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Objectives: This study investigated the relationship between prescribing institutions and medication adherence among patients 
newly diagnosed with hypertension and diabetes. 
Methods: This study investigated patients with new prescriptions for hypertension and diabetes in Korea in 2019 with using data col-
lected from general health screenings. A multilevel logistic regression model was applied to explore the relationship between pa-
tients’ first prescribing institution and their medication adherence, defined as a medication possession ratio (MPR) over 80%. 
Results: The overall adherence rates were 53.7% and 56.0% among patients with hypertension and diabetes, respectively. The intra-
class correlation coefficients were 13.2% for hypertension and 13.8% for diabetes (p<0.001), implying that the first prescribing insti-
tution had a significant role in medication adherence. With clinics as the reference group, all other types of hospitals showed an odds 
ratio (OR) less than 1.00, with the lowest for tertiary hospitals (OR, 0.30 for hypertension; 0.45 for diabetes), and the next lowest in 
health screening specialized clinics (OR, 0.51 for hypertension; 0.46 for diabetes). Among individual-level variables, female sex, older 
age, higher insurance premium level, and residing in cities were positively associated with adherence in both the hypertension and 
diabetes samples. 
Conclusions: This study showed that the prescribing institution had a significant relationship with medication adherence. When the 
first prescribing institution was a clinic, newly diagnosed patients were more likely to adhere to their medication. These results high-
light the important role played by primary care institutions in managing mild chronic diseases. 
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INTRODUCTION

Chronic diseases, which account for 74% of total global 
deaths and 79.6% of deaths in Korea [1,2], are attributed to a 
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combination of genetic, physiological, environmental, and be-
havioral factors. The socioeconomic burden of chronic diseas-
es is increasing, with medical expenses for hypertension and 
diabetes reaching 7.5 trillion won in Korea in 2021 [3].

Adherence to medication is recognized as one of the most 
effective interventions for treating chronic diseases [4-9]. There-
fore, it is important to identify the factors that influence medi-
cation adherence in order to assist patients in maintaining their 
medication regimen. While a substantial body of literature ad-
dresses this topic, the focus is often on individual-level factors 
such as health behavior and health status [10-14], or on the 
effects of program interventions or medication instruction 
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[14,15]. Regional-level factors have also been evaluated to as-
certain significant differences in regional adherence rates, af-
ter adjusting for both individual and regional level factors. These 
factors include the number of hospital beds, total hospitals, 
tertiary hospitals, general hospitals, clinics, and pharmacies, as 
well as regional gross domestic product [16].

Whereas numerous studies have explored the relationship 
between medication adherence and patient characteristics 
[10-14], fewer have been published concerning the impact of 
healthcare providers on patients’ medication-taking behavior 
[17]. The effect at the pharmacy level reportedly accounts for 
over 12% of the total variation in adherence to antidiabetic 
medications, according to an analysis using insurance claims 
data. This finding implies that the efforts made by pharmacies 
could exert varying degrees of influence on patients’ adher-
ence to prescribed medication regimens. Other factors associ-
ated with adherence include the patient’s age and sex, use of 
mail-order pharmacies, and prescription drug copays [17]. 

Medication adherence is a patient behavior influenced not 
only by patient characteristics but also by a variety of other 
factors, including health care providers. In Korea, despite pub-
lic health policy emphasizing the importance of primary care 
in managing hypertension and diabetes, patients often regu-
larly visit general or tertiary hospitals instead of clinics solely 
to obtain their prescriptions. This fragmentation in the health 
care system can impact patients’ medication adherence, with 
the health care provider playing a significant role. However, 
the influence of healthcare providers or healthcare systems on 
medication adherence is not well understood. While a previ-
ous study reported that pharmacies significantly influence pa-
tient medication adherence, as determined through sensitivity 
analysis, the pharmacy-level factors considered were limited 
to regional covariates such as racial distribution, number of 
pharmacists, and percentage of uninsured individuals [17]. 
Therefore, this study was conducted to evaluate the effect of 
the prescriber on medication adherence, particularly for newly 
diagnosed patients with hypertension and diabetes, using in-
surance claims data and applying multilevel analysis. 

METHODS

Data Sources and Study Participants
This study utilized data from general health checkups and 

claims provided by the National Health Insurance Service (NHIS) 
between 2018 and 2021. The population under investigation 

comprised patients with hypertension or diabetes who discov-
ered their conditions through general health screenings in Ko-
rea in 2019 and were prescribed medication at least once with-
in a year from their individual health screening date. 

Participants for the hypertension and diabetes analyses 
were gathered separately. Initially, potential hypertension cas-
es were identified from the 2019 general health screening da-
tabase (n=1 197 929). Cases with missing demographic infor-
mation were then excluded (n=18 788). For the remaining  
1 179 141 cases, health insurance claims data were collected 
for one year both prior to and following the individual health 
screening date. The data from the previous year was used to 
exclude patients who were already being treated for hyper-
tension. A patient was defined as an individual who had been 
hospitalized at least once or had visited medical institutions at 
least three times for a hypertensive condition (“I10, I11, I12, 
I13, I15”) as either the primary or first subsidiary diagnosis 
during the 1-year period [18]. The subsequent year’s data was 
used to compile the individual’s prescription details, primarily 
consisting of the prescriber’s ID and location, prescription 
date, the prescribed medicine, and the duration of medication 
supply. After excluding patients who were already being treat-
ed (n=53 189), only 216 600 out of 1 125 952 individuals were 
found to have been prescribed antihypertensive medicines 
during the follow-up period. These 216 600 cases were then 
grouped by their initial prescriber to form the prescriber clus-
ter. Finally, individuals belonging to singleton prescriber clus-
ters were excluded (n=2534) because there would be no 
within-cluster variation for prescribers with a cluster size of 1. 
Data from the participants with diabetes were prepared in a 
similar process. As Figure 1 and Supplemental Material 1 show, 
the final sample size was 214 066 individuals clustered in 12 
552 prescribers for hypertension and 117 674 individuals clus-
tered in 9470 prescribers for diabetes. 

Measures
Outcome variables

The outcome variable analyzed in this study was medication 
adherence. We calculated the medication possession ratio (MPR) 
based on the days’ supply recorded in all prescription claims, by 
dividing the total days supplied by a one-year period commenc-
ing from the index date. If the calculated MPR was 80% or high-
er, the patient was classified as adherent [12]. All prescriptions 
for antihypertensive or antidiabetic medications were individ-
ually considered when calculating the MPR for each disease. 
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Individual-level variables
For the analysis of patients with hypertension, individual-

level variables included systolic blood pressure, diastolic blood 
pressure, body mass index (BMI), and previous health screen-
ing results for suspected hypertension. In the analysis of pa-
tients with diabetes, fasting blood sugar (FBS) and previous 
health screening results for suspected diabetes were used as 
individual-level variables, replacing blood pressure and sus-
pected hypertension results. Demographic variables such as 
sex, age group, insurance premium level, and residential area 
were also incorporated as individual-level variables. The pa-
tient’s insurance premium level was re-categorized into 5 groups: 
Medical Aid, quantiles 1-5, quantiles 6-10, quantiles 11-15, and 
quantiles 16-20, serving as a proxy for household income. 

Institutional-level variables
The prescriber served as the clustering factor, and the pre-

scriber’s category, location, and the number of prescribers per 
1000 people in the district were used as institutional-level 
variables. Prescribers were divided into 6 categories: tertiary 
hospitals, general hospitals, hospitals, clinics, health screening 
specialized clinics (HSSCs), and a group labeled “others.” The 
“others” group included long-term hospitals, public health 
clinics, dental hospitals, and Korean traditional hospitals. We 
reclassified 109 clinics as HSSCs, as these primarily offered 
health screenings rather than general health consultations. 
This reclassification was based on 2019 annual claim data, 
which showed that these clinics submitted more claims for 
health screenings than for general health consultations. The 
number of prescribers in each district (si [city], gun [county], or 
gu [district]) was determined by dividing the total number of 
prescribing institutions by the number of residents per 1000 in 
2019. The distribution of the non-adherent population rate, 
according to the prescriber’s category, can be found in Supple-
mental Material 1. 

Statistical Analysis
To examine whether there is a prescriber effect on medica-

tion adherence, we applied multilevel logistic regression anal-
ysis. Patients with hypertension or diabetes typically visit their 
doctors regularly for prescriptions; thus, these regular patients 
are hierarchically nested within a prescriber’s cluster. Given that 
the characteristics of the higher group can influence the out-
come in hierarchical data, it is advisable to use multilevel mod-
eling. This approach helps to correct for biases in parameter 
estimates that may arise from such clustering [19].

To check whether the multilevel modeling was properly applied, 
intraclass correlation coefficients (ICCs) were estimated by 

where  is the between-cluster variance and  is within-clus-
ter variation, which equals  in a logistic distribution. As the 
ICC quantifies the proportion of observed variation in the out-
come that is attributable to the effect of clustering, it would 
be equal to 1 if all subjects in the same cluster exhibited the 
same response [20]. 

We developed 4 types of models, including a null model, as 
shown in Figure 1. The null model incorporated only the out-
come variable to test for a clustering effect using a 2-level ran-
dom intercept model. Model I included only individual-level 

Null model Model I Model II Model III

No predictors, just 
random effect 
for the intercept 
Output used to 
calculate ICC

Only 1st  
(individual) 
level fixed  
effects

Only 2nd  
(institution) 
level fixed  
effects

Model I+II, both 
individual and 
institution level 
variables

Multilevel diagram

A

Figure 1. (A) Multilevel diagram and (B) the flowchart of con-
structing analytical cohort of individuals on antihypertensive 
and antidiabetic medications. HT, hypertension; DM, diabetes 
mellitus. 

Flowchart of dataset preparation

All individuals with the results of 
suspected HT or DM from general 

health screening in 2019
HT: n=1 197 929
DM: n=598 165

No missing socio-demographic 
information and previous illness

HT: n=1 125 952
DM: n=532 909

At least one claim for HT or DM 
medications

HT: n=216 600
DM: n=120 007

Non-singleton prescribers
HT: 214 066
DM: 117 674

Excluding singleton prescribers
HT: n=2534
DM: n=2333

Excluding cases with missing 
socio-demographic information

HT: n=18 788
DM: n=9432

Excluding already patients
HT: n=53 189 
DM: n=5824

B
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Table 1. Distribution of medication adherence according to participants’ individual and institutional characteristics

Characteristics
Hypertension Diabetes

Non-adherent Adherent Total p-value Non-adherent Adherent Total p-value

Total 99 229 (46.4) 114 837 (53.7) 214 066 (100) <0.001 51 775 (44.0) 65 899 (56.0) 117 674 (100) <0.001

Individual-level variables
Sex

Male 63 459 (48.6) 67 058 (51.4) 130 517 (61.0) <0.001 35 389 (45.5) 42 455 (54.5) 77 844 (66.2) <0.001
Female 35 770 (42.8) 47 779 (57.2) 83 549 (39.0) 16 386 (41.1) 23 444 (58.9) 39 830 (33.8)

Age (y)

<30 1778 (60.7) 1150 (39.3) 2928 (1.4) <0.001 920 (50.8) 892 (49.2) 1812 (1.5) <0.001
30-39 9904 (52.5) 8973 (47.5) 18 877 (8.8) 4332 (46.1) 5057 (53.9) 9389 (8.0)
40-49 24 905 (45.7) 29 584 (54.3) 54 489 (25.5) 11 873 (43.3) 15 564 (56.7) 27 437 (23.3)
50-59 29 213 (44.3) 36 677 (55.7) 65 890 (30.8) 16 910 (43.6) 21 885 (56.4) 38 795 (33.0)
60-69 20 836 (44.6) 25 847 (55.4) 46 683 (21.8) 12 088 (43.5) 15 723 (56.5) 27 811 (23.6)

≥70 12 593 (50.0) 12 606 (50.0) 25 199 (11.8) 5652 (45.5) 6778 (54.5) 12 430 (10.6)
Insurance premium level (quantile)

Medical Aid 1029 (52.8) 921 (47.2) 1950 (0.9) <0.001 623 (45.5) 747 (54.5) 1370 (1.2) 0.046
1-5 19 980 (45.9) 23 574 (54.1) 43 554 (20.3) 10 999 (44.3) 13 825 (55.7) 24 824 (21.1)
6-10 20 918 (46.8) 23 819 (53.2) 44 737 (20.9) 10 690 (44.3) 13 467 (55.8) 24 157 (20.5)
11-15 26 963 (46.9) 30 564 (53.1) 57 527 (26.9) 13 948 (44.2) 17 582 (55.8) 31 530 (26.8)
16-20 30 339 (45.8) 35 959 (54.2) 66 298 (31.0) 15 515 (43.4) 20 278 (56.7) 35 793 (30.4)

Residence
Rural 8429 (49.3) 8672 (50.7) 17 101 (8.0) <0.001 4514 (47.2) 5052 (52.8) 9566 (8.1) <0.001
Metropolitan city 40 624 (46.4) 47 019 (53.7) 87 643 (40.9) 22 119 (44.0) 28 158 (56.0) 50 277 (42.7)
Small and medium-sized city 50 176 (45.9) 59 146 (54.1) 109 322 (51.1) 25 142 (43.5) 32 689 (56.5) 57 831 (49.1)

Previous health screening result of suspected hypertension (or diabetes)
No 58 028 (47.8) 63 305 (52.2) 121 333 (56.7) <0.001 26 926 (44.1) 34 086 (55.9) 61 012 (51.8) 0.338
Yes 41 201 (44.4) 51 532 (55.6) 92 733 (43.3) 24 849 (43.9) 31 813 (56.2) 56 662 (48.2)

Systolic BP 150.7±13.3 152.4±14.0 151.6±13.7 <0.001 - - - -
Diastolic BP 93.9±10.7 94.7±11.0 94.3±10.8 <0.001 - - - -
FBS - - - - 175.8±57.6 186.1±62.0 181.6±60.3 <0.001
BMI 26.0±4.0 25.9±3.8 26.0±3.9 <0.001 26.5±4.0 26.5±4.0 26.5±4.0 0.009

Institutional-level variables
Category

Clinic 63 194 (41.8) 88 077 (58.2) 151 271 (70.7) <0.001 28 491 (39.0) 44 504 (61.0) 72 995 (62.0) <0.001
Tertiary hospital 5794 (71.9) 2264 (28.1) 8058 (3.8) 3277 (59.3) 2250 (40.7) 5527 (4.7)
General hospital 14 183 (55.9) 11 202 (44.1) 25 385 (11.9) 9437 (48.1) 10 205 (52.0) 19 642 (16.7)
Hospital 11 618 (55.0) 9489 (45.0) 21 107 (9.9) 7935 (53.4) 6927 (46.6) 14 862 (12.6)
HSSC1 2948 (58.9) 2059 (41.1) 5007 (2.3) 2216 (58.3) 1584 (41.7) 3800 (3.2)
Other2 1492 (46.1) 1746 (53.9) 3238 (1.5) 419 (49.4) 429 (50.6) 848 (0.7)

Location
Rural 5909 (46.9) 6688 (53.1) 12 597 (5.9) <0.001 2903 (46.4) 3355 (53.6) 6258 (5.3) <0.001
Metropolitan city 43 449 (47.1) 48 902 (53.0) 92 351 (43.1) 23 980 (44.5) 29 898 (55.5) 53 878 (45.8)
Small and medium-sized city 49 871 (45.7) 59 247 (54.3) 109 118 (51.0) 24 892 (43.3) 32 646 (56.7) 57 538 (48.9)

No. of prescribers in the district3 1.98±0.91 1.91±0.78 1.94±0.84 <0.001 1.97±0.87 1.93±0.80 1.95±0.83 <0.001

Values are presented as number (%) or mean±standard deviation. 
BP, blood pressure; FBS, fasting blood sugar; BMI, body mass index; HSSC, health screening specialized clinic.
1Health screenings are more provided than general health consultations based on claims data in 2019. 
2Long-term hospitals, public health clinics, dental hospitals, and Korean traditional hospitals were included in the “other” group. 
3Calculated as the total number of prescribing institutions divided by 1000 residents in the district in 2019.
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variables such as sex, age group, insurance premium quantile, 
residence, previous health screening result (only in the hyper-
tension sample), BMI, and blood pressure for patients with hy-
pertension or FBS for those with diabetes. The previous health 
screening result was excluded from the diabetes analysis due 
to the lack of a significant difference between the adherent 
and non-adherent groups. Model II incorporated only institu-
tional-level variables, namely the prescriber’s category, the 
prescriber’s location, and the number of prescribers in the dis-
trict. Model III, the full model, included all individual and insti-
tutional variables. The prescriber’s institutional ID was utilized 
as the clustering variable in each model. 

Descriptive statistics were employed to examine the indi-
vidual and institutional characteristics of the study population. 
The chi-square test was utilized to assess differences in medi-
cation adherence within each categorical variable. For contin-
uous variables, such as blood pressure, BMI, FBS, and the num-
ber of prescribers in the district, the t-test was applied, as dem-
onstrated in Table 1.

We used SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) 
for all statistical analyses; specifically, the PROC GLIMMIX pro-
cedure was applied to conduct multilevel logistic analyses.

Ethics Statement
Since this study used raw National Health Insurance claims 

data, it was approved by the Institutional Review Board at the 
Health Insurance Research Institute (No. 2022-HR-01-004).

RESULTS

Baseline Characteristics of the Study Population
Table 1 shows the distribution of adherence in the popula-

tion based on individual-level and institutional-level variables. 

The total sample size was 214 066 clustered in 12 552 institu-
tions for hypertension and 117 674 clustered in 9470 institu-
tions for diabetes. In both the hypertension and diabetes sam-
ples, the non-adherent populations were predominantly indi-
viduals under 30 years old, men, medical aid recipients, rural 
residents, and those without prior health screening results in-
dicating suspected hypertension or diabetes. Non-adherent 
populations exhibited lower levels of blood pressure or FBS, 
but higher BMI levels. Non-adherent patients were more com-
monly found in tertiary hospitals and HSSCs, and in districts 
with a higher concentration of prescribers.

Evaluation of Goodness-of-fit in the Multilevel 
Analysis

We conducted a multilevel analysis once we had confirmed 
the absence of multicollinearity among the independent vari-
ables. This was verified by variance inflation factors ranging 
from 1.02 to 2.89 for the hypertension analysis, and 1.02 to 
2.82 for the diabetes analysis. 

In a multilevel analysis, it is important to check that the mul-
tilevel modeling was properly applied. To determine whether 
there was a clustering effect, we estimated ICCs from the null 
models. The ICC was estimated at 13.2% for the hypertension 
null model and 13.8% for the diabetes null model, both with a 
p-value of less than 0.001 (Table 2). This suggests that the in-
stitutional-level factor, namely the first prescriber, accounts for 
either 13.2% or 13.8% of the total variation in medication ad-
herence. Given that ICCs are recommended to fall within a 
5-25% range for research in the social sciences [21], the use of 
multilevel analysis in this study was deemed appropriate.

The Akaike information criterion (AIC) was used for the 
model-fit statistics. A lower AIC indicates a better fit; thus, 
model III, which incorporated both individual- and institution-

Table 2. Evaluation of the goodness-of-fit of the multilevel analysis1

Variables Null Model I Model II Model III

Hypertension Between-institution variance (SE) 0.50 (0.01)*** 0.51 (0.01)*** 0.43 (0.01)*** 0.43 (0.01)***

ICC (%) 13.2 - - -

AIC 281 067.8 278 619.9 280 338.1 277 914.0

Diabetes Between-institution variance (SE) 0.53 (0.02)*** 0.55 (0.02)*** 0.45 (0.02)*** 0.47 (0.02)***

ICC (%) 13.8 - - -

AIC 154 422.8 152 926.1 153 897.6 152 402.7

SE, standard error; ICC, intraclass correlation coefficient; AIC, Akaike information criterion.
1Model I: only individual-level variables included; Model II: only institutional-level variables included; Model III: both individual- and institutional- level variables 
included. 
***p<0.001.
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Table 3. Multilevel analysis results of antihypertensive medication adherence among Korean adults (n=214 066)1

Variables Model I Model II Model III

Individual-level variables

Sex

Male 1.00 (reference) - 1.00 (reference)

Female 1.29 (1.26, 1.31)*** - 1.28 (1.25, 1.31)***

Age (y)

<30 1.00 (reference) - 1.00 (reference)

30-39 1.35 (1.24, 1.47)*** - 1.29 (1.18, 1.40)***

40-49 1.72 (1.58, 1.87)*** - 1.64 (1.51, 1.79)***

50-59 1.84 (1.69, 2.00)*** - 1.76 (1.62, 1.91)***

60-69 1.88 (1.73, 2.05)*** - 1.79 (1.65, 1.95)***

≥70 1.48 (1.35, 1.61)*** - 1.41 (1.29, 1.54)***

Insurance premium level (quantile)

Medical Aid 1.00 (reference) - 1.00 (reference)

1-5 1.28 (1.16, 1.42)*** - 1.26(1.14, 1.39)***

6-10 1.28 (1.16, 1.41)*** - 1.25 (1.13, 1.38)***

11-15 1.32 (1.20, 1.46)*** - 1.29 (1.17, 1.42)***

16-20 1.44 (1.30, 1.58)*** - 1.41 (1.27, 1.55)***

Residence

Rural 1.00 (reference) - 1.00 (reference)

Metropolitan city 1.14 (1.09, 1.20)*** - 1.13 (1.08, 1.19)***

Small and medium-sized city 1.15 (1.10, 1.20)*** - 1.13 (1.08, 1.18)***

Previous health screening result of suspected hypertension

No 1.00 (reference) - 1.00 (reference)

Yes 1.14 (1.12, 1.17)*** - 1.14 (1.12, 1.17)***

Systolic blood pressure 1.01 (1.01, 1.01)*** - 1.01 (1.01, 1.01)***

Diastolic blood pressure 1.00 (1.00, 1.01)*** - 1.00 (1.00, 1.01)***

Body mass index 1.00 (1.00, 1.00) - 1.00 (1.00, 1.00)

Institutional-level variables

Category

Clinic - 1.00 (reference) 1.00 (reference)

Tertiary hospital - 0.27 (0.22, 0.34)*** 0.30 (0.24, 0.37)***

General hospital - 0.52 (0.48, 0.57)*** 0.53 (0.49, 0.57)***

Hospital - 0.55 (0.52, 0.59)*** 0.55 (0.51, 0.58)***

HSSC2 - 0.51 (0.42, 0.63)*** 0.51 (0.42, 0.63)***

Other3 - 0.82 (0.74, 0.91)*** 0.83 (0.75, 0.93)**

Location

Rural - 1.00 (reference) -

Metropolitan city - 1.12 (1.05, 1.19)*** -

Small and medium-sized city - 1.11 (1.04, 1.18)** -

No. of prescribers in the district4 - 0.95 (0.93, 0.97)*** 0.95 (0.93, 0.97)***

Values are presented as odds ratio (95% confidence interval). 
HSSC, health screening specialized clinic.
1Model I: only individual-level variables included; Model II: only institutional-level variables included; Model III: both individual-level and institutional-level vari-
ables included. 
2Health screenings are more provided than general health consultations based on claims data in 2019. 
3Includes long term hospitals, public health clinics, dental hospitals, and Korean traditional hospitals. 
4Calculated as the total number of prescribing institutions divided by 1000 residents in the district in 2019.
**p<0.01, ***p<0.001.
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al-level variables, was ultimately chosen for interpretation. 
However, the variable representing the prescriber’s location 
was omitted in the full model, as the AIC value was smaller 
without it. The AIC for model III was 277 914.0 in the hyperten-
sion analysis and 152 402.7 in the diabetes analysis (Table 2). 

Relationship Between the Prescribing Institution 
and Medication Adherence
Hypertension sample 

Table 3 shows the results of a multilevel analysis concerning 
adherence to antihypertensive medication among Korean pa-
tients. Females, patients over the age of 30, individuals with a 
higher insurance premium level, and city dwellers were more 
likely to adhere to their antihypertensive medications. Addi-
tionally, patients with prior health screening results indicating 
suspected hypertension and elevated blood pressure were 
also more likely to adhere to their prescribed medications. 

When the prescriber’s category was other than a clinic, the 
odds ratio (OR) of medication adherence fell below 1.00. For 
instance, patients who received their initial prescription from a 
tertiary hospital were 0.30 times less likely to adhere to their 
medication regimen than those who received their first pre-
scription from a clinic. Similarly, patients who received their 
first prescription from a general hospital, a regular hospital, or 
an HSSC were also less likely to adhere to their medication, 
with ORs of 0.53, 0.55, and 0.51 respectively. Furthermore, the 
likelihood of adherence to antihypertensive medications de-
creased as the number of prescribers in a district increased. 
The institution’s location was omitted from the final model be-
cause excluding it resulted in a better model fit, as indicated 
by a decrease in the AIC by 20.7. 

Diabetes sample 
Table 4 presents the results of a multilevel analysis of antidi-

abetic medication adherence among Korean patients. Females, 
patients over the age of 30, individuals with the highest insur-
ance premium level, and city dwellers were more likely to ad-
here to their antidiabetic medications. Additionally, patients 
with elevated FBS levels and a higher BMI showed a slightly in-
creased likelihood of medication adherence.

When the prescribing entity was something other than a 
clinic, the OR of medication adherence fell below 1.00. For in-
stance, patients who received their initial prescription from a 
tertiary hospital were 0.45 times less likely to adhere to their 
medication regimen compared to those who received their 

first prescription from a clinic. Similarly, patients who received 
their first prescription from a general hospital, a regular hospi-
tal, or an HSSC were also less likely to adhere to their medica-
tion, with ORs of 0.64, 0.51, and 0.46 respectively. Further-
more, a higher number of prescribers within a district was cor-
related with lower adherence to antidiabetic medications. The 
location of the institution was omitted from the final model, 
as the model demonstrated a better fit without it, as shown by 
an AIC difference of 4.3.

DISCUSSION

This study aimed to investigate the variation in medication 
adherence for antihypertensive and antidiabetic medications, 
as influenced by prescriber-level differences. We operated un-
der the assumption that the initial prescribing institution could 
potentially impact adherence to antihypertensive and antidia-
betic medications among newly diagnosed patients. To explore 
this, we created a nested dataset of individual medication ad-
herence, grouped by the first prescriber. However, we exclud-
ed singleton prescribers, as there would be no within-cluster 
variation for these cases. Interestingly, non-adherence rates 
were higher for singleton prescribers, as detailed in Supple-
mental Materials 1 and 2. For the purposes of this study, we 
defined the prescriber as the medical institution where the 
prescription was first written, following the patient’s review of 
suspected hypertension and diabetes results from a general 
health screening. As we excluded those who had already been 
managing the disease prior to the health screening, the study 
population is thought to be composed of newly diagnosed 
patients. 

The results indicated that the prescriber played a significant 
role in accounting for the variation in patients’ adherence to 
medication. The variances between institutions were statisti-
cally significant, with the ICCs estimated at 13.2% and 13.8% 
for the hypertension and diabetes samples, respectively. This 
suggests that over 13% of the total variation in adherence can 
be attributed to the prescriber. 

Patients were more likely to adhere to antihypertensive and 
antidiabetic medications when their initial prescription was is-
sued in a clinic. Conversely, when the first prescription was 
written in a tertiary hospital, the OR for adherence dropped to 
0.30 for antihypertensive medications and 0.45 for antidiabet-
ic medications. Similarly, patients whose initial prescriptions 
were issued in an HSSC were also less likely to adhere to their 
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Table 4. Multilevel analysis results of antidiabetic medication adherence among Korean adults (n=117 674)1

Variables Model I Model II Model III

Individual-level variables

Sex

Male 1.00 (reference) - 1.00 (reference)

Female 1.24 (1.21, 1.28)*** - 1.23 (1.20, 1.26)***

Age (y)

<30 1.00 (reference) - 1.00 (reference)

30-39 1.30 (1.16, 1.45)*** - 1.24 (1.11, 1.38)***

40-49 1.54 (1.39, 1.71)*** - 1.52 (1.37, 1.69)***

50-59 1.62 (1.46, 1.80)*** - 1.58 (1.42, 1.75)***

60-69 1.71 (1.54, 1.90)*** - 1.67 (1.50, 1.85)***

≥70 1.54 (1.38, 1.72)*** - 1.49 (1.34, 1.67)***

Insurance premium level (quantile)

Medical Aid 1.00 (reference) - 1.00 (reference)

1-5 1.05 (0.93, 1.18) - 1.03 (0.92, 1.16)

6-10 1.07 (0.95, 1.21) - 1.06 (0.94, 1.20)

11-15 1.11 (0.98, 1.25) - 1.10 (0.98, 1.24)

16-20 1.19 (1.05, 1.34)** - 1.16 (1.03, 1.31)*

Residence

Rural 1.00 (reference) - 1.00 (reference)

Metropolitan city 1.15 (1.08, 1.22)*** - 1.13 (1.06, 1.19)***

Small and medium-sized city 1.17 (1.10, 1.23)*** - 1.13 (1.07, 1.19)***

Fasting blood sugar 1.00 (1.00, 1.00)*** - 1.00 (1.00, 1.00)***

Body mass index 1.01 (1.00, 1.01)** - 1.01 (1.00, 1.01)**

Institutional-level variables

Category

Clinic - 1.00 (reference) 1.00 (reference)

Tertiary hospital - 0.42 (0.34, 0.53)*** 0.45 (0.36, 0.56)***

General hospital - 0.62 (0.57, 0.67)*** 0.64 (0.59, 0.70)***

Hospital - 0.51 (0.48, 0.55)*** 0.51 (0.47, 0.54)***

HSSC2 - 0.48 (0.38, 0.60)*** 0.46 (0.36, 0.58)***

Other3 - 0.68 (0.57, 0.82)*** 0.67 (0.55, 0.80)***

Location

Rural - 1.00 (reference) -

Metropolitan city - 1.18 (1.09, 1.29)*** -

Small and medium-sized city - 1.20 (1.10, 1.30)*** -

No. Prescribers in the district4 - 0.97 (0.94, 1.00)* 0.96 (0.94, 0.99)**

Values are presented as odds ratio (95% confidence interval). 
HSSC, health screening specialized clinic.
1Model I: only individual-level variables included; Model II: only institutional-level variables included; Model III: both individual-level and institutional-level vari-
ables included. 
2Health screenings are more provided than general health consultations based on claims data in 2019. 
3Includes long term hospitals, public health clinics, dental hospitals, and Korean traditional hospitals. 
4Calculated as the total number of prescribing institutions divided by 1000 residents in the district in 2019.
*p<0.05, **p<0.01, ***p<0.001.

medications, with an odds ratio of 0.51 for antihypertensive 
and 0.46 for antidiabetic medications. Given that an HSSC is 
defined as a clinic where general health screening claims sur-

pass those of general consultations, concerns have been 
raised that HSSCs may not prioritize follow-up on health 
screening results [22]. The number of prescribers in a district 
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was found to be negatively associated with medication adher-
ence, with ORs of 0.95 for antihypertensive and 0.96 for antidi-
abetic medications. This finding contrasts with a previous 
study that found a positive association between the number 
of pharmacists and medication adherence [17]. These differing 
results may be attributable to the distinct roles of physicians 
and pharmacists. In a previous study, statin adherence was 
found to be negatively associated with the number of patients 
per physician, while the adherence rate increased with the 
number of patients per patronized pharmacy [23].

Regarding individual-level factors, women and older patients 
were more likely to be adherent to their medications with the 
exception of those over 69 years of age, who demonstrated a 
lower OR than patients in their 60s. Patients who contributed 
higher insurance premiums were more likely to adhere to their 
medications for both diseases, with this effect being more pro-
nounced in patients with hypertension. These findings align 
with previously reported results [10-12,14,17]. While studies 
conducted in the United States have indicated that higher co-
payments are negatively associated with adherence [17,23-25], 
it should be noted that patients who pay higher copayments 
typically have health plans with lower monthly premiums in 
the United States [26]. Therefore, both sets of results essential-
ly convey the same message: patients with higher incomes 
tend to be more adherent. Additionally, patients residing in 
urban areas had a slightly higher OR than those living in rural 
areas. For patients with hypertension, adherence was more 
likely (OR, 1.14) when previous general health screenings yield-
ed similar results of suspected hypertension. The patients’ blood 
pressure and FBS levels also exhibited weak but positive ef-
fects on medication adherence. 

This study has several limitations. First, medication adher-
ence may be overestimated as we calculated the MPR using 
the days’ supply recorded in insurance claims data, which does 
not precisely indicate the actual ingestion of medication. How-
ever, MPR is currently the best measure for identifying non-
adherent patients when actual data on pills taken is not avail-
able, as patients whose prescription days fall short for a given 
period cannot fully adhere to their medication [12,27]. Second, 
our study population was selected from general health screen-
ing data, which could lead to an underestimation of pill-taking 
behavior in elderly patients over 80 years of age. The general 
health screening rate for this age group was 45.8% in 2019, 
compared to 75.2% for other age groups [28]. Therefore, cau-
tion should be exercised when applying the results of this study 

to the elderly age group. Lastly, this study was designed to 
evaluate the effect of the prescriber on medication adherence; 
thus, the impact of the pharmacy was not considered in the 
analysis. Previous studies suggest that physicians and pharma-
cists have different effects on medication adherence, so fur-
ther research is needed to address this issue. 

In summary, this study suggests that clinics can help patients 
take their antihypertensive or antidiabetic medication regularly. 
This finding supports the policy direction of bolstering prima-
ry care in the management of mild chronic diseases. A primary 
care-based chronic disease management program is currently 
operational in certain districts (for instance, 105 districts in 2021) 
[29]. It is anticipated that this program will soon expand na-
tionwide. As patients can establish a strong relationship with a 
local, more approachable doctor, primary care physicians are 
in a position to provide more effective treatment methods for 
chronic diseases. 
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