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Abstract

Improving adherence to antiretroviral therapy (ART) is essential for limiting HIV disease 

progression among young sexual minority men living with HIV. Daily diaries allow for a detailed 

examination of how fluctuations in psychosocial factors are associated with adherence over time. 

Across three cities in the United States, this study collected 60 days of quantitative data from 

44 young men (between 16–24 years of age) living with HIV who have sex with men. Lagged 

transition models explored the associations of mood, stress, social support, substance use, and 

condomless intercourse with daily ART adherence. Baseline levels of illicit substance use and 

condomless intercourse, and a higher proportion of days with stress or marijuana use, were 

associated with lower ART adherence. Lapses in adherence predicted non-adherence the following 

day. Findings suggest prospective data collection may identify different predictors of adherence 

compared to retrospective recall. Lapse-management strategies are needed to improve adherence 

following a missed dose.
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Introduction

Adherence to antiretroviral therapy (ART) is essential for limiting HIV disease progression 

and preventing onward transmission of the virus 1,2. Young sexual minority men (i.e., 
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gay, bisexual, and other men who have sex with men) contract HIV at disproportionately 

high rates, and young people living with HIV are the group least likely to be engaged in 

HIV care and to achieve viral suppression 3. Although ART adherence among adolescents 

has improved as medication regimens have become less complex, young sexual minority 

men still face significant barriers to optimal ART adherence 4–8. As such, interventions to 

improve adherence among young sexual minority men are needed.

Prior research suggests ART adherence is impacted by a number of complex psychosocial 

factors, including mental health, substance use, social support, and life stressors 5–7,9–11. 

These and other risk factors are often conceptualized and measured as trait-like variables, 

which are considered to be static, unchanging features of the person 12,13. Exploring key 

variables as static trait-like attributes conceals information about the dynamic nature of 

constructs and may limit our understanding of how risk triggers and protective factors work 

to influence daily health behaviors 14,15. Alternatively, certain risk factors may be better 

explored in a situational context and conceptualized as dynamic state-like variables, which 

fluctuate over time.

The “daily diary,” also known as the Ecological Momentary Assessment (EMA) approach, 

provides a level of detail on situational risk factors among sexual minority young men living 

with HIV that goes beyond what can be observed from retrospective, self-report surveys. 

The daily diary, which is a prospective measurement tool, allows for the identification of 

state-like (i.e., situation-specific) relationships among mood, stressful events, social support, 

substance use, medication adherence, and sexual behavior. The daily diary data permits 

exploration of the temporal ordering of relationships among constructs. For example, the 

effects of mood on behavior can be examined in such a way that both average levels of mood 

and day-to-day variations in mood can be linked to behaviors.

In a study among adults living with HIV, Cook and colleagues 16 used a daily diary to 

examine trait-like (i.e., static) predictors of ART adherence measured at a single time point 

at baseline and state-like (i.e., fluctuating) predictors of ART adherence measured daily. 

They found differing trait-like versus state-like predictors of adherence, with perceived 

control acting as a trait-like predictor and mood and motivation acting as dynamic state-like 

predictors. Overall, this suggests a daily diary approach can provide more detail on the 

trait-like and state-like mechanisms driving non-adherence. However, Cook and colleagues 
16 focused on adults, and results may not be generalizable to adolescents, who have lower 

rates of treatment utilization and viral suppression 3.

Over the past decade, there has been a proliferation of promising technology-driven 

interventions to improve ART adherence 7,17–20. Interventions will become more sustainable 

and cost-efficient for use in low-resource settings if researchers can identify the ideal 

timing for intervention delivery 21. There have been mixed findings on whether brief 

interventions, such as text-message adherence reminders, are more effective when sent on a 

pre-determined schedule or when triggered by lapses in adherence 20,22–25. Less is known 

about whether there are other daily variables contributing to adherence lapses that can be 

used to prompt efficient, personalized technology-delivered interventions.
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Using structured electronic daily diaries, the current research aimed to fill a gap in the 

literature by exploring situational factors related to HIV medication adherence, including 

mood, stressful events, social support, sexual risk behavior, and substance use, among young 

men who have sex with men who were living with HIV and prescribed to take ART. A 

secondary goal was to identify how daily diary data can inform technology-driven adherence 

interventions.

Methods

Study Design

This study employed a structured daily diary to describe fluctuations in key psychological 

and behavioral variables impacting daily ART adherence among young men who have 

sex with men (YMSM) aged 16 to 24 years old living with HIV who had engaged in 

recent substance use and/or sexual risk behavior. Specifically, the diary examined day-to-

day changes in self-reported mood, stressful events, social support, substance use, sexual 

behavior, and daily adherence to ART. Study methods have been described in prior work 

examining the feasibility and acceptability of electronic daily diaries 26.

Ethical Considerations

Ethical approval for this study was obtained from institutional review boards at all sites 

involved in the study. This study was performed in accordance the 1964 Declaration of 

Helsinki. The authors report no conflicts of interest. All participants provided written 

informed consent, with a waiver of parental consent for those under 18 due to privacy 

considerations around HIV status.

Setting

Recruitment took place between April 2013 to November 2013 at three children’s hospitals 

located in Philadelphia, PA, Detroit, MI, and Aurora, CO that provide comprehensive HIV 

services for adolescents and young adults.

Participants

All participants were young men who have sex with men (YMSM) receiving services at 

the clinic site, defined as being between 16–24 years of age, identifying as a cisgender 

man, and reporting a sexual encounter with another man involving oral or anal sex in the 

past year. Additional eligibility criteria included reporting condomless intercourse and/or 

substance use in the past 90 days (defined as having four or more alcoholic drinks in 

one sitting and/or two or more occasions of drug use), being HIV-infected through sexual 

behavior, having regular cell phone access and internet access, and meeting requirements 

for reading comprehension in English at the 5th grade level. The current analysis is limited 

to participants who indicated that they had been prescribed ART at least once within the 

60 diary days. Exclusion criteria included displaying or reporting acute conditions at the 

informed consent visit that would interfere with the ability to provide true informed consent, 

including active psychiatric conditions, acute illness, or visible intoxication or self-reported 

active drug or alcohol use at the time of informed consent.
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Procedures

Convenience sampling was used to recruit young men living with HIV at their regularly 

scheduled clinic visits. Site staff invited interested patients to be screened for eligibility. 

Those who were eligible and interested in participating were asked to provide written 

informed consent, with a waiver of parental consent for those under 18. At the baseline visit, 

all participants completed a self-report assessment including basic demographic and health 

information and key constructs. The baseline assessment was administered through an audio 

computer-assisted survey (ACASI) program.

Participants were asked to complete 66 daily dairies, split into 33 days of interactive web 

response diaries and 33 days of interactive voice response diaries. Web response diaries 

were available via a secure website accessible on any computer or mobile device with 

a web browser. Interactive voice response dairies were available via any telephone. An 

automatic voice read questions aloud and the participant entered a number on their phone 

keypad to respond. As reported in a prior analysis of the feasibility and acceptability of the 

diaries, voice diaries took longer to complete (median = 8 minutes 6 seconds) compared 

to internet diaries (median = 4 minutes 32 seconds)26. Participants were randomly assigned 

to complete either web response diaries or interactive voice response diaries as their first 

33-day modality before switching to the other modality for the final 33 days. Diaries were 

to be completed every day within a 12-hour window between 6pm to 6am the next morning. 

Participants received daily reminders at 6pm and 10pm to complete unfinished diaries. For 

participants who completed the previous diary, questions were asked in regard to “the last 24 

hours,” whereas for participants who missed a prior diary, questions were asked in regard to 

“since your last diary entry.”

For each modality, there was a three-day calibration period to ensure participants were 

able to correctly and consistently use the diary and to alleviate reactive effects. Those who 

missed one day or more of the first calibration period were discontinued from the study. 

Therefore, while participants completed 66 days of diaries, only 60 days are included in the 

final analysis when excluding six calibration period days.

Participants attended in-person check-in visits midway through each modality to obtain gift 

cards to cover the cost of phone service. Participants were provided with compensation for 

all study visits and for completing daily diaries.

Measures

Demographics and continuity of HIV care were measured at baseline. Continuity of care was 

defined as having attended an HIV-related medical appointment in the past three months.

Negative mood was measured at baseline and in the daily diary using an adapted version 

of the Profile of Mood States-A (POMS-A). Participants were asked to what extent 

they currently had negative moods, such as being worried, nervous, worn out, exhausted, 

unhappy, and miserable (standardized alpha at baseline = .91) 27. Response options ranged 

from 1 = not at all to 5 = extremely. The final variable was the total sum score, with higher 

scores indicating more negative mood.
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On the baseline survey and daily diary, positive mood was evaluated with six items 

developed by Cohen et al. 28, asking participants to what extent they felt happy, pleased, 

cheerful, at ease, calm, and relaxed (standardized alpha at baseline = .88). Participants were 

instructed to answer “how are you feeling right now” with response options ranging from 1 

= not at all to 5 = extremely. The final variable was the total sum score, with higher scores 

indicating more positive mood.

Social support at baseline was measured using the Medical Outcomes Study (MOS) social 

support survey 29. This 19-item survey measured various dimensions of functional support. 

Total scores were based on the sum of 19 items, with higher scores indicating greater social 

support (standardized alpha = .96). For the daily diary, emotional and practical support 

was measured by asking participants whether they provided or received emotional and/or 

practical support to or from partners, parents, friends, and other people. For example, 

participants were asked “whether their parent gave them emotional support since their 

last call,” with options including “yes,” “no,” and “not applicable.” These items were 

summarized by a binary indicator for if participants reported reciprocal social support (i.e., 

gave and received social support) versus if they denied reciprocal social support (i.e., neither 

gave nor received support, only gave support, or only received support).

Stressors at baseline were measured using a modified version of the Psychiatric 

Epidemiology Research Interview Life Events Scale (PERI) 30. The modified version 

contained 18 events with binary response values if the event has happened in the past six 

months. Scoring was conducted by adding up the number of major life events occurring. On 

the daily diary, daily stressful events was measured using an adapted version of a checklist 

of 13 daily events developed by Bolger et al. 31. Response options were dichotomous 

(yes or no), with items including household duties/chores, problems/fights with family 

and friends, extra work, financial problems, being sick/injured, insomnia, transportation 

problems, neighborhood violence/crime, being bullied or teased, and trouble with law 

enforcement officers or other authorities. The final variable was defined as a binary indicator 

for having experienced at least one of 13 daily stressors versus none.

At baseline and on the daily diary, participants were asked about recent sexual behaviors, 

including any anal/vaginal sex, and whether sex acts occurred while wearing a condom. The 

final variable was dichotomized as “no condomless anal/vaginal intercourse” versus “any 

condomless anal/vaginal intercourse.”

Substance use was measured in the baseline assessment using the Alcohol, Smoking, 

and Substance Involvement Screening Test (ASSIST) 32. Participants responded to items 

assessing drug and alcohol use over the past three months, including alcohol, tobacco, 

marijuana, and other illicit drugs (i.e., cocaine, hallucinogens, sedatives, amphetamines, 

inhalants, and opioids). Responses were dichotomized into 0 = reported no substance use 

over the past three months or 1 = reported at least one instance of substance use over the 

past three months. In the daily diary, participants were asked how many alcoholic drinks 

they had, how many cigarettes they had, and how many times they used marijuana and other 

illicit drugs (amphetamine, painkillers, sedatives, Ecstasy, and cocaine). These items were 

then dichotomized into 0 = no daily use or 1 = endorsed daily use.
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Daily ART adherence included a four-item self-report HIV medication adherence measure, 

which asked the following questions: 1) “are you supposed to take HIV medication,” 2) 

“how many pills were you supposed to take since your last call,” 3) “how many pills did 

you actually take since your last call,” and 4) “did you take all of your pills on time?” 

Participants were considered “ART adherent” on a given diary day if they met the following 

criteria: 1) diary indicates the participant was supposed to take ART, 2) diary indicates the 

participant took the correct number of pills, and 3) pills were taken on time. There were 112 

instances where a participant indicated that they were “not supposed to take ART.” Given 

how ARTs are prescribed, the most plausible explanation for these instances is that the 

diary was completed incorrectly (i.e., that the diary entry for this question was not correct 

and, given the high rate of adherence overall, not inherently suggestive of non-adherence). 

For this reason, a response of “not prescribed to take ART” on a given day was treated as 

missing data.

Sample Size

As a result of government sequestration in 2013, unexpected financial constraints caused 

enrollment to end at 66 participants. The final sample consisted of 44 participants who met 

eligibility criteria for completing daily diaries and indicated they were supposed to take ART 

at least once during the 60 non-calibration diary days.

Statistical Analysis

For each time-varying psychosocial predictor of interest (i.e., mood, stress, social support, 

condomless intercourse, and substance use), we examined the relationship between ART 

adherence per day and the psychosocial predictor. Due to the small sample size in our 

dataset, analyses were performed separately for each psychosocial predictor. Regression 

models included the following: 1) a baseline measure related to the daily dairy psychosocial 

predictor of interest (e.g., the ASSIST measures for substance use), 2) the value of the 

psychosocial predictor on the current day, 3) the value of the psychosocial predictor on the 

prior day, 4) the mean value of the psychosocial predictor over the daily diary period (for 

binary data, this is the proportion of days with an affirmative response), 5) ART adherence 

on the prior day, and 6) baseline continuity of care – the baseline variable hypothesized a 
priori to be most highly associated with ART adherence, which was included in the model 

to control for baseline adherence. Bonferroni corrections were used to account for multiple 

comparisons.

Individual lagged transition models were fit using the daily ART adherence outcome 

and for each psychosocial predictor of interest. Transition models allow one to examine 

how psychosocial predictors on one day impact adherence on the following day 33. For 

participant i on current day j, let Yij represent ART adherence status, xij the psychosocial 

predictor of interest, and zi a vector of baseline covariates. This model can be specified as

logit P Yij = 1 ∣ xi; zi; yij = β0 + xiβ1 + xijβ2 + xi(j − 1)β3 + ziTγ + yi(j − 1)α .
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Accordingly, β3 is the lagged-day effect for the psychosocial predictor of interest. A 

participant’s ART adherence status on the preceding day is directly incorporated into the 

model with α being its corresponding regression coefficient. Lastly, xi is the participant’s 

mean psychosocial predictor value over the study period.

Our statistical analysis plan prespecified that analyses would be performed using random 

effects models in addition to transition models. However, in most cases, the random effects 

models failed to converge unless overly simplistic assumptions were made regarding the 

random effects structure; structures that did not reflect the serial nature of our data (e.g., 

random intercept models). The serial correlation of our time series-like data were well 

modeled through the use of the lagged transition model. Thus, the results presented in this 

paper are based on the aforementioned transition models.

Imputation of missing values for ART adherence and daily diary psychosocial predictors of 

interest was performed using a fully Bayesian approach that has been shown to provide 

results comparable to multiple imputation by chained equations 34. Most psychosocial 

predictors of interest were derived from several diary items on each diary day. Due to 

the difficulty of imputing the individual items themselves, imputation was done on the 

derived psychosocial predictors (e.g., the final sum score of individual items). Accordingly, 

a psychosocial predictor was imputed if at least one of the items used to derive the predictor 

was missing. Two baseline variables also needed to be imputed for a small number of 

participants: the ASSIST score for cigarette use and the derived baseline indicator for having 

condomless intercourse in last three months. Since the number of observations requiring 

imputation was minimal (one value for ASSIST score and five values for condomless 

intercourse), values were imputed via single-imputation using the best prediction from a 

logistic regression model. The analyses for this paper were performed using SAS, version 

9.4.

Results

Demographics

Among the 66 participants enrolled in the overall study, seven participants were excluded 

from analysis due to failing the calibration period or skipping all 60 non-calibration diary 

entries. Of the 59 participants who began the daily diary, 75% of participants (n = 44) 

indicated being prescribed ART at least once during the 60-day diary period and were 

included in the final analysis, resulting in a total of 1,928 initiated diaries. On average, 

participants completed 73% of diaries during the study period.

The final sample of 44 participants were between the ages of 16–24 (mean (M) = 21.1, 

standard deviation (SD) = 2.2. The sample was racially diverse with 64% (n = 28) 

identifying as Black or African American, 23% (n = 10) identifying as White, 9% (n = 

4) identifying as American Indian, one identifying as Pacific Islander, and one reporting 

unknown. In addition, 7% (n = 3) of participants also identified as Hispanic or Latino.

See Figure 1 for a visualization of ART adherence over time. Twenty-two participants 

indicated taking ART at the baseline visit. The number of days participants indicated they 
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were prescribed to take ART over the course of the diary ranged from 1–59 days (M = 36.1, 

SD = 16.8). Overall adherence ranged from 0% to 100%, with a mean of 83.1% (SD = 

24.8). Eighteen percent (n = 8) of participants had perfect adherence and 38.6% (n = 17) 

had optimal adherence of 95% or higher on days where the participant indicated they were 

supposed to take ART.

Psychosocial Variables and ART Adherence

Descriptive outcomes for each psychosocial variable, including mean scores at baseline and 

the number and percent of days endorsing behaviors on the daily diary, are listed in Table I. 

A summary of findings on daily predictors of ART adherence can be found in Table II.

Mood and Social Support

No relationship was identified between ART adherence and positive mood. Due to limited 

variability in diary responses to negative mood items, we were unable to estimate a 

transition model using that psychosocial predictor. In other words, for the negative mood 

construct, most diary responses were identical for participants over the entire study period. 

No associations were found between social support and ART adherence

Stressful Events

On the baseline measure of the number of stressful events occurring over the past six 

months, the estimated adjusted odds of being adherent to ART increased by 13% for each 

additional stressful event reported, with a corresponding 95% confidence interval (CI) of 5% 

- 21% (i.e., Odds Ratio (OR) = 1.13 with 95% CI [1.05, 1.21]). The reverse relationship 

was found when examining the proportion of days with stressful events occurring over the 

60-day course of the diary; the proportion of days experiencing a stressful event on the diary 

was negatively associated with adherence, with an increase of one in the average number of 

days where a stressful event occurred being associated with a 75% decrease (95% CI [47%, 

88%]) in the odds of being adherent (i.e., OR = 0.25 with 95% CI [0.12, 0.53]).

Condomless Intercourse

The odds of being adherent to ART were estimated to be 38% lower (95% CI [14% - 

55%]) among participants who reported condomless intercourse at baseline compared to 

participants who denied condomless intercourse at baseline (i.e., OR = 0.62 with 95% CI 

[0.45, 0.86]). Condomless intercourse throughout the daily diary was not associated with 

ART adherence.

Substance Use

For alcohol use, the odds of being adherent to ART were estimated to be 97% higher (95% 

CI [15%, 238%) for participants who endorsed alcohol use over the past three months at 

baseline compared to participants who did not (i.e., OR = 1.97 with 95% CI [1.15, 3.38]. On 

the daily diary, participants who indicated alcohol use on a given day had a lower level of 

adherence, but the difference was not substantial with an odds ratio of 1.08 (95% CI: 0.70 – 

1.67).
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When examining marijuana use at baseline, the odds of being adherent to ART were 

estimated to be 2.34 times higher among participants who endorsed marijuana use over 

the past three months compared to participants who did not (95% CI [1.72 – 3.18]). A 

reverse relationship was found between the proportion of days using marijuana over the 

course of the diary, with a one-unit increase in the proportion of marijuana use across the 

diary associated with a 75% decrease (95% CI [38% - 90%]) in the odds of daily adherence 

(i.e., OR = 0.25, 95% CI [0.10, 0.62]).

Individuals who reported illicit substance use over the past three months were associated 

with a 33% decrease (95% CI [10%, 50%]) in the odds of being adherent to ART compared 

to participants who did not report illicit substance use (i.e., OR = 0.67, 95% CI [0.10, 0.50]. 

On the daily diary, illicit substance use was not associated with adherence. Cigarette use was 

also not associated with adherence.

Previous Day Adherence

In all models, ART adherence on the previous day was associated with ART adherence 

on the following day. While controlling for all psychosocial covariates in separate models, 

adherence on the previous day was associated with between 8.01 to 9.28 times the odds of 

being adherent on the following day.

Discussion

In summary, in the present daily diary study, lower ART adherence on a given day among 

YMSM living with HIV was associated with the following baseline variables: (1) a lower 

number of stressful events over the prior six months; (3) any unprotected intercourse over 

the past three months (compared to none); (4) no alcohol use over the past three months 

(compared to any use); (5) any illicit substance use over the past three months (compared to 

none); and (6) no marijuana use over the past three months (compared to any use). However, 

lower ART adherence was associated with a greater proportion of days using marijuana 

and a higher proportion of stressful events across the daily diary period. Non-adherence on 

a prior day was strongly associated subsequent non-adherence, even after controlling for 

psychosocial variables.

The present study suggests that retrospectively measuring trait-like variables compared 

to prospectively measuring state-like variables can lead to different, and potentially 

contradictory, findings about predictors of daily ART adherence. Similar findings were 

found by Cook and colleagues 16, who measured trait factors at baseline and state factors 

prospectively in daily diaries and reported differing trait versus state predictors of ART 

adherence. Although some of these findings appear counter-intuitive (for example, endorsing 

marijuana use and alcohol use over the past three months at baseline was associated with 

better adherence), there could be a number of explanations for these findings.

First, differences in findings for state-like versus trait-like variables may be due to 

measurement. Participants may be less accurate recalling variables retrospectively at 

baseline compared to prospective daily measurement. Retrospective versus daily surveys 

may prompt the use of different cognitive recall strategies, with retrospective surveys 
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more strongly influenced by generalized beliefs about oneself and the world15,35. It is 

also possible that participants miscalculated whether stressful events and/or substance use 

occurred in the specific time frame requested in the instructions for the retrospective survey, 

whereas the daily surveys would presumably reduce this source of error. The possibility that 

daily diaries provide more accurate data on psychosocial constructs and health behaviors 

among YMSM should be considered and investigated in future research.

Furthermore, for stressful events, our measure at baseline captured the number of different 

types of stressful events over the past six months, but not the frequency of stressful events, 

which was captured in the diary. Prior research shows long-term chronic stress is more 

detrimental to health than short-term acute stress 36,37. However, to understand the impact 

of chronic stress on health, it may be essential to measure the type, frequency, and duration 

of prior stressful events at baseline rather than just their presence or absence. Findings 

regarding stress and mood also differed from Cook and colleagues’16 daily diary study of 

adherence in adults. Cook et al.,16 found a strong relationship between mood and adherence 

and a weaker relationship between stress and adherence among adults, whereas we failed to 

find a relationship between mood and adherence and found a stronger relationship between 

stress and adherence among adolescents/young adults. This raises the potential that there 

are different predictors of adherence between adolescents/young adults and older adults, 

particularly when it comes to stress and mood. However, discrepancies may also be due to 

the use of divergent measures across studies, and additional research is needed to explore 

reasons for differences between adolescents and adults.

Findings regarding substance use were particularly complex, which is in line with previous 

research showing that the impact of chronic substance use versus occasional substance use 

is different for each drug class and depends on type of outcome. For example, research 

on cannabis shows occasional marijuana users show greater impairment after marijuana 

consumption compared to chronic marijuana users, whereas self-reported memory and 

motivation are lower among chronic cannabis users compared to occasional cannabis users 
38,39. In our model, endorsing any marijuana use and alcohol use at baseline (i.e., at least 

once over the past three months) was associated with better adherence, whereas frequency 

of use across the diary was associated with worse adherence, although this was only 

statistically significant for marijuana use. There may be important confounding variables 

or mechanisms, such as increased relaxation and social engagement, that would explain 

why individuals with low or moderate amounts of substance use would have increased 

adherence compared to those with no use or high use 40. Understanding the nuanced 

impact of marijuana use on health is particularly relevant as medical and recreational 

cannabis becomes more widely available. During the study period, recreational use was 

only legal in Colorado; since then, medical use has been legalized in Pennsylvania and 

recreational use has been legalized in Michigan. Research is needed to examine how changes 

in legality might impact findings, although for the current research, cannabis use would 

have remained illegal for most participants, including all participants under 21-years-old 

and those outside of Colorado. Overall, these findings highlight the dynamic and complex 

interactions between psychosocial risk factors and health behaviors such as ART adherence 

and emphasize the need to consider not only the presence or absence of factors, but also 

their duration and chronicity over time.
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The only variable that was associated with the following day’s non-adherence across all 

models was non-adherence on the previous day, with a single day of non-adherence more 

likely to be followed by a continued lapse. This may be due to unmeasured factors causing 

extended adherence lapses, such as a multiple-day disruption in routine 41. Alternatively, 

it is possible that missing one dose triggers the following day’s non-adherence, which 

is supported by research across topics in health behavior showing the lapses pose a risk 

for behavior change 42. Further research is needed to explore the mechanisms leading to 

multiple-day lapses in adherence.

Limitations

Overall, our study is limited due to small sample size and missing data. In particular, there 

is a risk that missing data is non-random, with participants skipping the diary on days where 

they were not adherent. A prior mixed-methods analysis of the feasibility and acceptability 

of completing diaries in this sample suggests that reasons for missed diaries were varied, 

with no participants reporting that missing diaries was related to ART adherence specifically 
26. Furthermore, diary compliance was unrelated to key baseline variables and may be more 

closely related to daily diary modality, with voice diaries completed less frequently than web 

diaries 26.

The small sample size of the study led us to evaluate the potential impact of each of 

the predictors of interest using a separate model and control for multiple comparisons 

using standard methods. This was done, as opposed to attempting to fit one or more 

multivariate models that incorporated several predictors simultaneously, primarily due to 

general instability of regression models when even a moderate number of predictors are 

included in small sample settings and because our focus was not building a predictive model 

for longitudinal ART adherence. Moreover, the use of transition models to account for series 

correlation in the data over perhaps more common methods such as random effects models 

was, in part, a result of inability to model serial correlation adequately using random effects 

and obtain stable estimates of the model (e.g., in many cases, random effects models could 

not be estimated). The transition model provides a much more parsimonious mechanism for 

modeling serial correlation in the data and provides a very interpretable effect of prior day 

adherence on adherence.

In addition, the direction of the estimated effect for continuity of care in each of the 

adherence analyses is counterintuitive. These results must be viewed with skepticism due 

to the limited number of participants (two out of 44) who reported having no HIV-related 

medical appointment in the past three months. The statistical significance of these results 

is driven by the very high adherence reported by those two participants (>97%) relative 

to the group of 42 participants who met the continuity of care criteria and who, on 

average, had high but notably lower reported adherence. The associated p-values are likely 

anti-conservative as a result of the very small sample size in the group reporting a lack of 

continuity of care.
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Generalizability

Our study included a racially and ethnically diverse sample of YMSM living with HIV who 

were attending services at youth-focused HIV clinics across three major US cities. Although 

the requirement to complete the calibration days may lead to a sample that has more stable 

life circumstances, compensation for cell phone service was provided throughout the study 

to increase the likelihood that participants from varied socioeconomic backgrounds would 

have equal opportunity to complete the dairies. The current sample may be limited in that 

all youth were engaged in HIV services at baseline, although not all participants were 

prescribed ART at the baseline visit. In addition, ART adherence was varied, indicating 

that being engaged at the clinic did not lead to universally high adherence. The use of 

convenience sampling may have led to sampling bias; however, the goal of enrolling 

participants who were attending regular clinic visits mirrors realistic procedures in HIV 

clinics, as clinic-based interventions can only be offered to individuals seeking care. Overall, 

the regional and racial/ethnic diversity of our sample suggests results may be generalizable 

to similar young men who have sex with men seeking HIV services in urban locations in the 

US.

Implications

An aim of this study was to identify triggers to adherence lapses that may inform efficient 

strategies for technology-driven adherence interventions for young sexual minority men 

living with HIV. There are a number of adherence interventions that take a holistic approach 

to simultaneously improve mental health, risk behaviors, and ART adherence, such as 

cognitive behavioral therapy 7,43. One strategy is to prioritize interventions for youth who 

report any risk factors at a screening visit, such as targeted interventions for youth who 

indicate having condomless intercourse or illicit substance use. A second strategy is to 

prioritize interventions for youth who show chronically high levels of daily risk factors. For 

example, individuals who indicate a high daily frequency of marijuana use and stressful 

events may require additional interventions to improve adherence.

Furthermore, there is a need for additional research to explore mechanisms through which 

engaging in marijuana and alcohol use at baseline was associated with improved adherence. 

For example, if moderate marijuana use is a proxy for social engagement, then interventions 

to improve social engagement may be necessary; alternatively, if moderate marijuana use 

decreases stress, then stress-management interventions may be more appropriate.

Lastly, although research has been inconsistent as to whether there is a benefit to lapse-

triggered reminders to improve ART adherence, research in the field of health behavior 

change more broadly suggests there are benefits to interventions that give participants tools 

to manage lapses without becoming discouraged 42. For example, Agapie and colleagues 
42 developed a technology-driven lapse management intervention to reduce time spent on 

social media websites. In this study, all participants were awarded digital “gold stars” 

on days when they reached their goal for reduced minutes spent on social media. Half 

of the participants were also given a limited number of “cheat minutes” that they could 

use to obtain gold stars on days where they did not achieve their goal. Participants given 

“cheat minutes” had lower social media use overall compared to participants who were not 
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given cheat minutes. Although additional research is needed to explore mechanisms driving 

behavior change in lapse management interventions, it is possible that lapse management 

strategies may improve positive attitudes and self-efficacy around adherence and decrease 

the likelihood that a single lapse will turn into a lengthier period of non-adherence. 

Combining daily reminders with lapse-management tools may therefore be one way to 

improve ART adherence to optimal levels.

Conclusions

Overall, the current study suggests that consistently high levels of stress and marijuana 

use, as well as reporting any condomless intercourse and illicit substance use over the 

past three months, were predictive of daily ART non-adherence among young sexual 

minority men living with HIV. Furthermore, a single lapse in adherence was associated 

with non-adherence on the following day. Together, this suggests it may be beneficial to 

deliver more resource-intensive adherence interventions to YMSM who report chronic or 

severe stress, substance use, and sexual risk behavior, whereas daily interventions might 

choose to capitalize on lapse-management strategies to prevent future lapses from occurring. 

Future research is needed to determine the efficacy of these approaches among young sexual 

minority men with HIV, as well as the importance of daily diaries as a tool for understanding 

treatment efficacy and situational mechanisms leading to improved adherence.
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Figure 1: 
Adherence to ART across 60 daily diary days
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Table I.

Descriptive Statistics for Psychosocial Variables Reported at Baseline and Across the Daily Diary Period, 

N=44

Variable

Positive Mood

  Baseline, M score (SD) 12.82 (5.66)

  Diary, M score (SD) 10.67 (4.09)

Negative Mood

  Baseline, M score (SD) 10.48 (9.03)

  Diary, M score (SD) 10.39 (6.53)

Social Support

  Baseline, M Score (SD) 47 (19.52)

  Diary, M days (%) 12.39 (26)

Stressful Events

  Baseline, M score (SD) 3.39 (2.19)

  Diary, M days (%) 19.98 (45)

Condomless Intercourse

  Baseline, n (%) 26 (60)

  Diary, M days (%) 3.80 (8)

Alcohol Use

  Baseline, n (%) 42 (95)

  Diary, M days (%) 8.86 (20)

Marijuana Use

  Baseline, n (%) 32 (73)

  Diary, M days (%) 11.64 (26)

Other Illicit Drug Use

  Baseline, n (%) 15 (34)

  Diary, M days (%) 1.45 (3)

Cigarette Use

  Baseline, n (%) 23 (52)

  Diary, M days (%) 8.75 (19)

Note. M = mean. SD = standard deviation. n = number of participants. Mean days endorsed refers to the number of days a variable was endorsed 
during the 60 daily diary days. Percent days endorsed was calculated based on the number of days the construct was endorsed divided by the 
number of days the construct was completed and not missing. Number of participants endorsed refers to the number of participants in the final 
sample that endorsed the construct at baseline.
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