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D. Kirk1,4, and Lisa P. Jacobson1

1Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

2Department of Epidemiology, UCLA Fielding School of Public Health, Los Angeles, CA

3Division of Infectious Diseases / HIV/AIDS Unit, University of Pittsburgh School of Medicine, 
Pittsburgh, PA

4Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, MD

Abstract

The need to achieve ≥95% adherence to HAART for treatment effectiveness may be a barrier for 

universal initiation at early stages of HIV. Using longitudinal data collected from 2006-2011 from 

cohort studies of MSM (MACS) and IDUs (ALIVE study), we estimated the minimum adherence 

needed to achieve HIV RNA suppression (<50 copies/mL), defined as the level at which at least 

80% were virally suppressed, and the odds of suppression was not significantly different than that 

observed with ≥95% adherence. In the MACS, ≥80% suppression was observed with 80-84% 

adherence and the odds ratio for suppression (vs.≥95% adherence) was 1.43 (0.61, 3.33). In the 

ALIVE study where <35% were on newer drugs, only 71.4% were suppressed among those who 

reported ≥95% adherence. Although IDUs on older HAART regimens may need to be ≥95% 

adherent, concerns related to non-adherence may be less of a barrier to initiation of modern 

HAART regimens.
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INTRODUCTION

Approximately 34 million people were living with HIV at the end of 2011 (1). With 

theintroduction of highly active antiretroviral therapy (HAART) in 1996, there was a 

significant decline in AIDS-related mortality, and a longer life expectancy among HIV-

infected persons treated with HAART (2-6). The treatment of HIV has evolved over the past 

two decades from highly toxic, complex regimens, to newer formulations with improved 

pharmacokinetics that are easier to administer (7). Effective treatment is defined by 

achieving low, undetectable plasma HIV RNA levels (copies/mL) (7). HAART needs to be 
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administered daily over the course of a patient's lifetime in order to keep HIV RNA levels 

suppressed, decrease rates of resistance, and prevent progression to AIDS and HIV-related 

death.

Researchers investigating the effectiveness of HAART found that 95% adherence or better 

was necessary for approximately 80% of the population to achieve viral load suppression 

(8,9). This high level of adherence has been challenging for many individuals due to barriers 

to adherence (7) that include treatment complexity (10,11), patient-related high-risk 

behaviors such as use of non-prescription drugs, lack of social support, and 

sociodemographic factors such as age and comorbidities (12). Individual responses to 

treatment such as tolerability, drug-resistance, durability of virologic and immunologic 

responses, and pharmacokinetic factors vary, and sometimes untreated symptoms due to 

suboptimal viral load suppression may impair subsequent adherence to HAART (13). There 

are negative consequences of requiring high levels of adherence. First, physicians may be 

reluctant to prescribe HAART universally to patients early in the infection due to concerns 

about the ability to maintain adherence to HAART over time (14). Second, for patients on 

HAART, a significant amount of resources have been invested in improving adherence to 

HAART (7). Resource-intensive strategies to improve HAART adherence have included 

electronic reminders, administration of medications under supervised settings, self-

monitoring, counseling (15), and adherence improvement strategies such as Directly 

Administered Antiretroviral Therapy (DAART) (16) for drug users, and Sharing Medical 

Adherence Responsibilities Together (SMART for couples) (16). In addition to the costs, 

these strategies are often administered only for fixed periods of time, and adherence to 

HAART and viral suppression may not be sustained after the strategies are withdrawn 

(7,17).

Given the improved pharmacokinetics of newer HAART regimens over therapies 

administered in the earlier treatment era, and concerns about the need to maintain high 

adherence, empirical data are needed to know whether viral load suppression is possible at 

lower levels of adherence at the population level. A lower level of adherence required for 

effective treatment may alleviate the concerns noted above, result in earlier initiation of 

treatment in patients, and also enable physicians to determine which patients require in-

depth counseling for adherence. Improving access to, and consistent use of medicines by 

HIV-infected individuals would decrease their risk of transmitting the virus to others, 

according to a recent report by the Institute of Medicine (IOM) on HIV treatment and 

quality of care (18).

This study aimed to determine whether the association between adherence and HIV RNA 

suppression has changed over time, and to estimate the minimum optimal cutoff of 

adherence for HIV RNA suppression. The hypothesis was that the effectiveness of currently 

available HAART, measured by the suppression of HIV RNA to <50 copies/mL, does not 

require the near perfect levels of adherence (≥95%) as was required with earlier regimens.
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METHODS

We used longitudinal data collected prospectively between March 2001 and December 2011 

from the participants in the Multicenter AIDS Cohort Study (MACS), and the AIDS Linked 

to the Intravenous Experience (ALIVE) study who reported using HAART between 2001 

and 2011 for at least one visit.

The MACS is an ongoing prospective study of HIV-1 infection among men who have sex 

with men (MSM) in the United States (19). A total of 6,992 men have been recruited since 

1984 in 3 waves of recruitment: 5,622 men before 1991, 1,350 men in 2001-03, and 20 men 

since 2010, in Baltimore, MD, Chicago, IL, Los Angeles, CA, and Pittsburgh, PA (19). 

Eligible persons had to be sexually active, 18 years or older, and free of an acquired 

immunodeficiency syndrome (AIDS)-defining illness, i.e., opportunistic infection or 

malignancy (20). Every six months, the study visits entail physical examinations, collection 

of blood for concomitant laboratory testing and storage, and standardized interviews to 

collect information on demographics, medical history, and behaviors. MACS study 

protocols were approved by institutional review boards at each study center, and informed 

consent was obtained from all participants.

The ALIVE study is a prospective community-based cohort study of injection drug users 

(IDUs) in Baltimore, MD (21). A total of 2,946 IDUs were recruited initially through 

community outreach in 1988-1989 (21). This was followed by three waves of recruitment in 

1994-1995, 1998, and 2005-08, with a total of 1,067 participants being followed over time 

since 1996 (17). Eligible persons had to be 18 years or older, free of AIDS during initial 

recruitment waves, and have a history of injection drug use. Similar to the MACS, at each 6-

month study visit, researchers collect information on sociodemographic characteristics, 

medical history, HIV risk behaviors (sexual and drug-related), drug abuse treatment, and 

collection of blood for concomitant laboratory testing and storage. ALIVE study procedures 

were reviewed and approved by the institutional review board at the Johns Hopkins 

Bloomberg School of Public Health, and all participants provided written informed consent.

In both cohorts, HIV RNA levels were determined using the Roche Ultrasensitive RNA 

PCR assay (Hoffman-LaRoche, Nutley, NJ, U.S.A.) with a detection limit of 50 copies/ml, 

and CD4+ levels were quantified using standardized flow cytometry (19, 21). The Baltimore 

MACS site and the ALIVE study use the same laboratory for flow cytometry and HIV RNA 

quantification.

Definition of HAART

HAART was defined using the DHHS guidelines as ‘a combination antiretroviral treatment 

regimen containing at least 3 antiretroviral drugs - 2 nucleoside reverse-transcriptase 

inhibitor (NRTI) medications plus a protease inhibitor (PI), a non-nucleoside reverse-

transcriptase inhibitor (NNRTI), or an integrase strand transfer inhibitor (INSTI)’(22).

Based on the type of HAART regimen used in the general population, we classified the 

treatment of HIV into 3 eras: early HAART, 1996 through 2000; mid- HAART, 2001 
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through 2005; and current HAART, 2006 through 2011. Date of HAART initiation was set 

as the visit date of the first HAART report.

Study population

Specifically, our study population was restricted to HIV-positive men and women who were 

on HAART from March 1, 2001 to December 31, 2011 (mid- and current eras). In addition, 

to examine trends in adherence and viral load over time, we further restricted the population 

to those contributing data from January 1, 2009 onwards. This latter restriction was 

implemented to avoid bias in temporal trends due to earlier attrition as a result of worse 

outcomes; for example, examining temporal trends by including those who developed AIDS 

and died before 2009, would result in different persons comprising calendar periods under 

study and bias the results. Only visits at which participants reported using HAART were 

included in the analysis.

Outcomes and exposures

Adherence to HAART was defined using self-reported information collected at the study 

visits. In the MACS, the participant was asked about his actual use of each antiretroviral 

medication over the four days prior to the study visit. These responses were compared to the 

prescribed usage to determine adherence:

As an exposure, adherence to HAART was treated as a categorical variable based on the 

distribution of adherence in the study population, and was also dichotomized as ≥95% or 

less. As an outcome, adherence was treated as a continuous variable. In the ALIVE study, 

self-reported adherence data were collected and the adherence percent was calculated similar 

to the MACS, except that usage over a 3-day period was ascertained.

Potential predictors of viral load suppression (<50 copies/mL) and adherence were 

sociodemographic and behavioral characteristics reported for the 6 months prior to when 

adherence and HIV RNA were measured. These included age, race, annual income (<

$10,000 versus ≥$10,000), insurance status (private, public, none), current injection drug 

use, non-injection drug use (including cocaine, crystal methamphetamine, marijuana, heroin, 

poppers), current smoking, and moderate-heavy alcohol intake (defined as 3-4 drinks/day or 

more for more than once a month or ≥ 5 drinks/day for less than once a month) compared to 

lower quantities. Treatment and disease characteristics included number of antiretrovirals, 

CD4 cell count, and self-reported depressive symptoms (measured using the Centers for 

Epidemiologic Studies Depression Scale (CES-D)) (23). Persons with scores greater than 16 

on the CES-D were classified as having symptoms of depression (23). Both CD4 cell count 

and CES-D scores were lagged to the previous visit. In the ALIVE study, additional 

variables included homelessness, incarceration (≥1 week), and the length of the visit 

interval. We also controlled for the type of HAART regimen (NNRTI-based, PI-based, 

INSTI-based, and single pill) in both cohorts. Gaps in treatment were calculated for both 

cohorts since they were likely to impact the association between adherence and viral load 
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suppression. Gaps in treatment were defined as not being on HAART for at least one visit 

since treatment was initiated. In addition to being included as a confounder in the analysis, 

an interaction term between adherence and having one or more gaps in treatment was 

included to check for potential effect modification.

Statistical methods

The 2 cohorts were analyzed separately since they represented two distinct risk groups 

(MSM and IDU), which could modify associations, and also because they presented with 

very different distributions of adherence. We restricted the analysis to person-visits with 

non-missing covariates, representing about 95% of the sample. Exclusion of these person-

visits did not alter any trends or results from univariate analysis that used the full population. 

In both cohorts, for those with first HAART visits after 2006 with missing values in lagged 

CD4 cell counts, we used the CD4 count at that visit (MACS: 0.1%, ALIVE: 6.9%). The 

average change in adherence over time was determined at the population and individual 

levels. Linear mixed effects models with random intercept and slope, adjusted for 

confounders were used to study the effect of time on adherence. Adherence was modeled as 

a continuous outcome and two models were fit. In the first model, time was modeled as a 

dichotomous variable (<2006 and ≥2006), and in the second model, time was modeled as a 

discrete variable, using 2-year intervals. The fixed components of the model, the β 

coefficients, were used to determine the average change in adherence accounting for 

individual correlation between observations. The variance of the random slope, σ 22, 

estimated using maximum likelihood, was used to determine between-person changes over 

time. A likelihood ratio test was used to test if the random effects were significant.

To initially examine whether the proportion suppressing HIV RNA changed over time 

among those not fully adherent, we graphically depicted the proportion suppressed from 

2001-2011 among those with <95% adherence. The best fit for the relationship between 

proportion suppressed and time was determined based on the Akaike Information Criterion 

(AIC) statistic. To define the minimum optimal adherence cutoff in the population, two 

criteria had to be met: 1) since historically, 80% of treated HIV-infected persons with ≥95% 

adherence had suppressed viral load (8, 9), this level had to be achieved; and 2) the odds of 

viral load suppression at the cutoff could not be statistically different from that observed in 

the population with ≥95% adherence. Since we were interested in defining this cutoff for 

adherence to current HAART regimens, we restricted this analysis to data from 2006 

onwards. The proportion suppressed was plotted according to categories of adherence based 

on the observed distribution by cohort. Logistic regression models with viral load 

suppression as the outcome, and adherence percent as the primary exposure controlling for 

repeated measures over time and adjusting for confounders were used to compare the odds 

of suppression at the adherence category to that observed in the reference category (≥95% 

adherence).

All analyses were performed using SAS 9.2 (Cary, North Carolina, USA) and STATA 12.1 

(College Station, Texas, USA). A p-value threshold of 0.05 was used to define statistical 

significance.
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RESULTS

Study population

A total of 1,215 MACS participants contributed 12,310 person-visits, and 337 ALIVE 

participants contributed 2,188 person-visits in 2001-2011, of whom 1,026 and 197, 

respectively, contributed data since 2009. After excluding 5% of the person-visits due to 

missing covariates in the MACS, the study population consisted of 11,678 person-visits 

contributed by 1,194 participants, of which 1,006 were seen since 2009. The missing data by 

covariates were: alcohol use (1.8%), smoking (1.6%), non-injection drug use (1.9%), and 

depression (2.3%). Characteristics of the study populations seen since 2009 according to 

adherence are described in Table 1. Supplemental Table 1 shows the characteristics of all 

participants, compared to those seen since 2009. In the MACS, adherence was significantly 

associated with higher income, having private insurance, abstinence from injection and non-

injection drug use, a higher CD4 count, and virologic suppression. In the ALIVE study, 

those with ≥95% adherence had a significantly lower proportion of alcohol users, and 

current injection and non-injection drug users. The overall proportion suppressed was also 

significantly higher for visits with ≥95% adherence compared to visits with <95% 

adherence.

In the MACS, the use of multiple pill regimens which were PI-based and NNRTI-based 

declined from 51% and 39%, respectively in 2006, to 36% and 16%, respectively in 2011. 

Concomitantly, the use of newer regimens –single pill, and INSTI-based has increased 

steeply over time from 5.7% and 0% in 2006 to 27% and 19% in 2011, respectively. In the 

ALIVE study, the use of PI-based and NNRTI-based regimens also declined from 70% and 

23%, respectively in 2006, to 60% and 5%, respectively in 2011. The use of single pill and 

INSTI-based regimens rose from 0% to the current use of 21% and 12% in 2011.

Adherence over time

As shown in Figure 1, the proportion reporting 100% adherence increased in both cohorts 

from 2001 through 2011. Restricting the population to those seen from 2009-2011, the 

increases in reporting 100% adherence from 2001-2011 was 84% to 90%, and 87% to 92% 

in the MACS and ALIVE study, respectively. Table 2 shows the results from linear mixed 

models used to examine the change in adherence over time. There was an increase in the 

average adherence over time in the MACS after accounting for within-person changes - an 

11% increase in average adherence every two years, and a 33% increase in average 

adherence in the latter era compared to the earlier era. Adjusting for confounders attenuated 

the change in adherence over time in the population. There was significant variability 

(σ 22=3.3 (2.8, 3.9)) in the change of adherence over time. In the ALIVE study, there was a 

14% increase in the average adherence every two years, and a 22% increase in the adherence 

in the latter era compared to the earlier era using the results from the adjusted model. There 

was significant variability in the change of adherence over time (σ 22=3.1 (1.3, 7.3)), and 

high variability in this trajectory in the ALIVE (Root Mean Square error: 11.69) as seen in 

Figure 1.
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Almost 25% of HAART users in the MACS reported at least one gap in treatment and 

12.9% reported multiple gaps of HAART such that HAART use was not reported for 7.7% 

of 13,339 person-visits following initiation. In the ALIVE, 73% of HAART users reported 

at least one gap in treatment, and 53.4% reported multiple gaps such that HAART use was 

not reported for 34.6% of 3,426 person-visits following initiation.

HIV RNA suppression

Overall, 79.9% of the MACS person-visits had undetectable HIV RNA since 2001 

(Supplemental Table 1), and the proportion suppressing HIV RNA in the MACS participants 

with <95% adherence increased since 2001, and ranged between 75% and 79% since 2006 

(Figure 2). For the MACS, the model with time included as a piecewise linear term (AIC: 

130.1) was a better fit than time modeled as a linear term (AIC: 138.2), or as a polynomial 

term (AIC: 139.2). For the ALIVE study, the model with time included as a linear term 

(AIC: 32.24) was a better fit than time modeled as a quadratic term (AIC: 33.74).

Minimum optimal adherence

In the current era (2006-11), the proportion suppressing HIV RNA increased with increasing 

adherence (Figure 3). At adherence levels between 80% and 84%, the proportion 

suppressing HIV RNA was greater than 80% (83.5%). For those with ≥95% adherence, 

85.1% had undetectable HIV RNA levels. Random-effects logistic regression models with 

viral load suppression as outcome, adjusted for age, number of drugs, recreational non-

injection drug use, alcohol use, race, smoking, lagged CD4 cell count, and type of HAART, 

confirmed that at adherence levels between 80% and 84%, the odds of viral load suppression 

were not significantly different than that among those with adherence levels ≥95%. 

Although HIV RNA suppression was significantly less likely among those with a gap in 

treatment (OR: 0.61 (0.55, 0.67)), there was no statistically significant interaction between 

adherence and having at least one gap in treatment.

In the ALIVE study, we did not observe a minimum optimal adherence cutoff below 95% 

because less than 80% of the population was suppressed among those with ≥95% adherence 

(71.4%). Further, the adjusted odds of viral load suppression were appreciably lower with 

levels of adherence <95%, compared to the odds of viral load suppression at ≥95% 

adherence, although not statistically significant. Among those reporting ≥95% adherence, 

those who were currently injecting drugs were less likely to suppress HIV RNA than those 

not injecting drugs (55.4% vs. 74.8%, P<0.001). Similar to that seen in the MACS, the odds 

of suppression was significantly lower among those with a gap in treatment (OR: 0.50 (0.36, 

0.69)), and there was no statistically significant interaction between adherence and having at 

least one gap in treatment.

DISCUSSION

In these prospective cohorts of HIV-infected MSM and IDUs, there was an observable 

increase in the proportion reporting ≥95% adherence to HAART between 2001 and 2011. 

Our data are consistent with the hypothesis that adherence to HAART has become easier 

over time with newer and simpler HAART formulations. This concurs with previous studies 
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reporting increased ease of adherence to once-daily regimens compared to multi-dose 

regimens (10, 24, 25). Both cohorts reported an increase in the use of single pill regimens 

since 2006 (MACS: 5.7% to 27.2%, ALIVE: 0 to 21.4%, in 2011).

Newer drugs have also made viral load suppression possible at adherence levels lower than 

the 95%. Second-generation PIs (e.g., darunavir and tipranavir), NNRTIs (e.g., rilpivirine, 

etravirine), and newer classes such as INSTIs (e.g., raltegravir), enable durable viral load 

suppression with generally easier administration owing to high potency and improved 

pharmacokinetic profiles (26,27). Importantly, they also have improved tolerability profiles, 

which may lead to better adherence. While newer HAART formulations may now be easier 

to administer, they also do not necessarily require consistently high levels of adherence for 

viral load suppression as suggested in previous studies (26-28).

However, the population-level benefit of these newer formulations may be limited since 

some marginalized groups are not being prescribed these drugs as often as others. In our 

study, while more than 50% of MACS participants reported recent use of a newer HAART 

formulation, fewer than 35% of ALIVE participants were on these HAART regimens in 

2011. This finding is consistent with a previous study by Mehta et al which reported that 

IDUs in Baltimore were initiating care at more advanced disease stages, and were not 

receiving newer HAART regimens (29). The low proportion of suppressed visits in the 

ALIVE may thus in part be attributed to drawbacks of using older HAART regimens with 

shorter half-lives, increased pill burden, poor tolerability and drug resistance. However, it is 

also likely that the observation of a lower overall viral load suppression rate in the ALIVE 

study reflected a higher frequency of treatment gaps and greater barriers to consistent 

HAART use including frequent homelessness, incarceration, ongoing substance use, and 

more limited insurance. Discontinuous HAART use in this population (21,30) may also have 

led to the development of drug resistance and subsequently higher rates of treatment failure.

Our data suggest that adherence levels as low as 80% to 84% may be sufficient for viral load 

suppression in populations using newer HAART formulations. This is consistent with 

literature suggesting that chronically ill patients using 80% of their medications, are 

generally categorized as being adherent to their treatment (31). However, this message 

should be interpreted with caution. While our study points to lower adherence levels for 

effectiveness than previously established, the goal is not to encourage patients to be less 

adherent to medications. It is important for HIV providers to continue emphasizing the 

importance of 100% medication adherence. However, keeping in mind that some patients 

may not be as adherent to their medications due to specific barriers, they can divert 

resources for comprehensive counseling sessions towards patients with barriers to 

adherence.

Important predictors of high adherence to HAART and viral load suppression in the MSM 

cohort were found to be older age, non-Black race, higher CD4 count, and non-use of 

alcohol, cigarettes or recreational non-injection drugs, consistent with previous studies 

evaluating predictors of adherence to HAART in the MACS, and in other populations 

(8,12,32-34).
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Similarly, in the ALIVE study, older age, non-use of alcohol, cigarettes, recreational 

injection and non-injection drugs, and not being incarcerated, were shown to predict high 

adherence, consistent with other studies of HIV-infected IDUs (35-37).

As stated earlier, it was not possible for us to confirm a minimum optimal adherence cutoff 

lower than 95% for IDUs in the ALIVE. Although the lack of statistical significance in ORs 

could be attributed to the small sample size, only 71.4% were suppressed among those with 

≥95% adherence, which is less than optimal, and lower, when compared to that observed in 

previous literature (8). In addition to use of older regimens and low retention in treatment, 

this study population consisted of low-income individuals with a high proportion of 

substance use. When stratified by current injection drug use, significant differences were 

observed in the proportion of individuals suppressed at ≥95% adherence. Therefore, rate-

limiting steps to achieving optimal adherence in this population may be patient-related 

behaviors, in addition to physician prescribing behaviors.

The use of self-reported adherence is a limitation to the study. Self-reported adherence is 

associated with recall error and social-desirability bias, which may lead participants to 

overestimate their actual adherence (34). Additionally, self-reported adherence may be less 

reliable in a population of IDUs (38). This may have led to the relatively low proportion of 

suppression among those reporting ≥95% adherence in the ALIVE study. Another possible 

explanation for the lower level of suppression achieved by adherent ALIVE participants 

may be drug resistance. However, these data were not available. Another limitation may be 

misclassification of the antiretroviral medications used by the participants. Although cross-

checking with medical records would address the reliability of self-report, it would not 

assess the validity of the actual use. Given that caveat, an earlier study in the MACS did 

show high agreement between self-reported and prescribed medication use (39).

There were several strengths associated with this study as well. Both the MACS and the 

ALIVE are long-standing cohort studies examining the natural and treated histories of HIV 

in two important risk groups in the United States – MSM and IDU – that use standardized 

methods for data collection, and have relatively low attrition. Although self-reported data for 

adherence are associated with biases as described earlier, an important strength of our data is 

that persons were not reporting their adherence to their providers. This may have decreased 

the social desirability bias to some extent, since providers are more likely to counsel patients 

with suboptimal adherence, and make changes to their treatment regimen. Participants 

reported their adherence before their viral load test, and therefore, in addition to temporality 

of the relationship, there was no bias in the reporting of adherence due to knowing the HIV 

RNA test outcome.

CONCLUSION

In summary, in the current era of HIV treatment, in addition to the ease of use of newer 

formulations which make high levels of adherence easy to achieve, improved formulations 

have made viral load suppression possible at lower adherence levels, which is consistent 

with evidence from recent studies (7, 40). While in a population of MSM HAART users on 

newer HAART regimens, being 80% adherent to treatment may be sufficient for viral load 
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suppression, IDUs on older HAART regimens may need to be more than 95% adherent to 

HAART. In a population with more limited access and poorer engagement in care, the 

prescription of newer drugs may potentially help alleviate the barriers to treatment, and 

improve overall treatment outcomes. Future studies should aim to determine whether 

adherence and viral load suppression among IDUs may be similar to that observed in the 

MSM population if given the same opportunity for newer regimens.

HIV providers should therefore not let concerns regarding adherence assume primacy and 

hinder the appropriate use of modern HAART regimens broadly at earlier stages of HIV 

disease. In parallel, retention and engagement in care should continue to be a primary 

objective, and this together with more universal prescribing patterns, will potentially 

improve individual outcomes and indirectly alleviate disease burden in the population. 

While HIV providers should continue to urge patients to achieve perfect adherence, 

comprehensive adherence counseling support may be best targeted to persons with more 

limited engagement in care and those dealing with substance use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Proportion reporting ≥95% adherence over time in the MACS and ALIVE study 
(2001-2011)
The red dashed and blue solid lines represent the trends in reporting ≥95% adherence among 

all persons using HAART, and those seen since 2009, respectively. The thin black line 

represents the best fit line for those seen since 2009. The error bars represent 95% 

confidence intervals (CI) for observed proportions for those seen since 2009.
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Figure 2. Proportion suppressing HIV RNA (<50 copies/mL) over time among participants with 
<95% adherence in the MACS and ALIVE study from 2001-2011
The blue thick line represents the observed proportion suppressed, and the black thin line 

represents the best fit line. The error bars represent 95% CI for the observed proportions.
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Figure 3. Proportion suppressing HIV RNA (<50 copies/mL) by HAART adherence category 
(2006-2011)
The blue thick line represents the observed proportions, and the black thin line represents the 

best fit line. The error bars represent 95% CI for the observed proportions. The odds ratios 

and 95% CI were obtained from a random-effects logistic regression model comparing the 

HIV RNA suppression at lower adherence levels to adherence ≥95%, and adjusting for 

confounders. In the MACS, confounders were age, race, alcohol use, non-injection drug use, 

smoking, type of HAART, and CD4 count from previous visit. In the ALIVE study, 

confounders were age, injection drug use, alcohol use, smoking, CD4 count from previous 

visit, non-injection drug use, and type of HAART.
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Table 2

Change in adherence over time (2001-2011)

Model Time Unadjusted estimate Unadjusted estimate Adjusted estimate Adjusted estimate

MACS ALIVE MACS
&

ALIVE
#

Model 1: Mixed Per 2- year interval 0.11 (−0.06, 0.27) 0.18 (−0.25, 0.61) −0.03 (−0.22, 0.16) 0.14 (−0.35, 0.64)

Model 2: Mixed 2006-11 vs. 2001-05 0.33 (−0.14, 0.81) 0.39 (−0.96, 1.74) 0.05 (−0.47, 0.57) 0.22 (−1.26, 1.69)

&
Adjusted for age, race, alcohol use, smoking, type of HAART, and non-injection drug use

#
Adjusted for age, alcohol use, non-injection recreational drug use, injection drug use, smoking, and visit interval
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