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Abstract
Objectives  We tried to clarify, by using representative 
national data in a real-world setting, whether single-pill 
combinations (SPCs) of antihypertensives actually improve 
medication adherence.
Design  A nationwide population-based study.
Setting  We used a 2.2% cohort (n=1 048 061) of the 
total population (n=46 605 433) that was randomly 
extracted by National Health Insurance of Korea from 
2008 to 2013.
Participants  We included patients (n=116 677) who were 
prescribed with the same antihypertensive drugs for at 
least 1 year and divided them into groups of angiotensin 
II receptor blocker (ARB)-only, calcium channel blocker 
(CCB)-only, multiple-pill combinations (MPCs) and SPCs of 
ARB/CCB.
Primary outcome measures  Medication possession ratio 
(MPR), a frequently used indirect measurement method of 
medication adherence.
Results  Adjusted MPR was higher in combination therapy 
(89.7% in SPC, 87.2% in MPC) than monotherapy (81.6% 
in ARB, 79.7% in CCB), and MPR of SPC (89.7%, 95% 
CI 89.3 to 90.0) was higher than MPR of MPC (87.2%, 
95% CI 86.7 to 87.7) (p<0.05). In subgroup analysis, 
adherence of SPC and MPC was 92.3% (95% CI 91.5 to 
93.0) vs 88.1% (95% CI 87.1 to 89.0) in those aged 65–74 
years and 89.3% (95% CI 88.0 to 90.7) vs 84.8% (95% 
CI 83.3 to 92.0) in those ≥75 years (p<0.05). According 
to total pill numbers, adherence of SPC and MPC was 
90.9% (CI 89.8 to 92.0) vs 85.3% (95% CI 84.1 to 86.5) 
in seven to eight pills and 91.2% (95% CI 89.3 to 93.1) 
vs 82.5% (95% CI 80.6 to 84.4) in nine or more (p<0.05). 
The adherence difference between SPC and MPC started 
to increase at five to six pills and at age 50–64 years 
(p<0.05). When analysed according to elderly status, the 
adherence difference started to increase at three to four 
pills in the elderly (≥65 years) and at five to six in the non-
elderly group (20–64 years) (p<0.05). These differences 
all widened further with increasing age and the total 
medications.
Conclusion  SPC regimens demonstrated higher 
adherence than MPC, and this tendency is more 
pronounced with increasing age and the total number of 
medications.

Introduction
Adherence to medication is an explanation 
of drug-taking behaviour and refers to taking 
drugs in compliance with the time, dose 
and frequency prescribed by the healthcare 
provider.1 The WHO defines medication 
non-adherence as a medically ill state because 
low medication adherence causes the illness 
to progress and lowers the overall health 
outcome.1 Non-adherence may lead to various 
clinical risks. In many studies, low adherence 
is associated with higher mortality and hospi-
talisation rates than higher adherence.2–4 
Also, in terms of health economics, non-ad-
herent patients use healthcare resources 
more than do adherent patients, and conse-
quently, the burden of social illness increases 
because of the increase in additional medical 

Strengths and limitations of this study

►► The strength of this study is that we not only com-
pared the adherence between combination and 
monotherapy of antihypertensive medications but 
also the adherence of single-pill combination (SPC) 
and multiple-pill combination  regimens in a re-
al-world setting by using National Health Insurance 
Service National Sample Cohort (NHIS-NSC), a rep-
resentative large-scale health insurance claims data 
of Korea accounting for 2.2% of the total population.

►► Another strength of this study is that we analysed 
the differences in medication adherence of subjects 
who continued to take antihypertensive drugs for at 
least 1 year for the maximum of 6 observed years.

►► NHIS-NSC data do not provide detailed information 
regarding some specific factors that could affect the 
medication adherence, such as the patient’s educa-
tion level, occupation, caregiver status, the family 
environment and healthcare provider factors.

►► We did not specify comorbidities according to se-
verity and only adjusted with the average number 
of diagnoses of the subject during the observation 
period.
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expenses.5–7 Non-adherence is observed more frequently 
for chronic than acute diseases, especially for hyperten-
sion, for which non-adherence is reported in 50%–70% 
of the cases.1 7–9 

Adherence to medication is determined by various 
aspects such as factors associated with the patient, condi-
tion, therapy, healthcare system, social/economic status 
and so on.1 5 7 10 Thus, to improve adherence, a strategic 
approach to the specific cause is needed. Regarding these 
factors, there were some previous studies showing a rela-
tionship between a lower number of medications taken by 
a patient and higher adherence in chronic diseases such as 
hypertension.11–15 This implies that selecting a single-pill 
combination (SPC) prescription could increase adher-
ence compared with a multiple-pill combination (MPC) 
prescription.11–15 However, most of the previous research 
reported results obtained under certain centre conditions 
or were short-term studies of small samples, and system-
atic field surveys using real-world representative data were 
not common. Therefore, the aim of this study is to inves-
tigate the effect of SPC on adherence to antihypertensive 
medication in a real-world setting. In order to do this, we 
first checked the overall medication prescription status of 
patients with hypertension and investigated the relation-
ship between multiple medication prescriptions, age and 
medication adherence to antihypertensive agents.

Methods
Data source
The data used in this study were obtained from the 
National Health Insurance Service National Sample 

Cohort (NHIS-NSC) of Korea. These data are a sample 
of 1 048 061 individuals, around 2.2% of the total popu-
lation (n=46 605 433), and provide national health infor-
mation according to sex, age and income. In addition, 
these cohort data are obtained through continuous 
observation every year and include qualification data 
(birth, death, sex, family relationship, address, property, 
income  and insurance type), and  medical service use 
data (billing statement, medical record, diagnosis record, 
prescription record and so on) (online supplementary 
figure 1).16

Study population
In total, 206 739 patients with hypertension taking anti-
hypertensive medications were selected from the 2008 to 
2013 NHIS-NSC (n=1 048 061, total outpatient prescrip-
tions: 221 750 977 cases). Patients with hypertension were 
defined as all patients with the International Classification 
of Diseases Tenth Revision (ICD-10) codes that featured 
hypertension (I10, I11, I12, I13, I15). Our selection of 
antihypertensive agents was limited to dihydropyridine 
calcium channel blockers (CCBs) and angiotensin II 
receptor blockers (ARBs), the most commonly prescribed 
antihypertensive agents.17 18 This was to exclude the effects 
of adherence due to the class effect of antihypertensive 
medications. Therefore, all ARBs, CCBs and ARB/CCB 
compound drugs, as classified according to the Anatom-
ical Therapeutic Chemical (ATC) classification system of 
drugs,19 that were sold domestically from 1 January 2008 
to 31 December 2013 were included as antihypertensive 
medication. A total of 108 types of drugs were identified 
under the ATC system. Since the Korean release date 
of Exforge (amlodipine/valsartan combination), the 
first ARB/CCB compound drug, was 1 September 2007, 
the analysis period was set as starting from 2008. Of the 
167 793 patients taking targeted antihypertensive agents 
(ARBs, CCBs and ARB/CCB compounds), only those 
aged ≥20 years were selected (n=167 234). To prevent 
statistical deviation caused by extreme values, the upper 
0.01% values for a number of drugs and diagnoses, along 
with missing values were excluded. Most ARB, CCB and 
SPC of ARB/CCB are prescribed as once-a-day dosing. 
When a high-dose prescription is needed in Korea, most 
clinicians prescribe one high-dose tablet rather than 
two regular dose tablets, because of insurance coverage 
standards. Therefore, most antihypertensive agents are 
prescribed so that patients are directed to take a 0.5 or 
1 tablet once a day. Thus, we excluded prescriptions 
that were not in the ‘0.5 or 1  tablet once a day’ form 
(n=162 564). In addition, only those who received antihy-
pertensive medication for at least 1 year were selected to 
ensure a more objective and stable measurement of medi-
cation adherence. As a result, 116 677 patients were ulti-
mately selected for the study (figure 1). Written informed 
consent was waived.

Assessment of adherence
Medication adherence was calculated using the medica-
tion possession ratio (MPR), a frequently used indirect 

Figure 1  Study population and data collection. ARB, 
angiotensin II receptor blockers; CCB, calcium channel 
blockers; MPC, multiple-pill combination; NHIS-
NSC, National Health Insurance Service National Sample 
Cohort; SPC, single-pill combination.
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measurement method.5 7 20 MPR is calculated by dividing 
the total days supplied (excluding supplied days for the 
last clinic visit) by the number of days between the first 
and last refills.7

MPR=total days supplied/number of days between the 
first and last refills (prescription period)

The limitation of MPR is that adherence can be over-
estimated because the total days supplied is assumed to 
be the days the drug is actually used.20 21 Nevertheless, 
MPR was used in this study because it is considered the 
best method to evaluate the adherence of antihyperten-
sive agents using retrospective data.21 Theoretically, MPR 
may exceed 100% if the patient visits prematurely before 
the drug is fully consumed. Thus, for the purposes of this 
study, MPR measuring over 100% was capped at 100%.

Factors related to adherence
Medication adherence is determined by the interactions 
of factors associated with the patient, condition, therapy, 
healthcare system, social/economic status and so on.1 5 7 10 
In this study, factors associated with the patient (age, sex), 
condition (comorbidity), therapy (drug costs, number 
of concurrent drugs, prescription period), healthcare 
system (insurance coverage) and social/economic status 
(income, residence) were derived as confounding vari-
ables and used in the statistical analysis. Education, 
occupation, related symptoms, adverse effects of the 
treatment, family and caregiver status, and medical staff 
factors, which are known to affect adherence, were not 
included in the study, because they were not identifiable 
in the NHIS-NSC data (online supplementary figure 2). 
In this study, comorbidities were calculated as the mean 
number of the subjects’ diagnoses during the observation 
period. The number of drugs taken was calculated as the 
average number of medications taken by subjects during 
the observation period.

Statistical analysis
The study subjects were divided into four groups according 
to the type of antihypertensive drugs they were taking: 
the ARB-only group, CCB-only group, MPC group and 
SPC group. The average adherence of the four groups 
was examined. Each group was assigned according to the 
last drug taken by the subjects to categorise them without 
overlapping (online supplementary figure 3). The reason 
for dividing the group according to the last drug taken is 
that selecting the last period of hypertension treatment 
enables to attain relatively stabilised medication adherence 
than choosing an early period of hypertension treatment. 
Another reason is that if the group is divided according to 
the initial drug taken, the SPC group may not be selected 
at all. We compared the average adherence of the four 
groups before and after adjusting confounding factors 
using analysis of covariance (ANCOVA). A subgroup 
analysis, which compared the differences in adherence of 
each group according to age group (20–49 years, 50–64 
years, 65–74 years and 75 years–) and number of medica-
tions, was conducted. We also compared the adherence 

difference between MPC and SPC therapies according to 
the combination of an old-age standard (65 years) and 
number of medications. Finally, a sensitivity analysis of 
age and the number of medications affecting differences 
in adherence was conducted. All analyses were conducted 
using STATA V.14.0 and p values <0.05 were regarded as 
statistically significant.

Patient and public involvement
There was no patient or public involvement in the devel-
opment of this study.

Results
Baseline characteristics
Of the 116 677 subjects, 29 400 were in the ARB-only 
group, 58 401 in the CCB-only group, 10 458 in the MPC 
group and 18 418 in the SPC group. Among all subjects, 
47.3% were men and 52.7% women. Most subjects were 
aged in their 60s, followed by those in their 50s, 70s and 
40s. Subjects had an average of three to four diagnoses 
and were taking an average number of four medications 
(three to four drugs were the most common, followed by 
four to five) (table 1).

Adherence comparison
The crude mean (mean ±SD deviation, (SD)) of MPR for 
each group was 81.0%±23.9% in the ARB-only group, 
80.9%±23.2% in the CCB-only group, 85.3%±19.6% in 
the MPC group and 87.7%±17.7% in the SPC group. 
The adjusted MPR was 81.6% (95% CI 81.3  to 81.9) in 
the ARB-only group, 79.7% (95% CI 79.5 to 79.9) in the 
CCB-only group, 87.2% (95% CI 86.7 to 87.7) in the 
MPC group and 89.7% (95% CI 89.3% to 90.0%) in the 
SPC group. Regardless of the adjustment, medication 
adherence was higher in the combination therapy than 
monotherapy groups, and adherence of the SPC group 
was higher than that of the MPC group when comparing 
combination therapies (p<0.05) (table  2). The adher-
ence difference between the SPC and MPC groups was 
more significant as age and the number of drugs taken 
increased. The adherence difference between the two 
groups started to increase when the number of medi-
cations was at five to six and further widened when the 
number of drugs increased (p<0.05) (table  2). The 
adherence difference between the MPC and mono-
therapy groups began to decrease when the number of 
medications was at seven to eight and there was simply 
no difference between them when the number of total 
drugs taken was nine or more. However, the difference 
between the SPC and monotherapy groups remained 
high (table 2, figure 2).

Subgroup analysis
The number of medications and adherence were anal-
ysed by dividing subjects into elderly and non-elderly 
groups (cutoff age: 65 years). Regardless of the elderly 
status, the adherence difference between the SPC 
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and MPC groups increased when the number of drugs 
increased. The adherence difference started to increase 
significantly when the number of drugs taken was at three 
to four in the elderly group (aged ≥65 years) and five to 
six in the non-elderly group (aged 20–64 years) (p<0.05) 
(figure  3). When a sensitivity analysis was conducted 
based on the number of drugs per detailed age group 
(20–49 years, 50–64 years, 65–74 years and ≥75 years), the 
same tendency emerged for overall medication adher-
ence. The age groups 20–49 years  and ≥75 years, which 
consisted of a relatively small number of samples, demon-
strated a similar tendency, but the tendency was only 
marginally significant (table 3).

Discussion
First, among the 1  048  061 patients enrolled in the 
NHIS-NSC from 2008 to 2013, 206 739 were diagnosed 
with hypertension, a prevalence of 19.7%. This differs 
somewhat from the 23.7% prevalence of hypertension 
in Korea, as reported by the Korean Centers for Disease 
Control and Prevention in 2013.22 The reason for this 
difference seems to be that some people do not get 
medical treatment even when diagnosed with hyperten-
sion. In fact, according to the Korean National Health 
and Nutrition Examination Survey (KNHANES) in 2013, 
the hypertension unawareness rate in Korea is 38.5% and 
the untreated rate is 34.7%.22 Considering these values, 

Table 1  Baseline characteristics (n=116 677)

ARB-only group
N(%) or mean±SD

CCB-only group
N(%) or mean±SD

MPC group
N(%) or mean±SD

SPC group
N(%) or mean±SD P value

Total 29 400 (25.2%) 58 401 (50.0%) 10 458 (9.0%) 18 418 (15.8%)

 � Male (47.3%, n=55 210) 13 834 25 499 5507 10 370 <0.01

 � Female (52.7%, n=61 467) 15 566 32 902 4951 8048

Age (years) 59.3±12.5 62.4±12.2 61.1±12.4 56.9±12.3 <0.01

 � 20–29 (0.6%) 263 204 48 148

 � 30–39 (4.2%) 1426 1695 417 1362

 � 40–49 (16.6%) 5455 8003 1653 4283

 � 50–59 (26.4%) 8259 14 621 2681 5212

 � 60–69 (27.7%) 7761 17 177 2944 4475

 � 70–79 (19.0%) 4997 12 604 2138 2412

 � ≥80 (5.5%) 1239 4097 577 526

Income <0.01

 � Low (33.8%) 9396 20 277 3646 6063

 � Middle (25.6%) 7304 15 081 2647 4868

 � High (40.6%) 12 700 23 043 4165 7487

Residence <0.01

 � Metropolitan (46.1%) 13 711 26 482 4771 8874

 � City (44.1%) 12 878 25 946 4670 7913

 � Rural (9.8%) 2811 5973 1017 1631

Health insurance <0.01

 � National health insurance 
(94.2%)

27 679 55 113 9662 17 406

 � Medical aid (5.8%) 1721 3288 796 1012

Average no. of diagnoses 3.6±1.9 3.1±1.8 3.6±1.9 3.1±1.7 <0.01

Average no. of medications 4.1±2.2 3.9±2.0 4.9±2.1 3.7±2.0 <0.01

Average cost of antihypertension 
drug (₩)

651±185 413±141 982±316 824±196 <0.01

Prescription period (days) 1,174±575 1,477±603 1,164±560 972±412 <0.01

Total days supplied (days) 954±562 1,218±629 1,000±545 855±407 <0.01

Medication possession ratio 
(MPR)

81.0±23.9 80.9±23.2 85.3±19.6 87.7±17.7 <0.01

ARB, angiotensin II receptor blockers; CCB, calcium channel blockers; MPC, multiple-pill combination; SPC, single-pill combination.
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the prevalence of hypertension in the sample of this study 
is similar to the prevalence in Korea. Thus, the data used 
in this study can be considered a representative sample 
reflecting the characteristics of the whole population 
without bias. Comparing these rates with other coun-
tries, the unawareness and untreated rates of hyperten-
sion in the USA during 2007–2010 were 18.9% and 26%, 
respectively.23 In England in 2006, the unawareness rate 
was 34.7% and untreated rate 48.7%.24 In Canada, the 
unawareness rate was 16.7% and untreated rate 20.1% 
in the period 2007–2009.24 These statistics indicate that 
the prevalence of hypertension identified in hospitals is 
slightly lower than the overall prevalence, suggesting the 
same tendency as found in this study.

In this study, the comparison of medication adherence 
of the four groups showed that adherence in combi-
nation therapy was higher than that in monotherapy. 
These results can be explained by applying the Health 
Belief Model.25 26 Those who think that the severity of 
their hypertension is higher (eg, by being prescribed 
combination therapy) are more likely to try to main-
tain adequate blood pressure by taking antihypertensive 
agents as prescribed.27 28 Schulz et al found that when 
prescribing antihypertensive agents such as ACE inhib-
itors, ARBs, beta blockers and CCBs with diuretics as 
SPC therapy, patients’ non-persistent risk was 8.4% lower 
and the possibility of non-adherence 19.4% lower than 
when prescribing these drugs as monotherapy without 
diuretics.29 Patel et al also reported that patients with SPC 
therapy including hydrochlorothiazide (HCTZ) demon-
strated higher adherence than those using HCTZ mono-
therapy.30 Patel  et  al’s study did not include subjects’ 
baseline blood pressure information, but assumed that 
the monotherapy group was in the early stage of hyper-
tension.30 In addition, Van Wijk et al reported that the 
group that had initiated hypertension treatment with 
combination therapy had higher drug persistence than 
the group that started with monotherapy. Furthermore, 
they assumed that the reason for the higher persistence 
for the combination therapy group was related to the 
severity of the disease.31 Another study by Hashmi et al 
reported that the average adherence of hypertensive 
patients was 79% when treated with monotherapy, 87% 
when treated with two drugs, and 90% when treated with 
three or more drugs.32 They also suggested that these 

Figure 2  Trends of medication adherences according to 
age group and the number of medications. ARB, angiotensin 
II receptor blockers; CCB, calcium channel blockers; MPC, 
multiple-pill combination; MPR, medication possession ratio; 
SPC, single-pill combination.

Figure 3  Difference of medication adherences between 
MPC and SPC therapies according to combinations of 
pill numbers and age. The number of drugs for which the 
adherence difference begins to increase is three to four in 
the elderly group (≥65 year) and five to six in the non-elderly 
group (20–64 year) (p<0.05). MPC, multiple-pill combination; 
MPR, medication possession ratio; SPC, single-pill 
combination. *MPR difference=MPR of SPC group – MPR of 
MPC group.
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results might be related to patients’ increased awareness, 
because of their hypertension severity. As such, patients 
treated with combination therapy may be more adherent, 
because they are more likely to take the medication with 
greater awareness than people treated with a single agent 
as their hypertension is more severe.

In this study, the medication adherence of the SPC 
group was found to be higher than that of the MPC group, 
consistent with the findings of previous research.11–15 A 
meta-analysis by Gupta et al, which compared antihyper-
tensive medication adherence between SPC and MPC 
prescriptions, confirmed the significantly higher adher-
ence of the SPC group than the MPC group in all three 
cohort studies and two trials (OR: 1.21; 95% CI 1.03 to 
1.43).12 Sherrill et al also performed a meta-analysis of 
seven studies that compared adherence between two 
groups using MPR. All seven studies reported significantly 
higher adherence in the SPC than MPC group, regardless 
of the experience of antihypertensive agents.13

Furthermore, previous studies comparing medication 
adherence to SPC and MPC of ARB/CCB regimens, such 
as this study, indicated the same results.14 15 In a study 
using pharmacy claims data by Zeng et al, the propor-
tion of good adherence in the ARB/CCB SPC group 
was 45.9%, higher than the 35.3% of the MPC group.14 
However, their study had fewer subjects and shorter obser-
vation periods, and only included two types of ARB/CCB 
compound pills for the SPC group.14 A real-world study by 
Baser et al reported that the adherence of the ARB/CCB 
SPC group was higher than the MPC group (OR: 1.38; 
95% CI 1.24  to 1.53).15 However, although Baser’s study 
was set in real world like this study, the sample size was 
small, including only 3259 subjects and short-term obser-
vation for 2 years. Regarding drug type, they included 
various types of ARB/CCB for the MPC group but limited 
the SPC group’s drug type to the valsartan/amlodipine 
compound.15 Compared with the two studies mentioned 
above, the current study may have confirmed the differ-
ences in adherence between SPC and MPC prescriptions 
by analysing long-term adherence for all ARBs, CCBs and 
ARB/CCB compounds available during the period of 
observation using a more systematic and representative 
large-scale data.

In addition, this study revealed that the higher the 
age, the greater the difference in adherence between the 
SPC and MPC groups (table  2, figure  2). According to 
Salas et al, cognitive impairment is a factor in decreasing 
adherence to antihypertensive medication in isolated 
patients.33 Moreover, according to Schwartz et al, the rate 
of drug use errors in patients aged >75 years was higher 
than those of patients <75 years.34 Presumably, it would 
be more difficult for the elderly to take both drugs accu-
rately without omission when taking MPC medications as 
the frequency of decline in both physical and cognitive 
functions is higher in older age.33 35 In this regard, as the 
patient’s age increases, prescribing SPCs that simplifies 
the complexity of the medication regimen may be more 
beneficial in increasing adherence because for MPC 

prescriptions compliance is reduced even when only one 
of the prescribed drugs is omitted.

We also confirmed that the greater the number of 
drugs taken, the greater the difference in adherence 
between the SPC and MPC groups (table 2, figure 2). The 
reason for this tendency is that patients on MPC therapy 
need to take two drugs separately; the additional medi-
cation increases the complexity to a greater extent than 
when SPC medication is taken. Toh et al reported that a 
complex medication regimen such as multiple doses per 
day and multiple medications was significantly associ-
ated with higher non-compliance and readmissions.36 In 
addition, Pasina et al reported that for the elderly aged 
>65 years hospitalised in internal medicine wards, the 
greater the number of prescription drugs at discharge, 
the lower the medication adherence and understanding 
of the purpose of medication.37 Therefore, prescribing an 
SPC regimen would be one way to increase medication 
adherence, especially of patients taking a large number 
of medications.

Finally, comparing the adherence difference between 
the SPC and MPC groups according to both age and 
number of medications, there was a dose–response rela-
tionship tendency in which the more the number of 
drugs, the more prominent the difference regardless 
of age. However, this tendency started to be significant 
when a number of drugs taking was three or more in the 
elderly group (aged ≥65 years) and five or more in the 
non-elderly group (aged 20–64 years) (figure  3). Thus, 
the number of drugs affecting medication complexity 
showed a slight difference between the elderly and 
non-elderly group. The significant point of the number 
of medications, namely the significant point when the 
adherence difference between SPC and MPC becomes 
statistically significant, was slightly different between 
the detailed age groups, but the tendency remained the 
same (table 3). The reason for this difference is that it 
is more difficult for older patients to adapt to regimen 
complexity, because of impaired physical and cognitive 
functions mentioned above.33 35

Our study is meaningful for two reasons. First, we anal-
ysed the adherence of antihypertensive agents by using a 
sample of national cohort data that represent about 2.2% 
of the total population. Second, we analysed the differ-
ences in medication adherence using cohort subjects 
who continued to take antihypertensive medication for 
at least 1 year for the maximum of 6 observed years. 
Although previous research analysed medication adher-
ence between the SPC and MPC of antihypertensive 
agents,11–15 they were either short-term studies or analysed 
in certain centres or under limited conditions. In addi-
tion, this study is meaningful, because it compared not 
only adherence with a combination therapy regimen type 
but also compared it with monotherapy. Furthermore, 
we investigated all of the prescriptions and the average 
number of associated diseases involved with the patients, 
which enabled us to more objectively adjust the factors 
associated with the therapy and the patients’ condition.
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In  contrast, because of limitations in data, this study 
did not reflect diverse socioeconomic factors such as the 
patients’ education level and occupation and did not 
include specific factors such as caregiver status, the family 
environment and healthcare provider factors. We also 
did not include antihypertensive agents other than ARBs 
and CCBs (eg, diuretics, beta blockers and so on) in the 
analysis. However, as the same class of drugs is homoge-
neous, we were able to focus on comparing the adher-
ence between SPC and MPC by eliminating the effects on 
adherence of drug classes other than ARBs and CCBs.

Moreover, there is a weakness in the analysis regarding 
adjusting for patients’ comorbidities. This study did not 
specify comorbidities according to severity and only 
adjusted with the average number of diagnoses of the 
subject during the observation period. But in reality, some 
patients are diagnosed with many mild diseases, whereas 
others have few diagnoses but more severe diseases. Also, 
although new diseases can be additionally diagnosed at 
any point in the observation period, a new disease diag-
nosed at a certain point cannot be considered as having 
affected the medication adherence of the whole observa-
tion period. That is why we adjusted the comorbidities as 
the average number of diagnoses.

Finally, due to the inevitable limitation of real-world 
claims data, we could not compare the first-year adher-
ence of each group even though the first year is usually an 
important phase for adherence in newly treated patients. 
When using real-world data such as the NHIS-NSC used 
here, it is practically impossible to divide the subjects into 
certain drug groups without implementing some oper-
ationalisation. This is due to the fact that medications 
prescribed to patients can be changed, added or even 
discontinued during the course of the observation period. 
Moreover, we concluded that categorising patients into 
four groups according to the last drug taken by subjects 
was the most ideal way as not many patients start with SPC 
as initial therapy unless their hypertension is severe. We 
also thought that comparing average adherence up to 
a maximum of 6 years was suitable, as the subjects in our 
study were not limited to newly treated patients.

In conclusion, those taking antihypertensive drugs as 
a combination therapy demonstrated higher adherence 
than those taking them as a monotherapy. Among the 
combination therapy patients, those on the SPC regimen 
demonstrated higher adherence than those taking the 
MPC prescription. This tendency was more pronounced 
with increasing age and the number of drugs taken. 
Therefore, if patients are older or taking numerous medi-
cations, prescribing antihypertensive agents as a SPC 
regimen may help improve medication adherence.
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