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Abstract

Background.—Excellent adherence to HIV antiretroviral therapy (ART) remains a cornerstone 

of HIV care. A three-item adherence self-report scale was recently developed and validated, but 

the scale has not been previously tested in a nationally representative sample.

Design.—We administered the adherence scale to participants in the CDC’s Medical Monitoring 

Project (MMP), which is a probability sample of U.S. adults with diagnosed HIV.

Methods.—We combined sociodemographic and clinical participant data from three consecutive 

cycles of the Medical Monitoring Project (6/2015–5/2018). We used medical record reviews to 

determine most recent viral load, and whether viral loads were suppressed at all measurement 

points in the past 12 months. We describe the relationship between adherence scale score and two 

measures of viral load suppression (most recent and sustained), and estimate linear regression 

models using sampling weights to determine independent predictors of ART adherence scores.

Results.—Of those using ART, the median adherence score was 93 (100=perfect adherence), and 

the standardized Cronbach’s alpha was 0.83. For both measures of viral load suppression, the 

relationship with the adherence score was generally linear; there was no “cutoff’ point indicating 

good vs. poor adherence. In the multivariable model, younger age, non-white race, poverty, 
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homelessness, depression, binge-drinking, and both non-injection and injection drug use were 

independently associated with lower adherence.

Conclusions.—The adherence measure had good psychometric qualities and a linear 

relationship with viral load, supporting its use in both clinical care and research. Adherence 

interventions should focus on persons with the highest risk of poor adherence.

Keywords

Medication Adherence; Treatment Adherence and Compliance; Patient Compliance; HIV; 
Antiretroviral Therapy; Highly Active; Behavior Rating Scale

INTRODUCTION

The efficacy and tolerability of oral antiretroviral therapies (ART) has improved 

dramatically over the last 20 years [1, 2]. The recent approval of long acting injectable ART 

[3], and the possibility that depot delivery systems will be approved in the next few years 

offer hope that there will soon be an array of options available for those for whom daily oral 

therapy has proved too difficult. But oral ART will likely continue to be the mainstay of HIV 

treatment for most patients throughout the world for the foreseeable future, and with it the 

need to measure and monitor oral ART adherence. Adherence to ART can be measured 

many ways, including through pharmacy claims databases, self-report, electronic monitoring 

of pill container openings, pill counts, monitoring of drug levels in serum or hair, and a 

variety of other techniques [4, 5]. Clinicians and adherence researchers need to be flexible in 

how they measure adherence because the complexity, cost and intrusiveness of these 

methods differ dramatically. Recent guidelines have emphasized the importance of valid 

adherence measurement [6].

Wilson et al recently developed and validated a three-item adherence scale that can be used 

for any oral medication, including ART [7–9]. The scale has been translated into a number 

of different languages and has been successfully used in a number of health care settings. 

For example, in South Africa it was translated into Xhosa, and successfully used to examine 

adherence to ART in pregnant and post-partum women [10, 11]. In that context, scale scores 

were associated with viral load measures cross-sectionally, and predicted nonadherence 

using a longitudinal study design.

In this paper we report on the use of the three-item scale in a national probability sample of 

US adults with HIV who were part of the Centers for Disease Control and Prevention’s 

(CDC’s) Medical Monitoring Project (MMP) during 3 annual cycles spanning 6/2015–

5/2018. We had three main study questions. First, what were the psychometric properties of 

the scale in a diverse, national sample of adults with HIV using ART? Second, what was the 

relationship between scale scores and patient viral load measurements? Third, how did 

adherence vary in different sociodemographic and clinical subsets of persons with HIV?
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METHODS

Participants and data collection

MMP is a national surveillance system that collects interview and medical record data from 

a probability sample of US adults with diagnosed HIV [12]. MMP methods are described in 

full elsewhere [13], but MMP used a 2 stage sampling design. During the first stage, 23 

jurisdictions were sampled from all U.S. states, the District of Columbia, and Puerto Rico. 

Second, simple random samples of persons with diagnosed HIV aged 18 years and older 

who were alive at the end of the year prior to the start of data collection were drawn for each 

participating state/territory from the National HIV Surveillance System (NHSS), a census of 

persons with diagnosed HIV in the United States. For this analysis, we combined data from 

3 annual data collection cycles; data were collected via phone or face-to-face interviews and 

medical records were abstracted during June 2015 through May 2018. Response rates were 

100% at the state/territory level and ranged from 40–46% at the person level across cycle 

years. Data were weighted based on known probabilities of selection and were adjusted for 

non-response. Then, data were post-stratified to known population totals from NHSS by sex, 

race/ethnicity, and age.

In accordance with the federal human subjects protection regulations [14] and guidelines for 

defining public health research [15], MMP has been determined to be a non-research, public 

health surveillance activity used for disease control program or policy purposes. 

Participating states or territories and facilities obtain local institutional review board 

approval to conduct MMP if required locally. Informed consent is obtained from all 

interviewed participants.

Sample

For this analysis, we included patients who were currently taking ART and who responded 

to all three adherence items. Of the full sample, 93.7% (11162/11914) responded to all three 

adherence items. Of these, 10.1% (1124/11162) responded to the Spanish language version 

of the survey.

Variables

Adherence measurement—Adherence was measured using a 3-item adherence scale 

previously developed and validated by Wilson et al [7–9]. The scale was only administered 

to persons who reported currently taking ART. The first item asked, “In the past 30 days, on 

how many days did you miss at least one dose of any of your HIV medicines.” The response 

option was a number between 0 and 30. The second item asked, “In the past 30 days, how 

good a job did you do at taking your HIV medicines in the way you were supposed to?” 

Likert-type response options were very poor, poor, fair, good, very good, and excellent. The 

third item asked, “During the past 30 days, how often did you take your HIV medicines in 

the way you were supposed to?” Response options were never, rarely, sometimes, usually, 

almost always, and always.” Item responses for the three adherence items were linearly 

transformed to a 0–100 scale with zero being the worst adherence, and 100 the best. 

Summary scales were calculated as the mean of the three individual items (see Appendix 1 
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for details, http://links.lww.com/QAD/B844). Based on the distribution of the summary 

adherence score, the 0–100 adherence score was analyzed as a continuous variable.

HIV viral loads—Viral load measures were determined by medical record review, as 

described elsewhere [16]. We used two viral load measurements: whether the viral load was 

suppressed (documented as < 200 copies/mm3 or undetectable) at the most recent viral load 

test (“recent viral suppression”), and whether the viral load was suppressed at all tests over 

the past 12 months (“sustained viral suppression”). The mean (median) time difference 

between the time of the most recent viral load and the time of adherence assessment was 101 

(79) days, and 22.5% (weighted, unweighted n=2261) were within 30 days of the self-report. 

There was no association (p=0.59) between recent viral load suppression and whether the 

viral load was done in 30 days prior to the self-report. The mean (median) number of viral 

load tests that were used to determine sustained viral suppression was 2.4 (1.8) with a range 

of 1–11 tests.

Covariates—Age was analyzed by decade (18–29, 30–39, 40–49, and ≥50 years). Current 

gender was classified as male, female, and transgender. Sexual orientation was self-reported, 

and classified as homosexual/gay, heterosexual/straight, bisexual, and other. Race/ethnicity 

was classified as White (non-Hispanic), Black (non-Hispanic), Hispanic or Latino, or other/

multiracial. Health insurance status was classified as (1) any private insurance, (2) public 

insurance only, or (3) Ryan White HIV/AIDS Program (RWHAP) or uninsured. Those with 

RWHAP were grouped with uninsured individuals because the RWHAP provides some 

primary care services and covers HIV antiretroviral medications, but is not a substitute for 

health insurance. Household income was classified as above or below the federal poverty 

level. Poverty guidelines were determined using the U.S. Department of Health and Human 

Services poverty guidelines corresponding to the calendar year about which the combined 

household income was asked. Education was classified as less than high school, high school 

or equivalent, or more than high school. Housing status was a dichotomous variable 

assessing homelessness (i.e., living on the street, in a shelter, in a single room occupancy 

hotel, or in a car) at any time during the last 12 months. HIV transmission category was 

measured using information from the NHSS [17]. HIV transmission categories included men 

who have sex with men (MSM), injection drug use (IDU), both MSM and IDU, heterosexual 

contact, and other (including no indicated risk and no reported risk). Depression during the 

past two weeks was based on the patient health questionnaire depression scale (PHQ-8) [18]. 

Participants were classified as having “depression” if they had experienced 5 or more 

symptoms at least “more than half the days” in the preceding two weeks. Binge drinking in 

the 30 days before being interviewed was defined as having ≥5 alcoholic drinks for men and 

4≥ alcoholic drinks for women in one sitting on at least one day. Drug use was classified as 

noninjection (yes/no) and injection (yes/no) drug use. The antiretroviral regimens used by 

these patients are reported elsewhere [19].

Analyses

Descriptive characteristics are presented both as raw numbers and weighted percentages, 

with the weighting done as described above. To illustrate the relationship between the 3-item 

scale and each of the two measures of viral suppression, we showed rates of viral 
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suppression for each 5-point increment of the scale, and calculated the R2 for the 

relationship from a simple linear regression equation. To further demonstrate the value of the 

3-item scale, we also used the R2 to compare the 3-item scale with three possible 2-item 

scales (items 1&2, 1&3, and 2&3).

For our multivariable model of adherence, we estimated a linear regression model with 

adherence as the dependent variable. Variables that were statistically significant (p-value for 

inclusion, <0.1) in bivariate tests were included in the model. Backward elimination was 

used to determine the final model, with all variables in the final model having a p-value of 

<0.05. All analyses were conducted using SAS (Version 9.4; SAS Institute Inc., NC, USA).

RESULTS

Characteristics of US adults with HIV who were taking ART

Characteristics of US adults with HIV who were taking ART are shown in Table 1. 

Approximately half were 50 years or older, 74.7% were male, 41.1% were Black, and 22.4% 

were Hispanic. A tenth were uninsured, 54.3% had public insurance, 43.4% had a household 

income below the Federal Poverty Level, 17.9% had less than a high school education, and 

8.7% had been homeless at some time in the last year. Depression was reported by 21.6%, 

binge drinking by 15.6%, noninjection drug use by 29.8%, and injection drug use by 2.6%.

Distribution and psychometric characteristics of the three-item adherence scale

Descriptive characteristics of the three items and the scale are shown in Table 2. The median 

of the final scale was 93, and the mean was 90.2 (sd 14.4). The 25th and 75th percentiles 

were 84 and 100. A histogram of the scores for the three-item scale is shown in the 

Appendix 2, http://links.lww.com/QAD/B845. Forty-four percent were at the ceiling (score 

of 100), 49.8% had adherence of 95 or higher, 66.3% had adherence of 90 or higher, and 

75.9% had adherence of 85 or higher. The correlations between items 1 and 2, and 1 and 3 

were both 0.60, and the correlation between items 2 and 3 was 0.69. The raw Cronbach’s 

alpha was 0.81, and the standardized alpha was 0.83. The weighted percent scoring at the 

ceiling (100) was 43.6% using all 3 items. For each two-item combination, it was 44.9% for 

items 1 and 2, 53.7% for items 1 and 3, 50.1 for items 2 and 3. For items 1, 2, and 3 

individually, the percents were 59.6, 59.5, and 53.5, respectively.

Rates of viral load suppression

The distributions of rates of viral load suppression - both most recent and sustained – are 

shown in Figure 1. The mean (median) rate of suppression for the last viral load was 76.2% 

(78.7%) (25th and 75th percentile, 73.9% and 79.8%, results not presented in Figure 1). The 

mean (median) rate of sustained viral load suppression was 68.5% (71.1%) (25th and 75th 

percentile, 63.2% and 72.8%).

Bivariate relationship between viral load measures and adherence

Figure 2 shows a plot of the adherence score by recent and sustained viral suppression, 

which indicates that the relationship between the score and both outcomes is generally 

linear. The Pearson correlation coefficients for the relationship between the adherence score 
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and most recent and sustained viral suppression were 0.81 and 0.88, respectively. The R2s 

for the 3-item scale and recent and sustained viral suppression were 0.874 and 0.945, 

respectively. The R2s for recent viral suppression and 2-item scales composed of items 1&2, 

1&3, and 2&3 were all lower, at 0.853, 0.732, and 0.735, respectively; for sustained viral 

load suppression the R2s were also all lower, at 0.929, 0.745, and 0.828, respectively.

Bivariate and multivariable correlates of adherence

Bivariate and multivariable relationships are shown in Table 3. Comparisons of mean 

adherence scores indicated that all examined covariates had a significant association with 

adherence except for type of healthcare coverage. In the final model, factors associated with 

nonadherence included younger age (age 18–29 had 3.29 points lower adherence compared 

with ≥50 years, p<0.0001), non-white race/ethnicity (Blacks and Hispanics had 3.9 and 2.7 

points lower adherence than Whites, both p<0.0001), poverty (poverty associated with 0.99 

points lower adherence, p=0.0034), homelessness (4.12 points lower, p<0.0001), depression 

(3.65 points lower, p<0.0001), binge drinking (2.7 points lower, p<0.0001), and injection 

(3.69 points lower, p<0.0001) and noninjection drug use (5.93 points lower, p<0.0001).

DISCUSSION

There are three main findings from this analysis. First, the three-item self-report adherence 

scale in this national probability sample of persons with HIV showed good internal 

consistency reliability, with a standardized Cronbach’s alpha of 0.83. Second, the adherence 

scale showed a strong relationship to both most recent and sustained viral load suppression 

(Pearson correlation coefficients of 0.81 and 0.88), and the relationship appears to be linear, 

which does not support the establishment of any cut point between acceptable and poor 

adherence. Third, in multivariable models, younger age, non-white race/ethnicity, poverty, 

homelessness, depression, binge drinking, and both non-injection and injection drug use 

were independently associated with non-adherence.

In a web-based pilot test, the Cronbach’s alpha of the three-item scale was 0.89 [9]. In the 

sample used for the original validity testing of the scale, which was taken from a single HIV 

care site, the Cronbach’s alpha was 0.84. In this diverse, nationally representative sample the 

Cronbach’s alpha was 0.81. Cronbach’s alphas ≥ 0.8 are generally considered “good” [20]. 

The distributional characteristics of a scale depend on the true, underlying adherence of the 

population sampled. In this sample, 44% reported perfect adherence, the median was 93, and 

the 25th percentile was 84. These findings suggest that adherence to ART in the US is far 

from optimal. However, the true test of how much adherence is “enough” depends on the 

relationship of the measure in question to relevant clinical, or in this case virological, 

outcomes.

There is debate about whether it is appropriate to dichotomize measures of adherence for 

purposes of analysis [21–24]. Ultimately, this question is empirical and can only be resolved 

through a careful examination of the relationship between the adherence measure in question 

and the clinical outcome that is the goal of therapy, implying that there is no “one size fits 

all” answer, because there are many different measurement approaches, and many different 

ways to assess clinical goals. Viral load is a powerful and widely agreed upon measure of 
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ART treatment effect that is universally used to guide therapeutic decision making (e.g., 

whether to continue or change ART regimens) because of its strong association with 

morbidity, mortality, and transmissibility [2, 25]. Our data show that there is a linear 

relationship between the adherence scale and both suppression at the most recent viral load 

measurement and sustained viral suppression. This relationship is strong evidence that—

using this adherence measurement approach—there is no cut point that identifies acceptable 

vs. unacceptable ART adherence.

While for some this result may be counterintuitive, there are a variety of reasons to believe 

that the idea of an adherence cut off is empirically unlikely. First, there is tremendous 

person-to-person variation in drug metabolism, which is further complicated by the fact that 

many PLWH have comorbid conditions that are often being treated by other medications that 

have pharmacokinetic interactions with ART [26]. Second, many PLWH have long and 

complex treatment histories, and often have some level of viral resistance [27]. Finally, it has 

long been recognized that even excellent adherence does not produce 100% rates of viral 

suppression; and, conversely, even poor adherence does not produce 100% rates of non-

suppressed viral loads (e.g, Paterson et al. [28] Figure 1).

For both clinicians and researchers measuring adherence using this 3-item scale, the 

message is that better adherence will produce a higher probability of viral load suppression. 

Or conversely, less than 100% adherence increases the risk of viral load non-suppression 

compared with persons with 100% adherence. Our data show that even in the groups that 

report perfect (score of 100) adherence, rates of viral suppression were between 74% (most 

recent VL, data not shown) and 80% (consistently suppressed). There are several reasons 

why those with adherence scores of 100 might not be fully suppressed. First, the adherence 

score may overestimate actual adherence (socially desirable response bias) [29]. Second, the 

adherence score only examines the last 30 days, and adherence prior to that may differ. 

Third, because viral loads were determined by medical record review, the time gap between 

the date of the interview and the date of the most recent viral load test varied from person to 

person, with an average of 101 days. Fourth, as noted above, some patients may have viral 

resistance, preventing viral suppression even in the presence of excellent adherence.

Regardless of why there might be discordance between adherence and viral load measures, 

in this national probability sample of treated persons, rates of viral load suppression were 

suboptimal. There is evidence that modern ART regimens are more forgiving to 

nonadherence that prior regimens [30], but challenges clearly remain. Continued efforts to 

improve ART adherence, which is consistently identified as a barrier to better virological 

outcomes [31], are indicated.

Our multivariable model suggests directions that these efforts should take. Age and race/

ethnicity are not “modifiable” risk factors for poor adherence, but the effects seen for both in 

our models are highly statistically significant. Studies have consistently shown that younger 

and non-White patients have worse adherence [32–34], and deserve special attention from 

care teams. It is likely that age and race in our model are surrogates or markers for more 

specific and potentially modifiable health behaviors (e.g., concerns about medication side 

effects) [35]. Clinicians and care teams should be alert to the existence of such factors. In a 
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similar vein, poverty and homelessness are very difficult to intervene on, and are often 

identified as risk factors for nonadherence [36]. Programs such as the Ryan White HIV/

AIDS Program that address critical social determinants of nonadherence are invaluable 

complements to high quality medical care. It has long been understood that depression, and 

other mental and behavioral health problems, are risk factors for nonadherence [37], and 

more aggressive efforts to identify and treat these medical problems in PLWH are needed. 

Finally, substance use is strongly associated with non-adherence in most studies [38, 39], as 

we found in this analysis, and the diagnosis and treatment of substance use problems 

remains a critical element of high-quality HIV care.

There are several study limitations. First, the three-item adherence scale could not be 

validated in this study by any other direct measure of adherence, such as electronic drug 

monitoring. Second, adherence self-reports and viral loads could not be assessed 

contemporaneously, which necessarily introduces some error into measures of their 

relationship. Third, these findings may not be generalizable to persons with HIV in other 

countries. Strengths of this study include the fact that it is a true probability sample of 

persons with diagnosed HIV in the United States, which includes samples from 2015, 2016, 

and 2017.

In conclusion, this study has both methodologic and clinical implications. These data 

support the assertion that adherence to ART in persons who are actively using ART (i.e., 

persisting with therapy) can be validly measured using the three-item adherence scale 

developed by Wilson and colleagues [7–11, 40–43]. In addition, the relationship between 

implementation and viral load suppression is linear, which implies that there is no 

empirically justifiable cutpoint between “enough” and “not enough” adherence as measured 

by the three-item scale. Despite more potent regimens with improved side effect profiles, 

adherence to ART is still a problem in the United States. Only 66.3% of patients had 

adherence of 90% or higher, and the median rate of suppression for the most recent viral 

load was 78.7% and the median rate of sustained suppression was 71.1%. A critical step in 

the federal strategy to end the HIV epidemic is rapid and effective treatment with ART such 

that viral suppression is achieved [44]. Clearly, additional progress needs to be made for this 

to happen. Adherence interventions should focus on persons with the greatest need, which in 

our analysis included younger age, non-white race, poverty, homelessness, depression, binge 

drinking, and both non-injection and injection drug use. The three-item scale used in this 

analysis is a simple tool that can be used in clinical and research settings to easily and 

accurately evaluate patient adherence to ART.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of viral load suppression, for most recent viral load and sustained viral load 

suppression (last 12 months). This plot uses values from weighted sample.
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Figure 2. Relationship between viral load suppression and adherence score among persons with 
diagnosed HIV who are taking antiretroviral therapy—United States, 2015–2017.
Notes: Estimates are weighted; recent viral suppression defined as most recent HIV viral 

load documented undetectable or <200 copies/mL; sustained viral suppression defined as all 

viral load measurements in the past 12 months documented undetectable or <200 copies/mL; 

adherence score based on 3-item scale with 0 indicating the worst adherence and 100 

indicating the best adherence.
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Table 1.

Descriptive characteristics of persons with diagnosed HIV who are taking antiretroviral therapy—United 

States, 2015–2017. (N=11914)

Characteristics n
a

Col % (95% CI)
b

Total 11914

Age (years)

 18–29 989 9.0 (8.2–9.8)

 30–39 1947 16.6 (15.7–17.4)

 40–49 2894 24.8 (23.8–25.8)

 >=50 6084 49.7 (48.2–51.1)

Current gender

 Male 8681 74.7 (73.2–76.3)

 Female 3049 23.8 (22.2–25.3)

 Transgender 169 1.5 (1.2–1.8)

Sexual orientation (selfreported)

 Homosexual/gay 4974 41.9 (39.7–44.2)

 Heterosexual/straight 5594 46.5 (44.2–48.8)

 Bisexual 987 8.4 (7.7–9.0)

 Others 359 3.2 (2.7–3.6)

Race and ethnicity

 White (non-Hispanic) 3537 29.6 (26.1–33.1)

 Black (non-Hispanic) 4983 41.1 (35.6–46.5)

 Hispanic or Latino 2594 22.4 (18.0–26.8)

 Other/Multiracial
c 800 6.9 (6.0–7.9)

Healthcare insurance

 No (including Ryan White only) 1025 10.2 (8.4–12.0)

 Yes 10795 89.8 (88.0–91.6)

Healthcare coverage type

 Any Private Insurance 4113 35.4 (33.6–37.2)

 Public Insurance Only 6623 54.3 (52.1–56.5)

 Ryan White Coverage Only/Uninsured 1025 10.3 (8.5–12.1)

Poverty level

 Above poverty level 6198 56.6 (54.1–59.2)

 At or below poverty level 4902 43.4 (40.8–45.9)

Education

 <High school 2136 17.9 (16.6–19.1)

 High school diploma or equivalent 3061 25.7 (24.6–26.9)

 >High school 6664 56.4 (54.6–58.2)

Homeless at any time (past 12 months)
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Characteristics n
a

Col % (95% CI)
b

 No 10811 91.3 (90.6–92.0)

 Yes 1061 8.7 (8.0–9.4)

Depression

 No depression 9297 78.4 (77.2–79.6)

 Any depression 2459 21.6 (20.4–22.8)

HIV Transmission Category

 MSM 5966 50.9 (48.8–53.0)

 IDU 1260 9.5 (8.6–10.5)

 MSM-IDU 735 5.8 (5.1–6.5)

 Heterosexual contact 2654 21.0 (19.3–22.7)

 Other (including NIR/NRR) 1283 12.7 (10.8–14.7)

Cigarette smoking

 No 7800 65.1 (63.8–66.4)

 Yes 4021 34.9 (33.6–36.2)

Binge drinking (during past 30 days)

 No 9924 84.4 (83.3–85.5)

 Yes 1839 15.6 (14.5–16.7)

Noninjection drug use

 No 8230 70.2 (68.8–71.6)

 Yes 3569 29.8 (28.4–31.2)

Injection drug use

 No 11475 97.4 (96.8–97.9)

 Yes 340 2.6 (2.1–3.2)

Surveillance year

 2015 3654 32.8 (30.3–35.3)

 2016 4038 33.2 (30.9–35.6)

 2017 4222 34.0 (31.3–36.6)

HIV, human immunodeficiency virus; CI, confidence interval; ART, antiretroviral therapy

a
Numbers are unweighted

b
Percentages and corresponding CIs are weighted percentages

c
Includes American Indian/Alaska Native, Asian, Native Hawaiian/Other Pacific Islander, or multiple races
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Table 2.

Descriptive characteristics of items and three-item summary scale.

Percentile

Variable Mean (sd) 25th 50th (median) 75th Range

Item 1 95.3 (116) 93 100 100 1 to 100

Item 2 84.3 (21.1) 80 100 100 1 to 100

Item 3 90.8 (17.0) 80 100 100 1 to 100

Scale 90.2 (14.4) 84 93 100 1 to 100

Items:

1.
In the past 30 days, on how many days did you miss at least one dose of any of your HIV medicines (response option was a number between 0 

and 30)

2.
In the past 30 days, how good a job did you do at taking your HIV medicines in the way you were supposed to? (response options were very 

poor, poor, fair, good, very good, and excellent)

3.
During the past 30 days, how often did you take your HIV medicines in the way you were supposed to? (response options were never, rarely, 

sometimes, usually, almost always, and always)
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Table 3.

Bivariate and multivariable linear regression models predicting adherence score among person with diagnosed 

HIV who are taking antiretroviral therapy—United States, 2015–2017.

Adherence score Unadjusted Adjusted

Characteristics Least Squares 
mean

Difference in 
Least Squares 

mean

pvalue Difference in 
Least Squares 

mean

pvalue

Total

Age (years) •

 18–29 86.13 −5.57  <.0001 −3.29  <.0001

 30–39 87.93 −3.77  <.0001 −2.30  <.0001

 40–49 90.42 −1.28  0.0006 −0.56  0.1631

 >=50 91.70 Ref. . Ref.

Current gender •

 Male 90.63 Ref. . ....

 Female 89.44 −1.19  0.0092 ....

 Transgender 89.92 −0.71  0.6034 ....

Sexual orientation (selfreported) •

 Homosexual/gay 90.83 Ref. . ....

 Heterosexual/straight 90.07 −0.76  0.0273 ....

 Bisexual 90.16 −0.67  0.2637 ....

 Other 87.63 −3.20  0.0047 ....

Race and ethnicity •

 White (non-Hispanic) 92.81 Ref. . Ref.

 Black (non-Hispanic) 88.72 −4.09  <.0001 −3.90  <.0001

 Hispanic or Latino 89.94 −2.87  <.0001 −2.70  <.0001

 Other/Multiracial 90.01 −2.80  0.0001 −1.62  0.0093

Healthcare coverage(past 12 months) .

 No 89.77 −0.62  0.407 ....

 Yes 90.39 Ref. . ....

Healthcare coverage type (past 12 months) •

 Any Private Insurance 91.85 Ref. . ....

 Public Insurance Only 89.42 −2.43  <.0001 ....

 Ryan White HIV/AIDS Program Coverage 
Only/Uninsured

89.77 −2.08  0.0081 ....

Household poverty level (past 12 months) .

 Above poverty level 91.36 Ref. . Ref.

 At or below poverty level 89.04 −2.32  <.0001 −0.99  0.0034

Education .

 <High school 89.33 −1.55  0.0032 ....

 High school diploma or equivalent 89.8 −1.08  0.0053 ....
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Adherence score Unadjusted Adjusted

Characteristics Least Squares 
mean

Difference in 
Least Squares 

mean

pvalue Difference in 
Least Squares 

mean

pvalue

 >High school 90.88 Ref. . ....

Homeless at any time (past 12 months) .

 No 90.86 Ref. . Ref.

 Yes 84.08 −6.78  <.0001 −4.12  <.0001

Depression (past 2 weeks) .

 No depression 91.34 Ref. . Ref.

 Any depression 86.70 −4.64  <.0001 −3.65  <.0001

HIV transmission category •

 MSM 90.80 Ref. . ....

 IDU 89.37 −1.43  0.0134 ....

 MSM-IDU 88.46 −2.34  0.0011 ....

 Heterosexual contact 90.12 −0.68  0.0744 ....

 Other (including NIR/NRR) 90.37 −0.43  0.5602 ....

Cigarette smoking •

 No 91.48 Ref. . ....

 Yes 88.11 −3.37  <.0001 ....

Binge drinking (during past 30 days) •

 No 90.99 Ref. . Ref.

 Yes 87.07 −3.93  <.0001 −2.72 <.0001

Noninjection drug use •

 No 91.76 Ref. . Ref.

 Yes 86.85 −4.91  <.0001 −3.69 <.0001

Injection drug use •

 No 90.55 Ref. . Ref.

 Yes 81.93 −8.62  <.0001 −5.93 <.0001

Surveillance year •

 2015 90.06 Ref. . ....

 2016 90.11 −0.71  0.0482 ....

 2017 90.83 Ref. . ....

Notes: All estimates are weighted; all variables assessed via self-report.
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