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Abstract

Background.—Human immunodeficiency virus (HIV) viral suppression (VS) decreases 

morbidity, mortality, and transmission risk.
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Methods.—The Patient-centered HIV Care Model integrated community-based pharmacists with 

HIV medical providers and required them to share patient clinical information, identify therapy-

related problems, and develop therapy-related action plans.

Proportions adherent to antiretroviral therapy (proportion of days covered [PDC] ≥90%) and 

virally suppressed (HIV RNA <200 copies/mL), before and after model implementation, were 

compared. Factors associated with postimplementation VS were determined using multivariable 

logistic regression; participant demographics, baseline viral load, and PDC were explanatory 

variables. PDC was modified to account for time to last viral load in the year postimplementation, 

and stratified as <50%, 50% to <80%, 80% to <90%, and ≥90%.

Results.—The 765 enrolled participants were 43% non-Hispanic black, 73% male, with a 

median age of 48 years; 421 and 649 were included in the adherence and VS analyses, 

respectively. Overall, proportions adherent to therapy remained unchanged. However, VS 

improved a relative 15% (75% to 86%, P < .001). Higher PDC (adjusted odds ratio [AOR], 1.74 

per 1-level increase in PDC category [95% confidence interval {CI}, 1.30–2.34]) and baseline VS 

(AOR, 7.69 [95% CI, 3.96–15.7]) were associated with postimplementation VS. Although non-

Hispanic black persons (AOR, 0.29 [95% CI, .12–.62]) had lower odds of suppression, VS 

improved a relative 23% (63% to 78%, P < .001).

Conclusions.—Integrated care models between community-based pharmacists and primary 

medical providers may identify and address HIV therapy–related problems and improve VS 

among persons with HIV.
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Achieving human immunodeficiency virus (HIV) viral suppression is a central means for 

improving the well-being of those living with HIV, including reducing morbidity and 

mortality, increasing quality of life, and decreasing the likelihood of transmission to 

uninfected partners [1–8]. Despite the benefits of viral suppression, it is estimated that only 

58% of persons with diagnosed HIV are suppressed [9]. Even fewer are likely to be durably 

suppressed [10, 11]. Compounding low viral suppression rates are age and racial disparities, 

with younger and black persons having lower rates of viral suppression, which in turn 

propagates disparities in morbidity and HIV incidence [12, 13].

Most persons with HIV, who are in care, are prescribed antiretroviral therapy (ART). 

However, to become and remain suppressed, a person must be on an effective antiretroviral 

(ARV) regimen and adherent to therapy. Given the complexities in selecting appropriate 

regimens and the continued monitoring necessary to identify drug resistance, adverse events, 

drug interactions, contraindicated therapy, and poor adherence, the US Department of Health 

and Human Services (DHHS) recommends providers work collaboratively with a 

multidisciplinary team to support patients’ complex needs, including their medication 

adherence–related needs [14].
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Pharmacists are trained to help patients manage and adhere to complex medication regimens 

and can assist clinical providers with selection or modification of appropriate ARV 

regimens. With HIV specialty training, community pharmacists also have in-depth 

knowledge of: interactions between ARV medications and medications used to treat 

comorbid conditions, medication adverse events that can affect adherence to and 

effectiveness of treatment, and patient education and adherence counseling. Pharmacists can, 

therefore, be a key part of the multidisciplinary HIV care team.

In August of 2014, the Centers for Disease Control and Prevention, Walgreen Company, and 

the University of North Texas Health Science Center System College of Pharmacy 

implemented the Patient-centered HIV Care Model (PCHCM). The goal of the model was to 

integrate community-based HIV-trained pharmacists with primary medical providers to 

provide patient-centered care for people with HIV. There were 3 primary objectives of the 

model: (1) improve retention in HIV care; (2) improve adherence to ART; and (3) improve 

HIV viral suppression. These analyses evaluate adherence to ART and viral suppression 

among the PCHCM participants.

METHODS

The Patient-centered HIV Care Model

The PCHCM was a demonstration project conducted from August 2014 to September 2016. 

The model is described in detail elsewhere [15]. In summary, the model is built upon the 

existing medication therapy management (MTM) model. MTM encompasses a range of 

pharmacist-provided patient-care services such as review of medication regimens for 

interactions and response to therapy; patient education to improve understanding and 

appropriate use of medications; monitoring of prescription filling patterns to determine 

adherence to therapy; and adherence counseling [16]. To build upon MTM, the model 

required project clinics to share patients’ clinical information (eg, medical histories, 

laboratory test results) with their partnered pharmacists to enable the pharmacists to more 

precisely conduct MTM. After a review of patient clinical information, pharmacists 

conducted an initial comprehensive medication review (CMR) and subsequent quarterly 

medication reviews, to assess patients’ medication regimens for indication, effectiveness, 

safety, and adherence [16]. Fundamental to the model was the requirement for collaborative 

medication-related action planning between pharmacists, medical providers, and patients to 

address problems identified during pharmacist review of patients’ information or 

prescription filling patterns, or during pharmacist–participant interactions. No formalized 

practice agreements were established between pharmacists and prescribers.

The project provided model services to 765 persons with HIV at 10 project sites in: Albany, 

Georgia; Chicago, Illinois; Fort Lauderdale, Florida; Kansas City, Missouri; Miami, Florida; 

New York, New York; Palm Springs, California; Philadelphia, Pennsylvania; St Louis, 

Missouri; and Washington, District of Columbia. Each project site consisted of 1–2 

community-based HIV-specialized retail pharmacies partnered with a medical clinic, and 

each site enrolled a convenience sample of 26 to 107 participants. Each participant received 

at least 12 months of services. All project pharmacists and pharmacy technicians had 

previous training on HIV treatment and prevention, stigma, and cultural competency. The 
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HIV treatment and prevention training was developed by Walgreens, the National Alliance 

of HIV Education and Workforce Development, and the American Academy of HIV 

Medicine. The HIV treatment training included ARV pharmacology, identification and 

management of drug resistance, medication contraindications, drug–drug interactions, and 

adverse effects. The HIV stigma and cultural competency trainings were developed by 

Walgreens and accredited for continuing education by the Accreditation Council for 

Pharmacy Education (ACPE). The Office of Research Compliance, on behalf of the 

Institutional Review Board of the University of North Texas Health Science Center, 

determined the project met criteria for exempt status.

Measurement of Outcomes and Case Definitions

Adherence to ART—The proportion of persons adherent to ART was calculated using the 

proportion of days covered (PDC) measure. The PDC is a claims-based metric that 

determines the proportion of days for which a person has medication available. The ART 

PDC is calculated by dividing the number of days a person has adequate ART coverage 

during the measurement period by the length of the measurement period; adjustments are 

made for fill days’ supply and for days with overlapping medication supply [17]. Adequate 

ART coverage was defined as 3 ARV medications (excluding boosters), as outlined by 

treatment guidelines, or one of the following nonstandard regimens: lamivudine used in 

combination with 2 other ARV drugs or the combined use of darunavir/dolutegravir/ritonavir 

[14, 18]. Persons who were on ART but not on an adequate regimen were included in the 

denominator. Data were abstracted from project pharmacy fulfillment records.

Adherence to ART was calculated before and after model implementation and defined as a 

PDC ≥90%. The preimplementation measurement period began 12 months prior to the first 

CMR; postimplementation began the day after the first CMR, and extended forward 12 

months. Participants were grouped into 1 of 4 PDC categories (<50%, 50% to <80%, 80% to 

<90%, and ≥90%) and the mean PDC was calculated for each group, before and after model 

implementation.

HIV Viral Suppression

The proportion of persons virally suppressed was calculated, before and after model 

implementation. Viral suppression was defined as HIV RNA <200 copies/mL at the last test 

in the 12-month measurement period [19]. The cutoff value of <200 copies/mL was based on 

the DHHS recommended definition of virologic failure [14]. Sustained viral suppression was 

defined as HIV RNA <200 copies/mL at the last 2 test results in the 12-month measurement 

period. In the pre- and postimplementation periods, the last viral load test was the viral load 

result closest to and furthest from the first CMR date, respectively. Measurement periods 

were the same as those used for the adherence analysis. Data were abstracted from clinic 

records.

In addition, the proportion of persons with viral loads ≥1500 copies/mL (the level above 

which the risk of transmission significantly increases) was determined, pre- to 

postimplementation.
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Inclusion Criteria and Censoring

Persons were included in the adherence analysis if they had an initial CMR between August 

2014 and August 2015, an ARV prescription at one of the project pharmacies, and at least 

180 days of ARV fill records in both pre- and postimplementation measurement periods. 

Persons censored prior to 180 days postimplementation were excluded from the adherence 

analysis. Persons were included in the viral suppression analysis if they had ≥1 viral load 

result in each measurement period; the sustained viral suppression analysis required ≥2 viral 

load results. A description of how persons were censored from the analysis is described in 

the Supplementary Materials.

Model Interventions

For the purpose of the analysis, model interventions were categorized as (1) adherence 

support: individualized patient adherence counseling only, without development of a 

pharmacist-patient or pharmacist-clinic action plan; (2) pharmacist-patient action plan: 

development of a medication-related or other action plan in collaboration with the patient for 

the patient’s use (eg, instructions to take medication with food to prevent nausea) and no 

development of a pharmacist-clinic action plan; (3) pharmacist-clinic action plan: 

development of a medication-related or other action plan in collaboration with the clinic (eg, 

change medication regimen). Interventions were not mutually exclusive; a person could have 

>1 category of intervention during the measurement period. Model interventions were 

counted from the date of the initial CMR and were abstracted from project pharmacy 

records.

Statistical Analysis

The relative percentage change of the proportion of persons adherent and virally suppressed 

was calculated, before and after model implementation. Each pre- and postimplementation 

PDC was dichotomized (eg, PDC of ≥90% vs <90%) and McNemar test was used to 

compare the proportions of persons in each PDC category with those not within that 

category. In addition, the following statistical tests were used to compare the remaining 

groups, pre- to postimplementation: the difference in the mean PDC of persons within each 

baseline PDC category was tested using a paired t test; and the proportion of persons virally 

suppressed and the proportion with sustained viral suppression was tested using McNemar 

test.

Bivariate and multivariable logistic regression analyses were conducted to determine factors 

associated with viral suppression in the postimplementation period. Both the bivariate and 

multivariable models were adjusted for baseline viral suppression. For the bivariate analysis, 

odds ratios with 95% confidence intervals (CIs) were calculated for each demographic factor 

(age, sex, race/ethnicity, and insurance status), model intervention category, and number of 

pharmacist encounters (dichotomized as ≥3 and <3 encounters). Because the model 

interventions were not mutually exclusive, 5 separate multivariable analyses were 

conducted. The first model used each demographic factor and the PDC category as 

explanatory variables. The PDC was modified to account for the time to the last viral load 

result in the measurement period; the modified PDC was measured from the initial CMR 

date to the date of the last viral load result in the 12 months following the CMR. A separate 
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model was conducted for number of pharmacist encounters and for each of the 3 categories 

of model interventions: adherence support, pharmacist–patient action plan, and pharmacist–

clinic action plan. Each separate model contained demographic factors and modified PDC 

category. Backwards selection was used for the multivariable models. All data were 

analyzed using SAS Enterprise Guide 7.1 or SAS version 9.4 software.

RESULTS

Of the 765 persons enrolled in the project, the largest proportions were non-Hispanic black 

(43%), male (73%), and Medicaid-insured (34%). The median age was 48 years 

(interquartile range, 38–55 years). A total of 421, 649, and 407 met inclusion criteria for the 

adherence, viral suppression, and sustained viral suppression analyses, respectively (Figure 

1). Demographics for enrolled participants and the analytic cohorts are shown in Table 1.

Adherence to ART

Overall, there was no significant difference in the proportions of persons adherent to ART, 

pre- to postimplementation (Table 2). However, some persons moved between PDC 

categories (Table 2 and Supplementary Figure 1). In addition, the mean PDC for persons 

whose baseline PDC was ≥90% decreased 5% from 98% to 93% (P < .001), whereas the 

mean PDC of persons with a baseline PDC of <50% increased 121% from 28% to 62% (P 
< .001), postimplementation. There was no significant change in the mean PDC for persons 

whose baseline PDC was 50% to <80% or 80% to <90%.

Viral Suppression

Overall, viral suppression improved 15%, from 75% preimplementation to 86% (P < .001) 

postimplementation. Viral suppression improved within most demographic groups with 

notable improvements among persons aged 25–34years (26% increase; from 60% to 75%; P 
= .009), non-Hispanic black persons (23% increase; from 63% to 78%; P < .001), privately 

insured persons (31% increase;72% to 94%; P < .001) and persons whose care was covered 

by the Ryan White program (23% increase; 65% to 80%; P < .001) (Table 3). Overall, 

sustained viral suppression improved 22%, from 65% to 80% (P < .001; Table 3). Notably, 

the proportion of persons with viral loads >1500 copies/mL decreased 46% from 19% to 

10% (data not shown).

After adjusting for baseline viral suppression, bivariate analysis showed that persons aged 

≥50 years (adjusted odds ratio [AOR], 1.91 [95% CI, 1.12–3.32]), men (AOR, 2.02 [95% CI, 

1.20–3.40]), and privately insured persons (AOR, 3.73 [95% CI, 1.62–10.2]) had greater 

odds of being virally suppressed postimplementation than persons aged <50 years, women, 

and persons without private insurance, respectively. Persons with a higher modified PDC 

had greater odds (AOR, 1.89 per 1-level increase in PDC category [95% CI, 1.46–2.45]), 

and non-Hispanic black persons had lesser odds of being virally suppressed 

postimplementation (AOR, 0.26 [95% CI, .13–.49]). There was no significant difference in 

postimplementation viral suppression by any category of model intervention or number of 

pharmacist encounters (Table 4).
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In the multivariable model that included only demographic factors, baseline viral 

suppression, and modified PDC, persons with a higher modified PDC (AOR, 1.74 per 1-

level increase in PDC category [95% CI, 1.30–2.34]) and persons who were virally 

suppressed at baseline (AOR, 7.69 [95% CI, 3.96–15.7]) had greater odds of being 

suppressed, and non-Hispanic black persons (AOR, 0.29 [95% CI, .12–.62]) had lower odds 

of being virally suppressed, postimplementation. In none of the separate models that 

contained category of model intervention or number of pharmacist encounters were these 

variables significantly associated with postimplementation viral suppression (Table 4).

DISCUSSION

The Patient-centered HIV Care Model, implemented at 10 sites, improved viral suppression 

among participants by a relative 15%. Notably, the improvement was found across most 

demographic groups and among both persons with private and publicly funded insurance. In 

addition, the proportion of persons with a viral load >1500 copies/mL decreased 46%, from 

19% to 10%. This model, which operated by sharing patient clinical information between 

partnered community-based HIV-trained pharmacists and medical providers, addressed 

medication and other therapy-related problems for persons with HIV. While there was no 

overall improvement in adherence to ART, there was a strong association between adherence 

to ART and viral suppression, postimplementation.

A potential explanation for the seemingly disparate results–improvement in viral 

suppression without finding an improvement in adherence–is that viral suppression is 

affected not only by adherence to therapy, but by the appropriateness and effectiveness of 

patients’ ARV regimens. An integral part of the PCHCM was pharmacists’ review of 

patients’ clinical information, such as HIV viral loads, to evaluate effectiveness of therapy. 

Also pivotal to the conduct of the model was pharmacists’ review of patients’ medication 

regimens to identify obstacles to effective treatment, such as ARV drug resistance, non-ARV 

and ARV drug interactions, drug toxicity, and contraindicated therapy. Pharmacists then 

worked with clinic providers to modify or change regimens to optimize treatment 

effectiveness, which might have contributed to improved viral suppression. In addition, a 

previous analysis of model outcomes showed that retention in care improved 13% among 

project participants; improved retention may have also contributed to improved viral 

suppression [15].

While there was no significant change in the overall proportion of persons adherent to 

therapy, the mean PDC for persons whose baseline PDC was ≥90% decreased from 98% to 

93%. The mean postimplementation PDC of 93%, however, is still considered adherent. 

Conversely, the mean PDC of persons with a baseline PDC of <50% increased 121% from 

28% to 62%, postimplementation. Some of this improvement may be explained by 

regression to the mean, but given the magnitude of the change, it is unlikely to account for 

all of the difference. While a postimplementation average PDC of 62% is not considered 

adherent, the improvement could imply that the model can help improve adherence in very 

poorly adherent persons.
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Viral suppression improved in most race and ethnicity groups. While non-Hispanic black 

persons were less likely to be suppressed than the other race and ethnicity groups, the 

proportion suppressed improved 23%. In addition, 70% of non-Hispanic black participants 

had sustained postimplementation viral suppression, which was higher than the 53% seen 

among this population in a surveillance-based study [20]. These improvements are notable 

because black persons make up the largest proportion of persons with HIV (42% of all 

infections), and studies have shown persistent racial disparities in viral suppression; from 

2011 to 2015, 40%–54% of black persons compared with 53%–67% of white persons were 

virally suppressed [12, 13, 21–24]. In addition, black persons are more likely to spend 

longer times with HIV viral loads >1500 copies/mL [25]. Part of this disparity has 

previously been explained by poor provider cultural competency; studies have shown that 

providers with low cultural competence have patients with lower self-efficacy to manage 

medications and lower rates of viral suppression [26]. Each PCHCM pharmacist had 

received previous ACPE-accredited training on cultural competency and HIV stigma. This 

training may have been particularly helpful in reaching black participants.

Viral suppression improved among all age groups with large improvements among younger 

adults. This improvement is noteworthy because younger adults have low viral suppression 

rates; in 2015, an estimated 51%–54% of persons aged 13–34 years were virally suppressed 

compared with 63% of persons aged ≥55 years [12]. Low suppression rates, when combined 

with high-risk behaviors (which are prevalent among younger adults), contribute to age 

disparities in HIV incidence [13, 27, 28]. In 2015, approximately 60% of all new diagnoses 

were among persons aged 13–34 years [13]. Because the greatest HIV burden falls upon 

black and younger persons, achieving and maintaining viral suppression in these populations 

is critical to controlling HIV in the United States. The improvement in viral suppression 

among black and younger adults, seen in this study, is therefore encouraging.

Persons who were suppressed at baseline had 7 times the odds of being suppressed 

postimplementation. This finding is not surprising as studies have shown that people who are 

suppressed often will remain suppressed [10, 29]. No association was seen between category 

of model intervention and viral suppression. This might be reflective of how the model 

interventions were categorized, or indicative that the model as a whole is necessary to 

improve viral suppression.

The project analyses have limitations. First, the PDC measure is a proxy for adherence; it 

measures the amount of time a person has medication in hand, not whether a person is 

actually taking their medication; adherence was, therefore, likely overestimated. Second, the 

PDC was calculated for persons with between 180 and 365 days of fulfillment data such that 

comparisons were made for different measurement period lengths. However, there were no 

significant differences in PDC calculations when comparing persons with at least 180 days 

to those with 180–365 days of fulfillment data. Persons with no viral loads in either the pre- 

or postimplementation periods were excluded from the viral suppression analysis. It is 

possible that persons with no viral load test results were not suppressed and by excluding 

these persons the proportion of persons virally suppressed was overestimated. Project 

pharmacists were not reimbursed for model services, which may be required to scale this 

model. The measurement period for the analysis was 12 months; because time has an impact 
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on both medication adherence and viral suppression, a longitudinal evaluation is needed to 

determine the durability of the model’s effect. While the analysis of model outcomes 

showed those willing and able to participate in the model benefited, further studies on 

participation barriers and of excluded populations may be warranted. Last, the PCHCM was 

a demonstration project, not a research study; therefore, there were no control groups.

The Patient-centered HIV Care Model integrated community-based HIV specialized 

pharmacists with primary medical providers to provide patient-centered care for persons 

with HIV. This model, which seeks to identify and address HIV therapy–related problems, 

can lead to improved viral suppression among persons with HIV. Despite not finding an 

overall improvement in adherence to ART, viral suppression improved 15%, which is likely 

reflective of pharmacist and medical provider efforts to optimize ARV treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of inclusion in adherence and viral suppression analyses, Patient-centered 

Human Immunodeficiency Virus (HIV) Care Model, 2014–2016, United States. 

Abbreviations: ARV, antiretroviral; CMR, comprehensive medication review; HIV, human 

immunodeficiency virus. aAll persons who completed an initial comprehensive medication 

review and who filled prescriptions at the project pharmacy were considered enrolled in the 

project. bPersons were censored in the postimplementation period before a viral load test 

was drawn and were excluded from the viral suppression analysis. Persons were censored 

for the following reasons: 1 voluntarily withdrew, 1 was incarcerated, 1 moved out of area, 

and 8 transferred prescriptions to a nonproject (or nonproject network) pharmacy. cPersons 

were censored in the postimplementation period and excluded from the adherence analysis. 

Persons were censored for the following reasons: 5 died, 2 moved out of area, 2 transferred 

care, 1 was incarcerated, 2 voluntarily withdrew, and 9 transferred prescriptions to a 

nonproject (or nonproject network) pharmacy. Two project sites did not collect censoring 

data. For individuals from these 2 sites, persons were censored 1 day after the date of the last 
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clinic visit if a person had no clinic visit or HIV laboratory test drawn for >6 months but 

continued to fill prescriptions in the last 6 months of the project implementation period; 5 

persons were censored for this reason. dPersons were censored in the postimplementation 

period before 2 viral load tests were drawn and were excluded from the sustained viral 

suppression analysis. Persons were censored for the following reasons: 1 died, 1 transferred 

care, 1 moved out of area, 1 was incarcerated, 2 transferred prescriptions to a nonproject (or 

nonproject network) pharmacy, and 9 were no longer able to fill prescriptions at project 

pharmacy due to insurance reasons. Two project sites did not collect censoring data. For 

individuals from these 2 sites, persons were censored 1 day after the date of the last clinic 

visit if a person had no clinic visit or HIV laboratory test drawn for >6 months but continued 

to fill prescriptions in the last 6 months of the project implementation period; 1 person was 

censored for this reason.
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Table 2.

Proportions of Persons in Each Proportion of Days Covered Category, Before and After Model 

Implementation, Patient-centered Human Immunodeficiency Virus Care Model—United States, 2014–2016

PDC Category
a Baseline, No. (%) Follow-up, No. (%) % Change

b
PValue

c

<50% 30 (7) 34 (8) 13 .555

50% to <80% 63 (15) 66 (16) 5 .742

80% to <90% 73 (17) 48 (11) −34 .010

≥90% 255 (61) 273 (65) 7 .086

Abbreviation: PDC, proportion of days covered.

a
Among people who had at least 180 days of fill data in both the pre- and postimplementation periods before the first comprehensive medication 

review date.

b
Relative percentage change.

c
Each pre- and postimplementation PDC category was dichotomized (eg, PDC of ≥90% and <90%) and McNemar test was used to compare the 

proportions of persons in each PDC category with those not within that category.
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