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ABSTRACT

Objectives To analyse the differences in hypertensive
complications according to continuity of care (COC) and
medication adherence in patients with hypertension.
Design A national population-based retrospective cohort
study.

Setting Secondary data analysis using National insurance
claims data at all levels of hospitals in South Korea.
Participants A total of 102519 patients diagnosed with
hypertension were included in this study.

Primary outcome measures The levels of COC and
medication adherence were estimated within the initial 2
years of the follow-up period, and the incidence of medical
complications was estimated within the subsequent 16
years. We used the level of COC to measure COC and the
medication possession ratio (MPR) to measure medication
adherence.

Results The average level of COC in the hypertension
group was 0.8112. The average proportion of the MPR in
the hypertension group was 73.3%. COC in patients with
hypertension showed varying results: the low COC group
had a 1.14-fold increased risk of medical complications
compared with the high COC group. In terms of the level
of MPR in patients with hypertension, the 0%—19% MPR
group had a 1.5-fold risk of medical complications relative
to the 80%—-100% MPR group.

Conclusions In patients with hypertension, high COC and
medication adherence for the first 2 years of diagnosis
can help prevent medical complications and promote
patients’ health. Therefore, effective strategies to improve
COC and medication adherence are required. Future
research should include some factors that may affect the
incidence of hypertensive complications, such as familial
aggregation, and hazard stratification by the level of
blood pressure, which were not considered in this study.
Therefore, there may be residual confounding and still
room for improvement.

INTRODUCTION

Hypertension is one of the most important
health issues worldwide.! In terms of the
global prevalence of hypertension, almost
1.4billion people, which is almost 20% of
the world population, have hypertension.”

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The study had a long follow-up period (18 years)
and included over 100000 participants, which are
regarded as indicators of relatively higher reliabil-
ity and validity in cohort studies according to the
European Society of Cardiology.

= The used database contained data on health service
use of over 50000000 Korean citizens’ (99.7% of
whole population), indicating that it was nationally
representative.

= Hypertension  (International  Classification  of
Disease-11 code: 1.10) was selected from the
Ambulatory Care-Sensitive Conditions list in the
Agency of Health Research and Quality standard and
hypertensive complications were selected accord-
ing to the definitions from World Health Organization
and the advice from specialists in internal medicine.

= Owing to the retrospective nature of the study, the
possibility of bias, including misclassification bias,
may not be excluded.

= Some factors that may affect the incidence of hy-
pertensive complications, such as familial aggrega-
tion, and hazard stratification by the level of blood
pressure were not considered.

In an evaluation of all risk factors by the
World Health Organization (WHO) and
the Global Burden of Disease Study, hyper-
tension ranked first as a contributor to the
burden of disease at 20%, with a contribution
greater than that of obesity.” Hypertension
progresses in approximately 50%, 33% and
10%-15% of cases caused by coronary artery
disease or heart disease, stroke and renal
disease, respectively.1 It is closely related to
ischaemic heart disease, which is the leading
cause of death worldwide.”

Hypertension is also classified as an Ambu-
latory Care-Sensitive Condition (ACSGs),
which means that early diagnosis and inter-
vention are beneficial in preventing the
medical complications that may result in
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death, hospitalisation and major medical costs.” ACSCs
have been classified by the Agency of Health Research and
Quality (AHRQ), and 16 diseases selected by the AHRQ
can be prevented from progressing if they are treated
effectively in a timely manner by providing prevention and
medical services.® By treating and managing these condi-
tions early, hospitalisation due to aggravation or compli-
cations of the disease can be reduced.’ Early intervention
in an outpatient setting slows the onset and progression
of the disease’ and prevents avoidable hospitalisation.”®

ACSCs are representative indicators for evaluating the
accessibility and quality of primary care, which plays a
pivotal role in ‘early intervention’.” To assess the manage-
ment of ACSCs in medical institutions, including primary
care, continuity of care (COC) and medication posses-
sion ratio (MPR) are the most important indicators of
measurement tools. COC refers to a continuous relation-
ship and consultation between a patient and physician,
and the MPR refers to the compliance rate of medica-
tions as prescribed by a physician. Therefore, these two
measurements are broadly used for the evaluation of the
ACSCs management.

Several studies have focused on hypertension, COC and
medication adherence.'”"® However, the study design of
previous studies was limited by the setting, and the small
number of patients included.'”"® This study used the
National Health Insurance Service (NHIS) database, in
which over 50million patients are registered.'” Patient
data include physician visit information and the prescrip-
tion data for each visit."” As national health insurance is
mandatory for every citizen in South Korea, the reliability
of the data is high and data are representative of the
population on a national level."

The objective of this study was to analyse the effect of
providing timely and effective ambulatory care to patients
with early hypertension on preventing the occurrence of
medical complications using COC and the MPR as indi-
cators of effective care. The secondary objective was to
assess the outcomes of hypertension according to the
level of hospital at which patients were treated.

METHODS

This national, population-based, retrospective cohort
study investigated the incidence of hypertension from 1
January 2002 to 31 December 2019 among the general
population in South Korea. We analysed the secondary
data using national insurance claims data at all levels of
hospitals in South Korea. Unlike previous studies on the
risk of complications according to the COC and medica-
tion adherence, this study examined the time variance,
including the time from the first visit to initial 2 years of
the medical institution, and limited the patient’s age (>30
years)."*

Inclusion and exclusion of participants
This study used the data of 1.4million individuals from
the NHIS database from 2002 to 2019 selected using

stratified sampling.”” The NHIS database, which includes
the medical records of more than 50 million people, is
stratified by sex and age group (18 strata) . To maintain
representativeness, sampling was performed according to
the demographic characteristics and income deciles in
South Korea.'? In addition, these cohort data were linked
to the national health check-up database, including data
of over 66% of the general population (over 33 million)
in South Korea. Furthermore, information on the cause
of death was provided by linkage to death data from the
National Statistical Office.'” '®

After excluding patients with missing data for any of
the key variables, data on the medical claims of 102519
patients with hypertension (International Classification
of Disease code: 1.10) were extracted from the NHIS data-
base, covering the 2002-2019 period, and included in the
analysis. No patients were lost to follow-up because all
medical records were registered through the electronic
medical record system and tracked in accordance with
the ‘National Health Insurance Act’ established by the
Korean government.

To avoid bias, we excluded patients who were prescribed
drugsless than twice (n=53 662) to enable proper measure-
ment of the MPR; patients aged <30 years (n=6630) to
exclude low-risk patients; patients who visited medical
institutions in 2002 and 2003 (n=54180) as an wash-out
period; patients with medical complications (n=5698)
to prevent contamination of results on the incidence of
complications; those who were diagnosed with hyperten-
sion from 2016 to 2019 (n=38340) to maintain the base-
line characteristics of the target population; patients who
had taken related drugs or undergone related procedures
or surgeries according to the AHRQ guidelines on ACSCs
(n=2047); those who had visited the medical institution
before the index date due to hypertension (n=9919), or
who visited the emergency room or were hospitalised
within 2 years of the index date according to the AHRQ
guidelines on ACSCs research (n=8907) to avoid unequal
baseline characteristics; those who died within 2 years
of the index date (n=1065) for the wash-out period of
mortality and severity; and patients who visited medical
institutions less than four times after the index date
(n=22308) to enable proper measurement of COC. After
these exclusions, retrospective data of 102519 patients
(out of 1.4million members of the general population of
South Korea) were included in the analysis (figure 1).

Measurements

COC was defined as ‘continuance of care by a healthcare
provider to meet a patient’s medical needs providing
high-quality and harmonised care’."” Additionally, with a
good level of continuous care provided by the physicians,
the hospitalisation rate, prevalence and the number of
medical visits are reduced.'® Methods for measuring COC
include the COC, Usual Provider of Care index, Most
Frequent Primary Care and the Modified Continuity
Index."” We used COC as an indicator.
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Figure 1 Flow diagram of the study population. ICD, International Classification of Disease.
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Table 1 Risk of complications of hypertension according to the COC level

COC level No of patients No of events IR per 1000 PYR HR* (95% CI) P value
High 52179 7143 15.4 Ref
Low 50340 8142 17.7 1.14 (1.10to 1.17)t <0.001

*Adjusted for sex, age, insurance type, income, number of visits, number of providers, level of hospital and comorbidities
Tp<0.001.
COC, continuity of care; IR, incidence rate; PYR, person-years at risk.

Shortell identified four core factors required for COC.*"  the defined daily dose. An MPR value of 100% means
First, the data should be of individuals. Second, analysed  complete medication adherence.

data should be distinguished and compared when indi- The major limitation of MPR estimation is that it is
viduals visit different medical institutions and providers.  based on retrospective data review, and patients may
Third, COC should reflect the total number of visits for have received unrecorded medication. However, owing
care. Finally, appropriate referral patterns should also to the Korean pharmaceutical information system,

be considered.” South Korea has a fee-forservice system  unrecorded prescriptions cannot occur in NHIS data.'?
without a proper referral system.”' Another limitation of the MPR method is sharing medi-

COC measures COC on a scale of 0-1, based on all cine between family members. However, sharing of medi-
visits to medical institutions. It weighs both the frequency  cation is likely to be minimal, because each medical
of visits to each provider and the dispersion of visits  appointment is scheduled according to the number of
between providers. If every visit for medical services to  days of medication prescribed in South Korea. The major

one provider, the COC index will be 1. The formula is: strength of the MPR method is that by researching diseases
M2 N containing data on changeable parameters, such as blood
coc==rJ pressure, HbAlc, fasting blood glucose, researchers can

N(N-1) closely estimate patient health status based on the drugs

that they are prescribed. We received professional advice
from specialists in internal medicine and cardiology for
the selection of antihypertensive drugs and its list (online
supplemental table 1).

Medical complications of hypertension—coronary
artery disease, vascular complications, cerebrovascular
disease, heart disease and hypertensive nephropathy—
were selected based on WHO documentation.' The WHO
documentation also includes cognitive impairment as a
type of hypertensive complication,' but as data on mental
examination were unavailable, we were unable to include
cognitive impairment as a complication in our study.

N=total number of ambulatory care.

nj =number of visits to provider

M-=total number of provider.

The major drawback of this method is that it is not
applicable if there are fewer than four visits."* This is not
an ultimate threshold of COC, but is used in practice.

Medication adherence refers to the degree of compli-
ance with medications prescribed by a physician. Accu-
rate tracking of prescription data is essential for analysing
medication adherence as well as effectively predicting
healthcare costs and utilisation.'* To measure medication
adherence, the MPR and proportion of days covered are

usually used for analysis.'” The formula for MPR is:
Statistical analysis

Explanatory variables influencing COC, MPR and the
occurrence of complications in patients with hyperten-

The MPR is usually estimated using prescription data. sion included sex, age, insurance type, income, outpa-
For example, prescription data were provided with tient status, COC, MPR level of the patient, number of

MPR = > daysof supplymeﬁt of, ﬁlLs in a period «100
total days in a period

Table 2 Risk of hypertensive complications according to the MPR level

MPR level No of patients No of events IR per 1000 PYR HR* (95% CI) P value
Excellent 56939 7143 14.1 Ref

Good 16012 2695 17.9 1.24 (1.18 to 1.29)t <0.001
Normal 11808 2146 19.5 1.36 (1.29 to 1.42)t <0.001
Bad 9996 1834 20.3 1.42 (1.35 to 1.50)t <0.001
Very bad 7764 1467 214 1.50 (1.42 to 1.59)t <0.001

*Adjusted for sex, age, insurance type, income, number of visits, number of providers, level of hospital and Comorbidities
1p<0.001.
IR, incidence rate; MPR, medication possession ratio; PYR, person-years at risk.
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visits, number of providers, main medical institution
and comorbidities. Patients without values for any of
these variables were excluded. Subgroup analysis was
performed for primary care visits to assess the efficiency
of the healthcare system in South Korea. The statis-
tical significance of differences between the groups was
assessed using Student’s t-test and analysis of variance. P
values<0.05 were regarded as statistically significant. The
Kruskal-Wallis test and Wilcoxon rank-sum test were used
to compare continuous variables that were not normally
distributed, and Fisher’s exact test was used to compare
categorical variables between the groups.

Insurance type is divided into two categories: health
insurance beneficiaries and medical aid recipients.
The national health insurance system in South Korea
enables medical aid recipients to obtain free health
services because it is based on the lowest level of house-
hold income. Income was divided into 10 categories as
described in online supplemental table 2.

COC was divided into two categories: high (COC
index=1) and low (COC index <1). Most COC-related
research in South Korea uses this standard because the
overall levels of COC in South Korea are high compared
with those in other countries. According to Organisation
for Economic Cooperation and Development (OECD)
statistics on healthcare utilisation, South Korea has a
threefold higher outpatient and inpatient medical care
use than the OECD average.” In this study, the mean
COC index was 0.8112, confirming the high level of COC
in South Korea. In previous studies, the MPR has gener-
ally been divided into three categories (>80%, 50%-80%
and <50% of MPR) or two categories (>60% and <60%
of MPR).* ** However, we decided to use five catego-
ries (excellent: 80%-100%, good: 60%-80%, normal:
40%—-60%, bad: 20%-40% and very bad: 0%-20%) to
enable more detailed analysis of the MPR. Outpatient
status, number of visits, number of providers and main
medical institution are required factors for calculating
the COC level.

The term ‘comorbidity’ indicates that patients or partic-
ipants have different diseases that can affect the results
of the study. Comorbidities are sometimes confused with
complications, but comorbidities differ from complica-
tions because they do not occur as a result of the target
disease. Defining comorbidities plays a pivotal role in risk
adjustment because confounding can occur if the results
are not adjusted for comorbidities.

In this study, we selected diabetes and dyslipidaemia
as comorbidities, which are cofactors of cardiovas-
cular disease, cerebrovascular disease and hypertensive
nephropathy.”"” These two types of disease could affect
the incidence of hypertensive complications.

Categorical variables associated with the level of COC
(low vs high) were compared using the y test. A compar-
ison of complications according to the COC and MPR
was performed using Kaplan-Meier survival curves and
log-rank tests. The differences in medical complications
according to COC and MPR were examined. The Cox

proportional hazards model was used to compare the
risk. HRs and 95% CIs were estimated using multivariable
Cox proportional hazards regression.

The study has been prepared in accordance with the
STRengthening the Reporting of OBservational studies
in Epidemiology (STROBE) guidelines. This study was
conducted in accordance with the Declaration of Helsinki.

Patient and public involvement

We did not involve patients and public in this study
because it was a retrospective study using data from the
NHIS database.

RESULTS
The average COC level in the hypertension group was

0.8112. The average MPR in the hypertension group was
73.3%.

General characteristics of patients with hypertension

The patient characteristics are shown in online supple-
mental table 1. Of the patients, 51522 (50.3%) were male
and 50997 (49.7%) were female. The over 80-year age
group was the largest age group (27.0%), followed by the
70-79years (21.5%) and 60-69years (18.1%) age groups.
The vast majority of patients (94.0%) were covered by
national health insurance. The largest income catego-
ries were the 9th—10th decile (27.0%), followed by the
7th-8th decile (21.5%) and the 5th—6th decile (18.1%).
The most common outpatient visit categories were 7-9
visits (29.7%), followed by 10-12 visits (29.5%) and >13
visits (25.0%). Of the patients, 50.9% visited only one
provider and 31.0% visited two providers. The majority
of patients visited clinics (70.8%). The most common
comorbidities were dyslipidaemia (49.8%) and diabetes
(28.7%). Approximately half the patients (50.9%) had a
high level of COC. The majority of patients (55.5%) had
an excellent MPR. The most frequent years of diagnosis
were 2004 (10.1%), 2005 (12.1%) and 2006 (10.1%).

Risk of complications of hypertension according to the COC
and MPR level
Compared with the high COC group, participants in the
low COC group had a significantly higher risk of compli-
cations (HR 1.14, 95% CI 1.10 to 1.17) (table 1).
Compared with the excellent MPR group, the risk of
developing hypertensive complications was significantly
higher in the good, normal, bad and very bad MPR
groups (table 2).

Risk of specific types of hypertension complication according
to the COC and MPR levels

Kaplan-Meier survival curves showing the time until
complications occurred according to the COC and
MPR are shown in online supplemental figures 1 and
2, respectively. The risks of developing coronary artery
disease, vascular complications, cerebrovascular disease,
heart disease and hypertensive nephropathy according
to each COC and MPR level are shown in tables 3 and
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Table 3 Risk of medical complications of hypertension according to the COC level

COC level
Complication Parameter High Low
CAD Events (N) 2117 2350
IR per 1000 PYR 4.4 4.9
HR* (95% Cl) Ref 1.10 (1.03 to 1.16)T
P value - 0.002
Vascular complications Events (N) 412 451
IR per 1000 PYR 0.8 0.9
HR* (95% ClI) Ref 1.07 (0.94 to 1.23)
P value - 0.302
Cerebrovascular disease Events (N) 3639 4178
IR per 1000 PYR 7.6 8.7
HR* (95% Cl) Ref 1.14 (1.09 to 1.19)%
P value - <0.001
Heart disease Events (N) 2602 2951
IR per 1000 PYR 5.4 6.1
HR* (95% Cl) Ref 1.11 (1.06 to 1.17)%
P value - <0.001
Hypertensive nephropathy Events (N) 716 768
IR per 1000 PYR 1.5 1.6
HR* (95% ClI) Ref 1.05 (0.95 to 1.16)
P value - 0.367

*Adjusted for sex, age, insurance type, income, number of visits, number of providers, level of hospital and comorbidities

+p<0.01
+p<0.001

CAD, coronary artery disease; COC, continuity of care; IR, incidence rate; N, Number; PYR, person-years at risk.

4, respectively. Patients with diabetes and high choles-
terol had a higher incidence of hypertensive complica-
tions than patients without diabetes and high cholesterol,
respectively.

The risk of coronary artery disease was significantly
higher in the low than in the high COC group (HR 1.10,
95% CI 1.03 to 1.16) (table 3). Compared with the excel-
lent MPR group, the risk of coronary artery disease was
significantly higher in the good, normal, bad and very
bad MPR groups (table 4).

The risk of vascular complications did not differ signifi-
cantly according to the COC level (table 3). Compared
with the excellent MPR group, the risk of vascular compli-
cations was significantly higher in the good, normal, bad
and very bad MPR groups (table 4).

The risk of cerebrovascular disease was significantly
higher in the low continuity group than the high COC
group (HR1.14,95% CI1.09 to 1.19) (table 3). Compared
with the excellent MPR group, the risk of cerebrovascular
disease was significantly higher in the good, normal, bad
and very bad MPR groups (table 4).

The risk of heart disease was significantly higher in the
low COC than in the high COC group (HR 1.11, 95% CI
1.06 to 1.17) (table 3). Compared with the excellent MPR

group, the risk of heart disease was significantly higher in
the good, normal, bad and very bad MPR groups (table 4).

The risk of hypertensive nephropathy did not differ
significantly according to the COC level (table 3).
Compared with the excellent MPR group, the risk of
hypertensive nephropathy was significantly higher
in the good, normal, bad and very bad MPR groups
(table 4).

Subgroup analysis of risk of medical complications according
to the COC and MPR levels in primary care clinics

A subgroup analysis of the risk of medical complications
according to the COC level and MPR in patients with
hypertension attending primary care clinics showed that
the risk of developing complications was significantly
higher in the low than in the high COC group (HR 1.16,
95% CI 1.12 to 1.21). Compared with the excellent MPR
group, the risk of developing hypertensive complications
was significantly higher in the good, normal, bad and very
bad MPR groups. Compared with patients who had 4-6
visits, the risk of developing medical complications was
significantly lower in patients with 7-9, 10-12 or >13 visits
(online supplemental table 3).
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DISCUSSION

In this study, we analysed the differences in hypertensive
complications according to COC and medication adher-
ence in patients with hypertension. The study highlights
the fact that COCand MPR were associated with the occur-
rence of complications caused by hypertension. Overall,
for patients with hypertension in the low as compared
with the high COC group, the risk of complications was
significantly higher. In this study, the order of establishing
health policies related to COC, MPR can increase the
response and lower the risk of long-term complications
within the first 2 years of diagnosis of hypertension. Simi-
larly, the risk of developing coronary artery disease, cere-
brovascular disease and heart disease was greater in the
low as compared with the high COC group. Regarding
overall medication adherence, in comparison to the
excellent MPR group (80%-100%), the good (60%-—
79%), normal (40%-59%), bad (20%-39%) and very
bad groups (0%-19%) were at significantly higher risk of
developing hypertensive complications, such as coronary
artery disease, vascular complications, cerebrovascular
disease, heart disease and hypertensive nephropathy.

Other COC and MPR studies have found that patients
with low medication adherence are more likely to result
in progress to inpatient or mortality (HR 1.24, 95% CI
1.18 to 1.29). The differences were attributed to the type
of antihypertensive medication, follow-up period and the
differences in the definition of medication adherence.
We overcame these limitations because of the 18-year
follow-up period.

Another MPR study showed that low medication adher-
ence is more likely to result in progress to inpatient or
mortality (HR 1.57, 95% CI 1.40 to 1.76). This result is
similar to that of our study.*®

Other COC and MPR studies focused on hypertension
and diabetes, and found that for hypertension, low COC
medication adherence is more likely to result in progress
to death in hospitalised patients (HR 1.66, 95% CI 1.55
to 1.77; HR 1.14, 95% CI 1.08 to 1.20, respectively). Low
COC and medication adherence are more likely to result
in progress to hospitalisation or death among outpatients
(HR 1.67, 95%CI 1.47 to 1.90). The differences were
attributed to the fact that the incidence of hypertensive
complications was not among their outcomes, and the
reason for hospitalisation varied, potentially causing the
overestimation of the results.

This study had several strengths. First, the study obtained
population representativeness because we utilised NHIS
data and the subscription of national health insurance
is legally mandatory (covering approximately 99.7%) in
South Korea. Second, the disease was selected from AHRQ
standards of ACSCs and hypertensive complications were
selected according to the definitions from WHO.' Third,
there is a standard in ACSCs related to hypertension (no
cardiac procedures included), which is often omitted in
previous studies, and this is the first attempt at a long-
term (18-year) analysis of ACSCs (hypertension) with a

clearer definition of patients and its incidence rate of
complications.

However, this study also had several limitations. First,
as only the COC and medication adherence in the initial
2 years were measured, follow-up after 2 years was not
reflected in the effects of changes in care. Second, the
risk of complications or blood pressure level was not
analysed in this study. Third, whether other underlying
diseases or external factors may affect the results, such
as familial aggregation, the levels of blood pressure and
overprescription of drugs, of this study could not be fully
excluded. Fourth, owing to the retrospective nature of
this observational study, misclassification or recall bias
may impact the validity of this study. Finally, this study can
be elevated to mortality or factor study. The case—control
or prospective cohort study to elucidate the association
between COC, MPR levels and the mortality of patients
with hypertensive complications with its characteristics.

There are several policies for the management of ACSCs
worldwide. For example, there are policies for diabetes,
cervical cancer and asthma in Australia and policies for
depression, cancer and asthma in the UK and USA; it is
possible to provide primary care in a timely manner and
manage chronic diseases more efficiently by including
more diseases subject to chronic disease management in
the ACSCs.”” Therefore, a follow-up study on the differ-
ences in the risk of complications according to changes
in care should be conducted in the future.

This study sheds light on the association between COC
and medication adherence and the incidence of hyper-
tensive complications, such as coronary artery disease
and heart disease. The continuous management of
blood pressure can be beneficial to prevent hyperten-
sive complications among patients with hypertension.
The implication should be based on subgroup analysis
(online supplemental table 3). Visiting primary care
facilities is adequately beneficial to patients with hyper-
tension. Therefore, the Korean government should
establish health policies related to chronic diseases that
need management with a view to long-term care. More-
over, because of its unique structure (lack of a gate-
keeper system (referral system)), the healthcare system of
South Korea is facing a financial shortage. Future studies
should compare the cost-effectiveness of care provided
by different types of medical institutions, such as general
hospitals and clinics.
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