HIRA service is regulated by the Rules for
Data Exploration and Utilization of the HIRA.
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