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ABSTRACT

Introduction: Recent changes in antiretroviral
therapies (ARTs) may have affected medication
adherence of people living with human
immunodeficiency virus-1 (HIV-1). In this study
adherence to ART regimens among patients
with HIV-1 (PWH) across the US during a recent
time period was examined and study findings
were stratified by US region and state.
Methods: A retrospective observational study
using the Symphony Health Solution Integrated
Dataverse database was conducted.
Patients C 18 years of age who had a diagnosis of
HIV-1 (without anHIV-2diagnosis) andwhowere
treated with ART between July 2017 and

September 2018 (first pharmacy record: index
date) were selected from the data source. Both
patientswhohadnotbeenpreviously treatedwith
ART and those who were treatment experienced
were included. Patientswere required tohave C 1
medical/pharmacy record C 12months after
their index date (follow-up period). Patient char-
acteristics were examined during a 12-month pre-
index period. During the follow-up, medication
adherence, measured as the proportion of days
covered (PDC), was examined for all patients and
stratified by US region and state.
Results: Among 206,474 adult PWH treated
with ART, mean age was 47.9 years, 73.4% were
male, and 30.0% were Caucasian. The most
prevalent comorbid conditions were hyperlipi-
demia (25.1%), depressive disorders (14.8%),
and type 2 diabetes (12.1%). During the follow-
up period, mean (standard deviation) PDC was
74.1% (25.9%) among PWH across the US
[Midwest: 74.4% (25.5%); Northeast: 74.3%
(26.1%); South: 73.2% (26.3%); West: 76.4%
(24.8%)]. Across all US regions,[60% of PWH
had adherence\90% and[ 40% had adher-
ence\ 80%; the West had the highest adherent
population.
Conclusions: Among PWH treated with ART
across the US, a majority had suboptimal
adherence. Implementation of strategies to
improve ART adherence, including clinical
consideration of ARTs with high genetic barriers
to resistance, is needed in the US.
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Key Summary Points

Why carry out this study?

A previous US study by Benson et al.
examined adherence to antiretroviral
therapy (ART) of patients with human
immunodeficiency virus-1 (HIV-1; PWH)
treated between January 2015 and
September 2017 and found an average
adherence level of 72%; their findings
were stratified by US state, providing a
state- and regional-level depiction of ART
adherence for targeting intervention
efforts

Since 2017, several ART medications,
including single-tablet regimens (STRs),
have been developed and approved by the
US Food & Drug Administration for the
treatment of HIV-1; such changes in the
treatment landscape of HIV-1 could
potentially affect medication adherence,
and further study of ART adherence is
warranted

What was learned from the study?

In this large nationwide US study,
including over 200,000 people diagnosed
with HIV-1 and treated with ART during
July 2017 through September of 2019, the
average adherence to therapy was
approximately 74%; those in the West
had the highest mean adherence (76%)
and those in the South, the lowest (73%)

Across the US, a majority (approximately
60%) of PWH had suboptimal adherence
[proportion of days covered (PDC)\90%]
to ART and 42% had poor adherence (PDC
\80%)

Implementation of strategies to improve
ART adherence, including clinical
consideration of ARTs with high genetic
barriers to resistance, is needed in the US

INTRODUCTION

Between 2013 and 2018, the estimated number
of new diagnoses of human immunodeficiency
virus (HIV) infections in the US (US) was
approximately 38,000 annually [1, 2]. Accord-
ing to the most recent data available (2018)
from the Centers for Disease Control and
Prevention (CDC), approximately 1.2 million
people are living with HIV in the US [3]. With-
out treatment, HIV infection leads to the
development of acquired immunodeficiency
syndrome (AIDS) and eventually death. The
introduction of antiretroviral therapy (ART) in
the late 1980s transformed the treatment of
HIV, such that the disease could be pharmaco-
logically managed. Highly active ART medica-
tions effectively inhibit HIV replication and
thereby significantly reduce disease progression
to AIDS, increase survival and quality of life,
and block viral transmission [4–6]. However, to
achieve sustained optimal viral suppression, a
systematic review of numerous studies
(2012–2016) of patients with HIV-1 (PWH) on
ART regimens reported that a high level of
adherence (C 90%) is necessary [7].

In 2019, the Pharmacy Quality Alliance, a
nationally recognized organization in the US
that provides consensus-based measures for
medication safety, adherence, and appropriate
use, also recommended C 90% adherence to be
considered as optimal for ART regimens [8]. The
US Department of Health and Human Services
(DHHS) guidelines for adults and adolescents
living with HIV recommend multiple strategies
to improve adherence to ART treatments,
including providing uninterrupted access to
care, motivation for ART initiation, the periodic
assessment of adherence to ART and care,
patient education on the importance of adher-
ence, and the simplification of ART dosing, such
as using a single-table regimen (STR) [9, 10]. The
use of STRs has been found in several studies to
be associated with improved adherence to ART
regimens versus multiple tablet regimens
(MTRs) among PWH [7, 11–15] and in some
studies was also found to be associated with
improved outcomes, including higher levels of
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viral suppression, decreased hospitalizations,
and lower medical costs [7, 11, 14].

A previous US study by Benson et al. [16]
examined adherence to ART of PWH treated
between January 2015 and September 2017 and
found an average adherence level of 72%; their
findings were stratified by US state, providing a
state- and regional-level depiction of ART
adherence for targeting intervention efforts.
Since 2017, several ART medications, including
STRs, have been developed and approved by the
US Food and Drug Administration for the
treatment of HIV-1; such changes in the treat-
ment landscape of HIV-1 could potentially
affect medication adherence. To address this
topic, this study examined adherence to ART
regimens among PWH across the US between
July 2017 and September 2019; findings were
stratified by US region and state.

METHODS

Study Design and Data Source

A retrospective observational study was con-
ducted using data from the Symphony Health
Solution Integrated Dataverse (IDV�) database
from July 1, 2016, through September 30, 2019.
The IDV� database is a comprehensive source of
longitudinal healthcare data for[ 300 million
patients throughout the US and its territories.
Each patient is assigned a unique encrypted
identifier, and a patient matching process is
used to consolidate data gathered from data
suppliers into records of their medical, hospital,
and prescription activity. The anonymous lon-
gitudinal data include patient demographic
information, health plan characteristics, medi-
cal service use (i.e., diagnosis and procedure
codes), and pharmacy dispensing data.

The data source used for this study is com-
prised of administrative healthcare records that
are deidentified and certified to be fully com-
pliant with the Health Insurance Portability and
Accountability Act patient confidentiality
requirements. Institutional review board
approval to conduct this study was not required
because the study used only deidentified patient

records and did not involve the collection, use,
or transmittal of individually identifiable data.

Patient Selection

Patients C 18 years of age who were treated
with ART between July 2017 and September
2018 were selected from the IDV database. ART
was defined as either a combination regimen of
1 core ART medication and C 1 other ART
medication within a 14-day period following
the pharmacy record of the core ART medica-
tion (MTR) or 1 STR. ART core medications
included the integrase strand transfer inhibitors
(INSTIs), dolutegravir and elvitegravir, the pro-
tease inhibitors, darunavir and atazanavir, and
the non-nucleoside reverse transcriptase inhi-
bitors (NNRTIs), efavirenz, doravine, and rilpi-
virine. The STRs included Atripla�, Biktarvy�,
Complera�, Genvoya�, Odefsey�, Stribild�,
(Gilead Sciences, Inc.), Dovato�, Juluca�, Tri-
umeq� (ViiV Healthcare), Symfi� (Viatris, Inc.),
Delstrigo� (Merck), and Symtuza� (Janssen
Therapeutics). All ART medications were iden-
tified by IDV database-specific drug identifiers.

The date of the earliest pharmacy record for a
core ART medication (with a record for another
ART medication within 14 days) or STR was
designated as the index date for a patient.
Patients were required to have a diagnosis of
HIV-1 based on the presence of an International
Classification of Diseases, 10th Revision, Clini-
cal Modification (ICD-10-CM) code indicating
HIV-1 (B20, R75, and Z21) on a medical record
during the 12-month baseline period prior to
their index date or on their index date. Patients
were also required to have C 1 medical/phar-
macy record C 12 months after their index date
(follow-up period) recorded in the data source
to ensure that patients were not dropped from
the database during the follow-up period.
Patients were excluded from the study popula-
tion if they had a diagnosis of HIV-2 (ICD-10-
CM code: B97.35) during any time of the study
period or if they had missing gender, age, or US
state information. Both patients who had not
been previously treated with ART, defined as
having no ART use during the 12-month base-
line period, and those who were treatment
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experienced (i.e., with a pharmacy record for an
ART medication during the baseline period)
were included in the study population. The
selection process of patients is shown in Fig. 1.

Patient Demographic and Clinical
Characteristics

Patient demographic and clinical characteris-
tics, including age, gender, race/ethnicity,
insurance type, Quan-Charlson Comorbidity
Index (CCI) score (modified by exclusion of
HIV/AIDS diagnoses), and select comorbid

conditions, were evaluated during patients’
baseline period or on their index dates. All
comorbid conditions were identified based on
the presence of corresponding ICD-10-CM
codes in medical records.

Adherence to ART

Adherence to index ART was measured during
patients’ 12-month follow-up period using the
proportion of days covered (PDC). The PDC was
calculated as the sum of days during the follow-
up period that were covered by either C 2 ARTs

Fig. 1 Patient selection process. ART antiretroviral therapy
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Table 1 Demographic characteristics of study population, overall and stratified by US region

Characteristic All
N = 206,474

Midwest
N = 36,169
(17.5%)

Northeast
N = 57,628
(27.9%)

South
N = 89,066
(43.1%)

West
N = 23,302
(11.3%)

Other
regionsa

N = 309
(0.1%)

Age (years)

Mean (SD) 47.9 (12.7) 45.9 (12.7) 48.9 (12.6) 48.0 (12.6) 48.3 (12.7) 49.5 (11.7)

Median 50 47 51 50 50 50

Age group, N %

18–44 years 75,678 (36.7) 15,441 (42.7) 19,237 (33.4) 32,487 (36.5) 8420 (36.1) 93 (30.1)

45–54 years 61,924 (30.0) 10,559 (29.2) 17,303 (30.0) 27,013 (30.3) 6943 (29.8) 106 (34.3)

55–64 years 51,920 (25.2) 8070 (22.3) 15,722 (27.3) 22,254 (25.0) 5791 (24.9) 83 (26.9)

C 65 years 16,952 (8.2) 2099 (5.8) 5366 (9.3) 7312 (8.2) 2148 (9.2) 27 (8.7)

Gender, N %

Female 54,938 (26.6) 7903 (21.9) 17,638 (30.6) 25,845 (29.0) 3431 (14.7) 121 (39.2)

Male 151,536

(73.4)

28,266 (78.2) 39,990 (69.4) 63,221 (71.0) 19,871 (85.3) 188 (60.8)

Race/ethnicity,

N %

Caucasian 61,829 (30.0) 12,798 (35.4) 14,450 (25.1) 25,272 (28.4) 9307 (39.9) 2 (0.7)

Black/African

American

54,849 (26.6) 10,453 (28.9) 14,266 (24.8) 29,164 (32.7) 966 (4.2) 0 (0)

Hispanic 21,813 (10.6) 1676 (4.6) 9092 (15.8) 8413 (9.5) 2631 (11.3) 1 (0.3)

Asian 1256 (0.6) 167 (0.5) 385 (0.7) 411 (0.5) 293 (1.3) 0 (0)

Unknown/other 66,727 (32.3) 11,075 (30.6) 19,435 (33.7) 25,806 (29.0) 10,105 (43.4) 306 (99.0)

Insurance type,

N %

Commercial 78,996 (38.3) 15,227 (42.1) 17,683 (30.7) 38,264 (43.0) 7776 (33.4) 46 (14.9)

Medicaid 63,020 (30.5) 12,139 (33.6) 22,683 (39.4) 20,685 (23.2) 7271 (31.2) 242 (78.3)

Medicare 40,927 (19.8) 6224 (17.2) 10,201 (17.7) 19,833 (22.3) 4655 (20.0) 14 (4.5)

Other/

unspecified

23,531 (11.4) 2579 (7.1) 7061 (12.3) 10,284 (11.6) 3600 (15.4) 7 (2.3)

SD standard deviation
a ‘‘Other regions’’ included US territories or military bases not included in the US census regions, etc.
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(per defined MTR above) or 1 STR, divided by
the number of days in the follow-up period (i.e.,
365 days). Values for PDC range from 0 to 100%
with higher values indicating higher adherence
and ‘‘100%’’ indicating a patient who had
complete ART medication adherence. The PDC
was determined for all patients in the study
population and stratified by US region and
state. Additionally, the percentages of patients
with adherence levels of\80%, 80% to\90%,
and C 90% (optimal adherence) were reported.

Sensitivity Analyses

A sensitivity analysis was conducted on adher-
ence to ART that only included patients who
were newly treated with ART (i.e., no ART
medication use during the 12-month baseline
period).

Statistical Analyses

For the descriptive analyses in this study, means
and standard deviations (SD) were reported for
continuous variables and counts and percent-
ages for categorical variables. All data analyses
were conducted using SAS� 9.4 (SAS Institute,
Cary, NC USA).

RESULTS

Patient Characteristics

The overall study population included 206,474
PWH treated with ART; 17.5% resided in the
Midwest, 27.9% in the Northeast, 43.1% in the
South, 11.3% in the West, and 0.1% in other
regions (US territories or military bases not
included in the US census regions, etc.). Most
patients (81.7%) had at least one prior ART

Table 2 Clinical characteristics of study population, overall and stratified by US region

Characteristic All
N = 206,474

Midwest
N = 36,169

Northeast
N = 57,628

South
N = 89,066

West
N = 23,302

Other
regionsa

N = 309

CCI scoreb

Mean (SD) 0.8 (1.5) 0.7 (1.4) 0.9 (1.5) 0.9 (1.5) 0.7 (1.3) 0.9 (1.3)

CCI score group, N (%)

CCI = 0 126,244 (61.1) 23,316 (64.5) 33,398 (58.0) 53,882 (60.5) 15,481 (66.4) 167 (54.1)

CCI = 1–2 57,918 (28.1) 9469 (26.2) 17,159 (29.8) 25,322 (28.4) 5863 (25.2) 105 (34.0)

CCI = 3–4 15,017 (7.3) 2299 (6.4) 4745 (8.2) 6623 (7.4) 1320 (5.7) 30 (9.7)

CCI C 5 7295 (3.5) 1085 (3.0) 2326 (4.0) 3239 (3.6) 638 (2.7) 7 (2.3)

Comorbid condition,c N (%)

Depressive disorders 30,499 (14.8) 5659 (15.7) 9344 (16.2) 12,378 (13.9) 3092 (13.3) 26 (8.4)

Anxiety disorders 23,297 (11.3) 4436 (12.3) 6539 (11.4) 9611 (10.8) 2691 (11.6) 20 (6.5)

Hyperlipidemia 51,907 (25.1) 7228 (20.0) 14,732 (25.6) 24,412 (27.4) 5423 (23.3) 112 (36.3)

Type 2 diabetes 24,926 (12.1) 3515 (9.7) 8037 (14.0) 11,157 (12.5) 2167 (9.3) 50 (16.2)

Substance abuse 22,513 (10.9) 3979 (11.0) 8338 (14.5) 7768 (8.7) 2414 (10.4) 14 (4.5)

CCI Charlson Comorbidity Index, SD standard deviation
a ‘‘Other regions’’ included US territories or military bases not in the US census regions, etc.
b CCI calculated without HIV/AIDS diagnoses
c Comorbid conditions with C 10% prevalence reported
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treatment in the baseline period (ART experi-
enced) and a majority (68.8%) used an STR as
their index ART.

Patient demographic and clinical character-
istics are shown in Tables 1 and 2, respectively,
for the overall study population and stratified
by US region. Among the overall study

population, mean age was 47.9 years, 73.4%
were male, 30.0% were Caucasian, and 26.6%
were Black/African American. Over one-third
(38.3%) had commercial insurance, 30.5% were
covered by Medicaid, and 19.8% by Medicare.
CCI scores were generally low (mean: 0.8) after
excluding HIV/AIDS diagnoses. Comorbid con-
ditions with C 10% prevalence in the overall
study population included hyperlipidemia
(25.1%), depressive disorders (14.8%), type 2
diabetes (12.1%), anxiety disorders (11.3%), and
substance abuse (10.9%).

Adherence to ART

During the 12-month follow-up, mean (SD)
PDC was 74.1% (25.9%) among all PWH across
the US included in the study; in the Midwest
mean (SD) PDC was 74.4% (25.5%), in the
Northeast it was 74.3% (26.1%), in the South it
was 73.2% (26.3%), in the West it was 76.4%
(24.8%), and in other regions it was 73.2%
(22.2%) (Table 3).

Adherence levels across all US states are
shown in Fig. 2 and Supplementary Table 1.

Table 3 Adherence to ART during the 12-month follow-
up period, overall and stratified by US region

PDC %

Mean SD Median

All 74.1 25.9 84.9

Midwest 74.4 25.5 84.9

Northeast 74.3 26.1 85.5

South 73.2 26.3 84.1

West 76.4 24.8 87.1

Other regions 73.2 22.2 80.3

ART antiretroviral therapy, PDC proportion of days cov-
ered, SD standard deviation

Fig. 2 Mean adherence to ART during the 12-month follow-up period stratified by US state. ART antiretroviral therapy,
PDC proportion of days covered
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Mean adherence to ART ranged from 67.7% in
Alaska to 83.5% in South Dakota. The five states
with the highest average adherence to ART were
South Dakota (83.5%), Hawaii (79.7%), New
Hampshire (78.9%), Wyoming (78.6%), and
North Dakota (78.3%). The five states with the
lowest average adherence to ART were Alaska
(67.7%), Mississippi (69.7%), Kentucky (70.0%),
Louisiana (70.0%), and Maryland (70.9%).

Among all PWH included in the study pop-
ulation, 38.7% had optimal adherence (PDC
C 90%), 18.8% had PDC = 80% to\90%, and
42.5% had PDC\ 80% (Fig. 3). Across US
regions, the percentage of PWH with adherence
to ART\90% ranged from 57.6% in the West
to 62.6% in the South; 38.3–43.9% had poor
adherence (PDC\ 80%) (Fig. 3).

Figure 4 shows the percentage of PWH with
poor adherence (PDC\ 80%) stratified by US

Fig. 3 Adherence to ART during the 12-month follow-up period, overall and stratified by US region. ART antiretroviral
therapy, PDC proportion of days covered

Fig. 4 Percentage of PWH with poor adherence to ART (PDC\ 80%) during the 12-month follow-up period stratified
by US state. ART antiretroviral therapy, PWH patients with HIV-1
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state. The five states with the lowest percentages
of patients with PDC\80% were South Dakota
(25%), Hawaii (34%), Rhode Island (35%), Cal-
ifornia (36%), and Wyoming (36%). The five
states with the highest percentages of patients
with PDC\ 80% were Alaska (55%), Mississippi
(49%), Louisiana (49%), Maryland (48%), and
Maine (47%).

Sensitivity Analyses

In the sensitivity analysis of patients who did
not have any prior ART use during the baseline
period (i.e., newly treated with ART), 37,825
were included (mean age: 44.8 years; 71.8%
male; Supplementary Table 2). A majority
(72.8%) used an STR as their index ART. Among
this population subset, mean (SD) PDC was
64.2% (31.0%; median: 74.8%) and lower than
the overall study population; 29.9% had opti-
mal adherence (PDC C 90%), 15.3% had
PDC = 80% to\90%, and 54.8% had poor
adherence (PDC\80%) (Fig. 5). Across US
regions, the percentage of newly treated PWH
with adherence to ART\ 90% ranged from
66.0% in the West to 71.3% in the South;
50.3–55.9% had poor adherence (PDC\80%)
(Fig. 5).

DISCUSSION

In this large retrospective US study including[
200,000 PWH who were treated with ART dur-
ing July 2017 through September 2019, we
found that the average adherence to therapy
was approximately 74%, with those in the West
having the highest mean adherence (76%) and
those in the South, the lowest (73%). A majority
(approximately 60%) of PWH had suboptimal
adherence (PDC\ 90%) to ART and 42% had
poor adherence (PDC\80%). In a prior
nationwide US study of 169,545 PWH treated
with ART during January 2015 through
September 2017 who were also selected from
the IDV database, Benson et al. [16] reported an
average adherence of 72%. Among this patient
population, 25% had optimal adherence,
defined as having PDC C 95%, and 45% exhib-
ited poor adherence (PDC\ 80%) [16]. Thus,
adherence to ART among PWH in the US has
remained relatively stable during years 2015 to
2019, with slightly fewer PWH exhibiting poor
adherence to ART during the time period of the
current study. These study findings imply that
the recent introduction of STRs does not seem
to have considerably impacted adherence to
ART.

The mean adherence level to ART observed
in this study is lower than found in some other
prior studies with sample sizes that were

Fig. 5 Sensitivity analysis of newlya treated PWH:
adherence to ART during the 12-month follow-up period,
overall and stratified by US region. ART antiretroviral

therapy, PDC proportion of days covered, PWH patients
with HIV-1. aNewly treated, defined as having no ART
medication use during the 12-month baseline period
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relatively large, but inclusive of patients with
less generalizable characteristics [17, 18]. In a
retrospective study by Youn et al. [17], 23,343
PWH insured by Medicaid in 14 US states with
high HIV prevalence were included; a majority
were younger than 44 years of age, approxi-
mately one-third were from the state of New
York and 15% resided in California and 10% in
Florida. Youn et al. [17] reported that from 2001
to 2010, the percentage of patients who initi-
ated ART who had[90% adherence, measured
as ART implementation, increased from 33.5 to
52.4%. For comparison, in our study popula-
tion, only 39% of the patients had a PDC
C 90%. In a study of commercially and Medi-
care Advantage-insured PWH (N = 25,320;
mean age: 45 years; 43% from the South) iden-
tified between 2010 and 2014, the reported
mean PDC was 82% among those on C 2 ART
medications and 25% had poor adherence [18].
The higher adherence to ART observed in these
studies may be related to several factors,
including differences in patient demographic
characteristics, study years, data sources, meth-
ods of measuring adherence, and insurance
types. Another claims-based study of 1698
commercially insured PWH and 332 Medicaid-
covered PWH who initiated ART between 2007
and 2014 reported 15-month mean adherence
levels, measured by PDC, of 79% among those
commercially insured and 65% among those
covered by Medicaid [14]; although follow-up
durations differed, these findings are more
similar to our study.

In the sensitivity analysis of patients newly
treated with ART, we observed a 10% lower
average adherence to ART compared with the
overall study population (64% vs. 74%). The
patients included in this sensitivity analysis
were younger than the overall study population
(mean age: 45 vs. 48 years; 47% vs. 37% were
between 18 and 44 years of age, respectively);
similarly, a greater percentage was covered by
Medicaid (37% vs. 31%) and fewer by Medicare
(14% vs. 20%). There were also some differences
in the race/ethnicity distribution among those
newly treated with ART; the percentage of
Caucasians was lower (25% vs. 30%), but the
percentage of those with unknown/other race/
ethnicity was higher (38% vs. 32%). Benson

et al. [16] also assessed social determinants of
adherence and found that poor adherence to
ART was associated with non-Caucasian race,
unemployment, no health insurance, lower
educational status, and those without linkage to
care. Another study of 2633 PWH (2017–2019)
also observed that younger age was a predictor
of low ART adherence [19]. The findings of these
studies and ours may be helpful for targeting
and tailoring efforts to improve adherence to
ART among persons who are newly treated with
ART. However, since we defined ‘‘newly treated
with ART’’ as no ART use during the 12-month
baseline period, this patient group may have
been comprised of those who initiated their first
ART regimen during the study identification
period and also those who had been potentially
non-adherent to their prior ART medications
and had a long interruption (i.e., at least
12 months) in therapy prior to restarting ART.
The latter patient subset may have biased this
patient group toward lower adherence.

Our study population was generally young,
with 37% being 18–44 years of age and most
were male (73%). These characteristics are rela-
tively similar to the study population of Benson
et al. [16] in which 40% were 18–44 years of age
and 73% were male. Among our study popula-
tion, there was good representation of patients
with different races/ethnicities (Caucasian:
30%; Black/African American: 27%; Hispanic:
11%; unknown/other: 32%) and insurance
types [commercial: 38%; Medicaid: 31%; Medi-
care: 20%; other smaller categories of insurance
types/unspecified insurance type (may include
some uninsured PWH): 11%]. This distribution
of insurance types is somewhat different from
that of the study population of Benson et al.
[16] (commercial: 25%; Medicaid: 31.5%;
Medicare: 18%). This may be related to the data
source year and data processes of the IDV
database, since in our study a lower proportion
of patients were found to have other/unspeci-
fied insurance types than in Benson et al. [16]
(11% vs. 17%). Future studies may be warranted
on how age, race/ethnicity, and insurance type
affect adherence to ART to better target inter-
vention efforts.

Currently, the threshold of optimal adher-
ence to ART is in debate, most notably because

4970 Adv Ther (2021) 38:4961–4974



newer ART regimens may achieve sustained
viral suppression with lower levels of adherence
[7, 20, 21]. Defining optimal adherence to ART
is critical since suboptimal adherence can lead
to virologic failure and the development of HIV
drug resistance [10]. The success of ART is not
only measured in sustained viral suppression
and improving clinical outcomes of PWH, but
also in preventing the emergence of viral resis-
tance to HIV drugs, a transmissible consequence
of inadequate viral suppression. Using the
Monogram/LabCorp database, Benson et al. [16]
also examined HIV-1 drug resistance rates in the
US and found that they were exceptionally high
in most states, ranging between 20 and 54%,
with some of the states with the highest rates of
HIV drug resistance also having relatively high
rates of poor adherence to ART. Improving ART
adherence, population testing for HIV drug
resistance and HIV genotyping, as well as the
use of ART regimens with high genetic barriers
to resistance are all strategies worth imple-
menting to achieve sustained viral suppression
[22, 23]. ART regimens with high genetic barri-
ers to resistance refers to those that maintain
optimal viral suppression in the presence and
accumulation of resistance-associated viral
mutations. These ART regimens may be partic-
ularly beneficial to PWH who have suboptimal
adherence [24] and are recommended in the
DHHS guidelines for such patients [10].

The findings of this retrospective observa-
tional study should be interpreted in the con-
text of certain limitations. First, adherence to
ART was calculated based on prescription fills
and pharmacy records. Because it is not possible
to confirm whether a patient actually took their
medication as prescribed, adherence to ART
may have been overestimated in this study;
however, our study findings highlight a con-
cerning prevalence of suboptimal adherence in
the US. Second, while our study population
included patients from all US Census Bureau
designated regions and all major US insurance
types were well represented, our study findings
may not be generalizable to PWH defined by
more specific demographics, such as those
residing in rural areas, or those who are unin-
sured or have interrupted coverage. Addition-
ally, this study examined adherence to ART

regimens among PWH prior to the COVID-19
pandemic, which may have recently affected
adherence levels.

The IDV database consolidates data from
multiple healthcare suppliers, but it may not
have captured all medical and pharmacy
records for the patients included in this study.
Also, the data source contains limited informa-
tion on laboratory testing data on the level of
viral suppression and drug resistance of HIV
patients. Therefore, these outcomes could not
be examined in this study. While in this study
we analyzed adherence to ART at the national,
regional, and state levels using descriptive
statistics, as well as conducted a sensitivity
analysis of only PWH newly treated with ART,
future studies may be warranted on how age,
race/ethnicity, insurance types, comorbidities,
and different ART regimens/medications affect
adherence levels using multivariable analyses.

Since the data source is not insurance claims-
based, there was no insurance enrollment status
data available. Thus, we used an inclusion cri-
terion that required medical or pharmacy
activity during the follow-up period as a proxy
for continuous enrollment. In doing so,
patients who died within 12 months of the
index date or who were lost to follow-up for any
other reason were excluded from the study.
Despite these limitations, the number of PWH
included in this study was [ 200,000 with
patients represented in every US state. Thus, the
findings on adherence to ART described herein
may be helpful toward guiding efforts to opti-
mize adherence in the continuum of care of
patients with HIV-1 at the national, regional,
and state levels.

CONCLUSIONS

This large nationwide US study, including [
200,000 patients with HIV-1, found that
adherence to ART was suboptimal or poor for[
60% of patients, with some small variations in
adherence observed across US regions. More
intensive implementation of interventions to
improve ART adherence is needed in the US. As
outlined by the DHHS [10], such interventions
may include providing uninterrupted access to
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care, the periodic assessment of adherence to
ART and care, patient education on the impor-
tance of adherence, and clinical consideration
in the selection of ARTs with high genetic bar-
riers to resistance for patients at risk of devel-
oping HIV-1 drug resistance because of low
adherence.
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