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Abstract

Antiretroviral treatment (ART) adherence is highlighted in management of patients living with
human immunodeficiency virus. In South Korea, ART medication research has rarely been
conducted due to the low economic burden associated with government-funded treatment.
This cross-sectional study aimed to compare the pill burden impact between ART regimen
compliance and HIV-RNA viral load suppression. Data were collected from 2008 to 2016 at a
general hospital in South Korea. A total of 210 HIV/AIDS treatment-naive patients were
grouped as follows: single-tablet regimen (STR, one tablet/day), mild pill burden (two-four
tablets/day), and heavy pill burden (> five tablets/day). Patients were analyzed according to
gender, age at index date, medical insurance type, comorbidities, depression, HIV/AIDS dis-
ease burden as indicated by HIV-RNA viral load and CD4, and laboratory variables. In a mul-
tivariate logistic regression model, the STR group demonstrated adherence 5.10 times more
often than the heavy pill burden group. Females and patients with an initial viral load of
500,000 or more were 0.090- and 0.040-fold less adherent to the ART regimen. Among
these patients, 95% or more of the MPR group were 7.38 times more likely to have a lower
limit of detection (LLOD) of viral load suppression. The highest initial viral load group was
0.090-fold less likely to have an LLOD than the reference group. These results suggest that a
single-tablet regimen could improve medication adherence and the clinical virologic outcome.
Therefore, general population research on ART adherence and polypharmacy is needed.

Introduction

Antiretroviral therapy (ART) is the cornerstone of treatment for patients living with human
immunodeficiency virus (HIV) or acquired immune deficiency syndrome (AIDS) [1]. The
United Kingdom Collaborative HIV Cohort Study found that HIV-positive patients who
achieved viral suppression and had CD4 counts of >350 cells/mm® within one year of antire-
troviral treatment (ART) regimen initiation had a normal life expectancy, i.e., it was estimated
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that a 35-year-old patient would live past the age of 80 years [2]. It is well documented that
suboptimal adherence to an ART regimen is associated with a greater risk of developing resis-
tance to antiretroviral agents and increases in morbidity, mortality, and progression to AIDS
[3]. The Joint United Nations Program on HIV/AIDS has targeted a goal of 90% medication
adherence by 2020 to combat HIV infections [4].

Despite the importance of compliance with an ART regimen, adherence rates are less than
optimal, ranging from 60% to 80% [5, 6]. It is recommended to maintain a high compliance
rate of 90% or more in managing HIV/AIDS as a chronic disease [1, 7]. Given that all HIV/
AIDS patients can be treated through government support in South Korea, they have less eco-
nomic burden for antiretroviral treatment. This has led to a lack of medication research cen-
tered on investigating the relationship between medication adherence and pill burden or viral
load suppression.

During the course of our study three Korean-recommended HIV/AIDS guidelines were
released—in 2011, 2013, and 2015. These were developed in accordance with the European
AIDS Clinical Society and IAS-USA panel strategies [8-10]. The new guidelines included
offering antiretroviral treatment to all patients, regardless of their CD4+ T cell counts. Tenofo-
vir disoproxil fumarate (TDF)/emtricitabine (FTC) was introduced as a new and preferred
medication in 2013. Elvitegravir/cobicistat/emtricitabine/tenofovir became available only as a
single co-formulated tablet, according to the 2015 guideline.

In May 2012, TDF/FTC became available for prescription in HIV/AIDS treatment, and
lamivudine (3TC)/abacavir (ABC) became available in August 2012, after its addition to the
drug formulary. These simplified ART regimens have made it much easier for patients to take
ART medication once a day; this is composed of two tablets of TDF/FTC in addition to efavir-
enz. Treatment has been further simplified with the addition to the drug formulary of single-
tablet regimens such as elvitegravir/cobicistat/emtricitabine/tenofovir (originally listed in
April 2014) or dolutegravir/abacavir/lamivudine (listed in March 2016). Therefore, we com-
pared the medication possession ratio (MPR) according to sequential groupings into heavy pill
burden (> five tablets/day), mild pill burden (two-four tablets/day), and single-tablet regimen
(STR, one tablet/day) by chronological drug formulary changes.

We set out to compare ART regimen adherence with pill burden depending on the drug
formulary listing of new HIV/AIDS medications. Consequently, the objective of this study was
to investigate medication compliance by medication possession ratio (MPR) according to pill
burden, as well as by viral load suppression by medication compliance according to MPR.

Materials and methods
Data

We extracted electronic medical record (EMR) data from a general hospital in South Korea.
We selected patients who were at least 20 years of age and had been prescribed an ART regi-
men between January 01, 2008, and December 31, 2016. A total of 242 patients were initially
identified. Of these, the ART-naive patients were defined based on their transfer from a local
public health center or a local clinic and no ART regimen prescription. So, 32 subjects were
excluded because their status was not naive in treatment for HIV/AIDS. The remaining 210
subjects were ART-naive patients who had been referred from a local clinic to the general hos-
pital for HIV/AIDS treatment. They would be considered for the final analysis. (Fig 1)

Variables

Patients were categorized into three groups by ART pill count. The magnitude of the pill bur-
den group was measured with the number of tablets according to index date as follows: 1)
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At least HIV-related diagnosis (B20-B24) and HAART treatment during
2008.01-2016.12 (n=242)

Exclusion:
Age<20 (n=0)
Transfer from general hospital and
not naive for HIV/AIDS treatment
(n=32)

The naive subjects for HIV/AIDS treatment (n=210)

Single-tablet regimen Mild pill burden group Heavy pill burden group
group (STR) 24 tablets/day

=5 tablets/day
1 tablet/day (n=50) (n=72)

(n=88)

Fig 1. Flow diagram of the study population.
https://doi.org/10.1371/journal.pone.0245185.g001

heavy pill burden group (> five tablets/day, the reference group); 2) mild pill burden group
(two-four tablets/day), after TDF/ FTC had been added to the drug formulary; and 3) single-
tablet regimen group (STR), after the first co-formulated ART, elvitegravir/cobicistat/emtrici-
tabine/tenofovir, had been listed in the drug formulary. The index date was defined as the first
date the patient with an HIV/AIDS-related diagnosis (International Classification of Diseases-
10 (ICD 10) codes B20-B24) was dispensed a highly active antiretroviral treatment (HAART)
regimen. For each group, the number of pills that the patient needed to take per day was
counted separately for each antiretroviral treatment. The ART regimens that had been pre-
scribed for a minimum of 30 days after the index date and maintained during the 12-24 week
period were assessed. If an ART regimen was changed during the study period, the antiretrovi-
ral pill burden was determined to be the average pill number.

We analyzed two outcomes: the degree of ART regimen adherence and viral load suppres-
sion. Adherence to the ART regimen was measured with the MPR, which is a proxy for medi-
cation compliance by pharmacy refill data. The MPR was calculated as the total number of
days from the index date to the date of the viral load result and was used as the denominator.
During that period, the number of days each patient had the ART available was used as a
numerator [11, 12]. The MPR was calculated as follows.

>~ Total number of days available with antiretroviral treatment
> Total number of days between the index date and the date of HIV — RNA result

Patients with an MPR of 95% or higher were considered adherent to the medication regi-
men [13-15]. The MPR was cut off at “1” for patients with higher than 100% adherence.
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After ART medication was initiated, confirmation of the HIV-RNA viral load between
week12 and week24 was recommended [8, 10]. The antiretroviral effect is confirmed by the
lower limit of detection (LLOD) result after ART initiation. So, the viral load suppression anal-
ysis was conducted on a subset of patients who had HIV-RNA levels both on the pre-index
date and during the 12-24-week period. Virologic suppression was defined as the state in
which the HIV-RNA polymerase chain reaction (HIV-RNA PCR) level during the 12-24
weeks was not detected after the ART regimen was given to the patients. Virologic suppression
was dichotomized with a dummy indicator representing 20 copies/ml or less defined as the
lower limit of detection, to determine whether virologic suppression was achieved [16-18].

The Anderson model has been evaluated as suitable for analyzing predictive factors for the
use of medical and social services. Therefore, we referenced several covariates to account for
patient characteristics (predisposing factors: gender and age at index date; enabling factors:
type of medical insurance; vulnerable need: depression, comorbidities) that was frequently
cited in past HIV/AIDS articles [19, 20]. The HIV/AIDS disease burden was measured using
the pre-index date HIV-RNA viral load and CD4 as well as laboratory variables [5, 14]. In
Korea, 97% of the population must register with the mandatory National Health Insurance,
and the remaining 3%, those in the lowest socioeconomic level, are covered by National Medi-
cal Aid. Given this, we used the medical insurance type to account for their financial status. As
a proxy for comorbidities, we collected data on syphilis and viral hepatitis (Hepatitis B and
Hepatitis C) for infectious diseases. We included all kinds of neoplasm identified at the
referred outpatient visit [21]. A syphilis co-infection was confirmed by ICD-10 codes
(A50-A53) and a benzathine penicillin G prescription. Viral hepatitis B or hepatitis C, chronic
infectious diseases, were confirmed through ICD-10 codes (B18 or K73), and viral hepatitis
medication treatment. Malignancy, including leukemia and lymphoma, was defined by diag-
nosis code (ICD-10 codes C00-C96; see S1 Table) and chemotherapy. The presence of depres-
sion was defined by a psychiatric consultation record and the WHO ATC code for an NO6A
antidepressant or NO5B anxiolytics prescription [22]. As baseline characteristics, we used the
HIV/AIDS disease burden and clinical laboratory data on creatinine, fasting blood glucose,
lipid panel (total cholesterol, low-density lipoprotein (LDL), triglycerides (TG), and high-den-
sity lipoprotein (HDL) within the four weeks before the index date. We also created categorical
variables to account for the HIV/AIDS disease burden. The CD4 count was divided into three
levels: <200 (requiring prophylactic antibiotics), 200-349, and >350. Finally, the pre-index
viral load was classified into four groups: less than 10 000, 10 000-<100 000, 100 000-<500
000, and more than 500 000.

Statistical analysis

This was a cross-sectional study. The patients’ demographic and clinical characteristics were
compared across the three pill burden groups using the 2 test, Fisher’s exact test, or analysis
of variance, as appropriate. Logistic regression models were performed to identify the factors
associated with the MPR and to evaluate the difference in viral load suppression between MPR
95% and less than according to pill burden groups and baseline covariates. All analyses were
performed using STATA 15 (Stata Corp, College Station, TX, USA).

Ethics

This study was approved by the Institutional Review Board of Inha University Hospital
(INHAUH 2018-11-011-002). All information that could identify the subject, such as name
and registration number, was deleted from the electronic medical records for data confidenti-
ality and the subject’s anonymity. The extracted data was generated and managed by
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password-protected files, to which only one researcher had access. All data, including statistical
analyses and results, were stored in one designated computer set with a security number,
which was blocked from the external network. An informed consent waiver was approved by
the Institutional Review Board of Inha University Hospital.

Results

A total of 242 HIV/AIDS patients were prescribed antiretroviral therapy in the years 2008-
2016. Of these, 32 subjects were excluded because they were referred from other general hospi-
tals with a non-naive HIV/AIDS status. The remaining 210 subjects were ART-naive patients
and were included in the final analysis. The baseline characteristics of these 210 subjects are
presented in Table 1.

Males predominated in all three different pill burden groups at an average of 93.2% to 96%.
No statistically significant differences were found among the three groups for pre-index viral
load, presence of depression, comorbidities, and all clinical laboratory data (total cholesterol,
triglycerides (TG), LDL, and HDL). In the case of pre-index viral load, there was one patient
without a pre-index HIV-RNA PCR, but their HIV/AIDS positive result was indicated only by
the ELISA method (reference negative) [23]. In addition, there is no statistically significant dif-
ference at pre-index viral load; it showed a trend with much lower pre-index viral load over
time. The average age at the beginning of the ART regimen was 43.5+13.1 for the heavy pill
burden group, 43.6 £12.6 for the mild pill burden group, and 37.2 +£11.0 for the single-tablet
regimen group (p = 0.008)). A posthoc test showed that the STR group was statistically differ-
ent from the heavy pill burden group and the mild pill burden group. The proportion of
National Medical Aid in the STR group was less than that of the heavy pill burden group
because of their younger age as of the index date. (p = 0.043) These differences in the actual
pill burden appeared among the three groups. The mean of the ART pill numbers per day was
7.1 £2.0,2.9 + 0.8, and one tablet for the heavy pill burden group, mild pill burden group, and
the single-tablet regimen group. (p <0.001), respectively. The ART actual pill changes over
time are plotted in Fig 2. When a new blockbuster HIV/AIDS medication was added to the
drug formulary, the recommended pill burden for patients gradually decreased. The number
of patients that had ART regimen changes within wk12-24 was 27. Twenty-three patients had
records indicating the reason for the treatment change, and four were without valid reasons
for it. The rate of patients who shifted to a different formulation owing to adverse effects and
lab abnormality is 11.3% for the heavy-pill group, 7.0% for the mild-pill group, and 6.0% for
the single-tablet group. This is 8.6% of all 210 persons in the sample (see S2 Table).

Among the three groups, the heavy pill burden group of 47 patients (54.7%) had a CD4
count below the 200 required for prophylactic antibiotic treatment, whereas only seven (8.1%)
patients had a CD4 count >350. However, in the single-tablet regimen group, the proportion
of CD4 count below the 200 was 34%, and the CD4 count over the 350 was 28%, relatively
(p = 0.017). These results may reflect guideline changes, including the offer of antiretroviral
treatment to all patients regardless of their CD4+ T cell counts in the 2013 guidelines. Of the
three groups, the total of syphilis-infected patients was 33 patients; the heavy pill group had 18
patients (20.5%), eight patients (11.1%) were in the mild pill burden group, and seven patients
(14%) were in STR, respectively. The proportion of patients who were prescribed antidepres-
sants or anti-anxiety medications for depression was similar, between 17% and 18% among
the three groups, regardless of duration.

Univariate and multivariate logistic analysis indicated that gender, pre-index viral load, and
antiretroviral treatment pill burden were associated with the MPR, as shown in Table 2. The
univariate analysis showed that females were less likely to be adherent (unadjusted OR = 0.21,
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Table 1. Baseline characteristics of subjects (n = 210, n, (%) or mean +SD).

Variables STRY (n = 50,1 (%)) |Mild pill group V' (n =72, n (%)) |Heavy pill group” (n =88, n (%)) |p-value
Main independent variable
Antiretroviral treatment pill burden 1 29+0.8 7.1£2.0 <0.001
Dependent variables
Medication possession ratio
> 95% 47 (94.0) 55 (76.4) 62 (70.4) 0.002
< 95% 3 (6.0) 17 (23.6) 26 (29.6)
Viral load suppression (LLOD, lower limit of detection)
Yes 39 (78.0) 47 (65.3) 45 (37.5) 0.011
No 8 (16.0) 20 (27.8) 33 (42.3)
Covariates
Pre-index viral load
<10,000 8(16.0) 7(9.7) 7 (8.1) 0.200
10,000 - <100,000 29 (58.0) 29 (40.3) 40 (45.9)
100,000 - <500,000 10 (20.0) 28 (38.9) 30 (34.5)
>500,000 3 (6.0) 8(11.1) 10 (11.5)
Pre-index CD4 count
<200 17 (34.0) 32 (44.4) 47 (54.7) 0.017
200-349 19 (38.0) 24 (33.3) 32(37.2)
>350 14 (28.0) 16 (22.3) 7 (8.1)
Gender
Male 48 (96.0) 69 (95.8) 82(93.2) 0.729
Female 2 (4.0) 3(4.2) 6 (6.8)
Age at index date 37.2+11.0 43.6 £ 12.6 43.5+13.1 0.008
Medical insurance type
National Health Insurance 48 (96.0) 59 (81.9) 73 (82.9) 0.043
National Medical Aid 2 (4.0) 13 (18.1) 15 (17.1)
Depression 9(18.0) 13 (18.1) 15(17.1) 0.983
Comorbidity
Syphilis 7 (14.0) 8(11.1) 18 (20.5) 0.252
Viral hepatitis 1(2.0) 2(2.8) 3(3.4) 0.891
Malignancy 0(0.0) 3(4.2) 3(3.4) 0.400
Clinical Laboratory
Creatinine 0.93 £0.15 1.01 £ 0.34 0.98 £ 0.17 0.171
Fasting Blood Glucose 105.9 + 52.2 107.2+32.8 106.9 + 31.3 0.982
Total Cholesterol 147.7 + 32.8 148.7 + 35.4 156.6 + 32.4 0.212
Triglycerides 136.9 + 98.9 165.4 + 95.5 174.1 + 106.6 0.129
Low-density lipoprotein 92.0 +27.8 89.6 +£27.2 94.1 +25.7 0.633
High-density lipoprotein 39.6 + 14.1 36.2+10.8 40.1 £12.6 0.159

1) STR: Single tablet regimen group, Mild pill group: two-four tablets/day, Heavy pill group: > five tablets/day.
P-value estimated using x2 test, Fisher’s exact test in categorical variables and analysis of variance in continuous variables.

https://doi.org/10.1371/journal.pone.0245185.t001

95% CI, 0.01-0.72) than males. Patients with a higher initial viral load were less likely to be
adherent (unadjusted OR = 0.08, 95% CI, 0.01-0.69). The single-tablet regimen was 6.57 times
more likely to be adhered to than that of the heavy pill burden group (unadjusted OR = 6.57,
95% CI, 1.88-23.0). The multivariate logistic analysis also showed patterns similar to the find-
ings of the univariate analyses: the single-tablet regimen was 5.10 times more likely to be
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Fig 2. Antiretroviral pill burden changes over time.

https://doi.org/10.1371/journal.pone.0245185.9002

adhered to than that of the heavy pill burden group (adjusted OR = 5.10, 95% CI, 1.32-19.7).
Female patients were 0.09-fold less likely to adhere to the ART regimen (95% CI, 0.02-0.44) as
compared with male patients. Those with an initial viral load of 500,000 or more also were
0.040-fold less likely to adhere to (95% CI, 0.01-0.56) than the reference group with an initial
viral load of less than 10,000 (Table 2).

A binary logistic regression analysis on viral load suppression revealed that the pre-index
viral load and medication compliance of 95% or higher were important factors, as shown in
Table 3. We obtained HIV-RNA PCR results for 192 patients at both the pre-index date and
during 12-24 weeks. In the 12-24-week test, 118 patients with a 95% or higher MPR had an
LLOD, and 33 patients failed, whereas in the less than the 95% MPR group, only 13 patients
achieved LLOD; 28 patients did not.

In the unadjusted analysis, a group with 95% or higher MPR was 7.74 times more likely to
have viral load suppression (95% CI, 3.59-16.5). In contrast, a high pre-index viral load
(>500,000) was 0.060-fold less likely to have virologic suppression (95% CI, 0.01-0.36). Such
results were parallel with the multivariate logistic analysis. Patients with a 95% or higher MPR
were 7.38 times more likely to have viral load suppression than those with an MPR of lower
than 95% (95% CI, 2.84-19.2). The group with a pre-index viral load of 500,000 or more was
0.09-fold less likely to have viral load suppression (95% CI, 0.01-0.59) than that with a pre-
index viral load of less than 10,000. In contrast, unlike the results of the univariate logistic
regression analysis, the antiretroviral treatment pill burden group did not show a statistically
significant association with the viral load suppression in multivariate logistic regression analy-
sis (Table 3).

Discussion

We investigated the relation between pill burden and medication adherence and viral load
suppression. In particular, we assessed whether a gradual change in pill burden, based on drug
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Table 2. Factors associated with MPR (medication possession ratio) (n = 210).

Variables Univariate logistic analysis OR (95% CI) | Multivariate logistic analysis OR (95% CI)
MPR > 95% (n = 164) MPR > 95% (n = 164)

Antiretroviral
treatment
Pill burden

Heavy pill burden | Reference Reference
group”

Mild pill burden 1.36 (0.67-2.76) 1.24 (0.56-2.75)
group”

Single tablet 6.57 (1.88-23.0) 5.10 (1.32-19.7)
regimenl)
Gender

Male Reference Reference

Female 0.21 (0.01-0.72) 0.09 (0.02-0.44)

Age at index date

0.99 (0.97-1.02)

0.99 (0.96-1.02)

Medical insurance

type

National Health
Insurance

Reference

Reference

National Medical
Aid

0.50 (0.21-1.16)

0.81 (0.29-2.26)

Pre-index viral load

<10,000

Reference

Reference

10,000 - <100,000

0.18 (0.02-1.46)

0.10 (0.01-1.17)

100,000 - <500,000

0.15 (0.01-1.24)

0.09 (0.01-1.11)

>500,000 0.08 (0.01-0.69) 0.04 (0.01-0.56)
Pre-index CD4 count

<200 Reference Reference

200-349 1.59 (0.75-3.38) 0.91 (0.39-2.14)

>350 1.21 (0.49-2.99) 0.89 (0.26-2.81)
Depression 0.71 (0.31-1.60) 0.59 (0.24-1.48)
Comorbidity

Syphilis 0.85 (0.34-2.05) 0.83 (0.29-2.33)

Viral hepatitis 0.27 (0.05-1.37) 0.12 (0.01-0.89)

Malignancy 0.27 (0.05-1.37) 0.49 (0.07-3.62)

1) STR: Single tablet regimen group, Mild pill group: two-four tablets/day, Heavy pill group: > five tablets/day.

https://doi.org/10.1371/journal.pone.0245185.t1002

formulary changes from more than five tablets a day (heavy pill burden) to two-four tablets

(mild pill burden) or a single-tablet level, was associated with a higher rate of medication

adherence and virologic suppression.
Our findings showed that a lower pill burden, a lower HIV-RNA level, and male patients
were associated with higher medication adherence. Patients who had a higher initial viral level
had a lower MPR. In addition, the MPR of the lower pill burden group as STR was higher than
that of the heavy pill burden group. These are parallel with the results of other global studies
comparing the MPR of STR and MTR for drug compliance [7, 24, 25]. In this study, female
patients were associated with lower medication adherence. This also coincides with the results

of previous studies on the Korean population in which the female group characterized by
lower medication adherence [5, 26]. In addition, this study found that good medication
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Table 3. Factors associated with viral load suppression (Lower Limit of Detection (LLOD)) (n = 192).

Univariate logistic analysis viral load
suppression (LLOD), (95% CI),

Multivariate logistic analysis viral load
suppression (LLOD), OR (95% CI)

Variables Yes (n=131) Yes (n=131)
Medication
possession ratio

<95% Reference Reference

>95% 7.74 (3.59-16.5) 7.38 (2.84-19.2)
Antiretroviral
treatment
Pill burden

Heavy pill burden | Reference Reference
groupl)

Mild pill burden 1.72 (0.86-3.43) 1.80 (0.75-4.28)
groupl)

STRY 3.56 (1.48-8.65) 1.78 (0.60-5.27)
Gender

Male Reference Reference

Female 0.36 (0.11-1.24) 0.34 (0.07-1.59)
Age at index date 0.99 (0.97-1.01) 0.99 (0.96-1.02)
Medical insurance
type

National Health Reference Reference
Insurance

National Medical 0.92 (0.40-2.10) 0.99 (0.32-3.09)
Aid
Pre-index viral load

<10,000 Reference Reference

10,000 - <100,000

0.40 (0.09-1.90)

0.86 (0.18-4.16)

100,000 - <500,000

0.11 (0.02-0.49)

0.22 (0.04-1.09)

>500,000

0.06 (0.01-0.36)

0.09 (0.01-0.59)

Initial CD4 count
<200 Reference Reference
200-349 1.32(0.68-2.61) 0.76 (0.32-1.82)
>350 2.54 (1.00-6.45) 1.66 (0.47-5.87)
Depression 0.92 (0.41-2.03) 1.07 (0.37-3.04)
Comorbidity
Syphilis 1.82 (0.74-4.47) 2.18 (0.64-7.44)
Viral hepatitis 0.46 (0.06-3.33) 0.96 (0.10-9.67)
Malignancy 0.93 (0.17-5.21) 4.05 (0.25-65.1)

1) STR: Single tablet regimen group, Mild pill group: two-four tablets/day, Heavy pill group: > five tablets/day.

https://doi.org/10.1371/journal.pone.0245185.t003

adherence (95% or higher MPR) and lower initial viral load indicated a higher rate of viral

load suppression. Of the total 210 patients, the 118 patients in the 95% or higher MPR group
achieved viral load suppression. In the lower than 95% MPR group, only 13 patients reached
an LLOD. According to previous studies, the MPR is closely associated with the virologic fail-
ure rate [27-30]. During the study period from 2008 to 2016, the rate of HIV/AIDS patients
with depression did not change significantly, remaining between 17% to 18%. According to
previous studies about depression and AIDS, social stigma related to HIV/AIDS causes depres-
sion and anxiety, which may not only provoke suicidal ideation but reduce medication
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compliance [31, 32]. To reduce the number of HIV/AIDS patients with depression and
improve ART compliance, HIV/AIDS-related knowledge should be increased, and HIV/
AIDS-related stigma must be reduced.

This study has several limitations. First, we analyzed a small sample of 210 individuals,
which is too small to represent the general Korean population. From 2008 to 2016, an average
number of 20-30 HIV/AIDS-naive patients were enrolled in the institution from which our
data were extracted, excluding patients who had transferred while already in HIV/AIDS treat-
ment. Considering that 1,191 new HIV/AIDS subjects were registered in 2017 across Korea,
this means that our study sample accounted for only approximately 2.5% of all newly-enrolled
HIV/AIDS patients nationwide [33]. Furthermore, 18 patients or approximately 8.5% of the
210 subjects who were initially included in our study did not have outpatient visits during
weeks 12-24; therefore, they were excluded from the final virologic suppression analysis owing
to a lack of HIV-RNA PCR data during that period. However, as the majority of the 18 patients
were successfully treated, showing a lower viral load of fewer than 100 copies/ml before week
12 (two patients obtained LLOD earlier within wk4 and five patients’ HIV-RNA level was 20—
99 copies/ml), so their outpatient follow-up visit interval was extended to more than three
months. As for the 18 patients, there were 13 patients with a HIV-RNA PCR before wk12, four
patients with LLOD results after wk24, and only one patient without a pre-index HIV-RNA
viral load. Additionally, five of the total 18 patients obtained LLOD at the first HIV-RNA PCR
after taking ART, with two obtaining LLOD earlier within wk4. However, this does not make
any significant statistical difference in MPR and viral load suppression if we conduct addi-
tional analysis of the total of 210 subjects. This study used the MPR as the indicator of medica-
tion adherence because it is appropriate for HIV/AIDS patients who generally receive multiple
ART medications in the same outpatient visit. However, the MPR has its own limitation in
that it can be measured only based on the ART dispensing record. Thus, it is not possible to
ascertain whether patients actually take their ART medication [29, 34]. Finally, second-genera-
tion antiretroviral medications or single-tablet regimens have lower toxicities and lower viral
resistance rates, which contribute to better medication adherence and the viral suppression
effect. The improved effectiveness of newer ART medication is consistent with our research
finding that compared to the heavy pill burden group, the single-tablet group sustained a
higher level of medication adherence and viral load suppression.

Despite these limitations, our study provides a significant finding regarding the relationship
between pill burden and ART adherence. According to the results, the lower pill burden repre-
sented by taking STR and the lower HIV/AIDS disease burden represented by the lower initial
viral load were associated with better medication adherence and virologic suppression. These
results suggest that the STR could improve medication adherence and clinical virologic out-
comes, as we expected. As HIV/AIDS patients continue to live longer, it is becoming increas-
ingly important to manage medication adherence and concomitant medications effectively;
therefore, further research on ART adherence and polypharmacy is needed for the general
population.
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