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Abstract 

Harmful alcohol consumption can significantly compromise adherence to antiretroviral therapy 

(ART). Prior research has identified aggregate relationships between alcohol use and ART non-

adherence, largely relying on concurrent assessment of these domains. There is relatively limited 

evidence on more nuanced day-level associations between alcohol use and ART non-adherence, 

despite potentially important clinical implications. We recruited adults with HIV treatment 

adherence challenges and harmful alcohol use (n=53) and examined relationships between 

alcohol use and same and next day ART adherence, accounting for the role of weekends/holidays 

and participant demographics, including gender. Results demonstrated that weekends/holidays 

were significantly associated with worse same day ART adherence. Next day adherence was 

significantly worse in the context of weekend alcohol use and among men. These results suggest 

the importance of tailoring intervention strategies to support ART adherence during weekend 

drinking and for men engaged in heavy episodic drinking.   
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Introduction 
 

With the largest number of people living with HIV (PLWH) globally, adherence to 

antiretroviral therapy (ART) is a key public health priority to achieve viral suppression and 

reduce ongoing transmission in South Africa (1,2). Alcohol use is a well-established risk factor 

for non-adherence to ART among PLWH (3,4,5). In a meta-analysis of 40 studies, people who 

drank alcohol at harmful or hazardous levels, defined as a quantity or pattern of alcohol 

consumption likely to put patients at risk for adverse events (6), were half as likely to be 

categorized as sufficiently adherent to ART compared with those who drink at lower levels and 

non-drinkers (7). Harmful or hazardous alcohol use is prevalent among PWLH in South Africa, 

where 25-32% of patients accessing HIV treatment at public clinics drink in this manner (8,9). 

With studies showing that hazardous/harmful alcohol use is associated with poor ART adherence 

(10) and viral non-suppression (11) among PLWH in South Africa, reducing alcohol use among 

PLWH represents a key intervention target for improving HIV treatment outcomes in South 

Africa. 

The design of interventions aiming to improve ART adherence among PLWH using 

alcohol are limited by a lack of nuanced information on the relationship between alcohol use and 

daily adherence. Studies typically measure both alcohol use and adherence in aggregate and 

retrospectively at discrete time-points (12,13) using time scales that range from one month to one 

year (14). Such an approach allows for a good understanding of the aggregate relationship 

between alcohol use and ART non-adherence and has led to the development of interventions 

that help individuals reduce overall alcohol use and remember to take ART while actively 

drinking (15). However, aggregate data do not allow for an understanding of how patterns of 

alcohol use and non-adherence map onto each other, which may have implications for the timing 
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and content of intervention sessions. There is evidence that alcohol consumption has next day 

effects on mood and memory (16,17), constructs that are important for medication adherence 

(18,19). There is also prior evidence from the United States that substance use has a negative 

effect on next day pre-exposure prophylaxis (PrEP) adherence (20). Additionally, patterns of 

drinking and adherence are known to differ on weekends or holidays as compared to weekdays 

across many contexts, including South Africa (21-25). Prior research in the United States has 

found that overall higher average alcohol use is associated with worse average ART adherence 

on the weekends (26). Understanding whether drinking has effects on ART adherence that 

extend beyond the immediate drinking occasion to the next day (and the alcohol quantities at 

which these effects begin to occur and for whom) and whether weekends or holidays are times at 

which some PLWH are especially vulnerable to non-adherence while drinking could help 

facilitate more adaptive and individualized intervention strategies in the longer term (27).  

Event-level analysis, an approach commonly used to understand the relationship between 

substance use and instances of risky sexual behavior (28,29), has helped start to better describe 

the relationship between alcohol use and HIV medication adherence (30,31). However, only one 

study on the event-level study on the relationship between alcohol use and adherence has been 

conducted in South Africa (31), and no studies that we are aware of have been conducted using 

an objective measure of adherence. Relying on self-report adherence data in these studies may 

limit the accuracy of prior estimates (32,33). Moreover, no prior event-level studies have 

examined whether there is a difference in the relationship between alcohol use and adherence on 

weekends or holidays, despite potential implications for interventions. 

The present study uses an event-level approach and objective real-time adherence 

monitoring assessment, Wisepill, to understand nuanced relationships between the timing of 
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alcohol use and ART non-adherence. Specifically, we test the hypotheses that consuming a 

greater quantity of alcohol on a particular day reduces the odds of ART adherence on 1) that 

same day and 2) the next day, after accounting for whether it is a weekend or holiday and key 

demographic characteristics associated with alcohol use, namely age and gender.  

Methods 

This study uses data from a randomized controlled trial (RCT) conducted in a primary 

care clinic with integrated HIV services in Cape Town, South Africa focused on reducing 

substance use and improving ART adherence (15). Participants in the parent RCT (N=61) were 

recruited via clinic records and staff referrals based on the following criteria: (1) HIV positive 

and on antiretroviral therapy (ART); (2) 18-65 years old; (3) at least moderate alcohol or drug 

use severity on the WHO Alcohol, Smoking, and Substance Involvement Screening Test (WHO-

ASSIST (34) as well as ART non-adherence in recent months. Complete inclusion and exclusion 

criteria are available in [redacted for peer review] (15). For this analysis, we include participants 

(n=53) from the parent study who reported moderate or high-risk alcohol use at the time of 

screening and for whom day-level alcohol use data were available at baseline. There were no 

significant differences in age, WHO-ASSIST, or average adherence between the current sample 

and the parent sample. The proportion of women in the current sample was significantly lower 

than in the parent study. However, we controlled for gender in our models.   

Procedures  

All data for the current study were collected before participants were randomized and 

received any intervention in the parent RCT. At the end of the baseline visit, participants provided 

demographic data and were given a real-time electronic adherence monitoring device to monitor 

daily use of ART for two weeks. Participants were provided instructions on how to use the device 
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and instructed to store ART in the device throughout the course of the study. Two weeks after the 

baseline visit, participants returned for randomization visits, at which they provided alcohol use 

data for the prior fourteen days.  

Measures  

WHO-ASSIST. The WHO-ASSIST is a self-report assessment of lifetime and past three-

month alcohol and drug-related problems (34). The WHO-ASSIST has defined risk categories 

for alcohol use (≥27 high risk, 11-26 moderate, 0-10 low). Past three-month WHO-ASSIST 

score was used for inclusion into this study from the parent study.  

ART adherence. Wisepill, a real-time electronic adherence monitoring device, was used 

to measure daily ART adherence (35). The Wisepill electronically records each time it is opened 

and once daily whether the device is functional, data that it transmits in real time to a server via 

cellular signal. Days were defined as 24-hour periods from midnight (i.e., 00:00am) to 23:59 pm 

the following day. Participants were considered adherent to a dose within a day if their Wisepill 

was opened two hours before or after a pre-specified target dosing time. Participants were 

considered adherent on a day if they adhered to all doses within a day (e.g. taking one of two 

doses on a day would be coded as non-adherent). We examined possible differences in alcohol 

use, adherence, and demographics between participants with one (n=40) and two (n=13) dosing 

times (i.e., on first- or second-line treatment) using chi-square or t-tests and a Bonferroni 

correction for multiple comparisons (36). We found no significant differences so participants 

with one and two dosing times were combined in analyses.    

Number of standard drinks consumed daily. Quantity of alcohol use consumed each day 

was retrospectively measured using the Timeline Follow-Back (TLFB) method (37), which has 

been widely used in South Africa (38). A research assistant showed the participant a printed 
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calendar and asked them to recall their drinking days, as well as quantity and brand or type of 

alcohol they consumed during each drinking day. Local bottles of alcohol were displayed to help 

aid participant recall for quantities and brands. Percent alcohol by volume for each type of 

alcohol was then extracted from publicly available sources. Using the following formula, we 

standardized the data (quantity consumed of alcohol A X alcohol by volume of Alcohol A). 

Standardized drinks were summed across types of alcohol to calculate total standard drinks for 

each drinking day. From these standardized data, mean number of drinks consumed during the 

study period were calculated for each participant.  

Demographic characteristics. Participant age, gender, and race were recorded at the time 

of screening. Women were coded as 0 and men were coded as 1.  

Analytic Sample and Data Analysis 

Temporal relationships between alcohol and adherence variables within this sample are 

visualized with example data in Figure I.  Extracted data totaled 685 days, an average of 11.9 

days per participant. Participants’ baseline or randomization visit days were excluded due to the 

possible impact that study visits may have on alcohol use and adherence. Twenty-three days 

(3.4% of total days) on which the Wisepill had failed were then excluded, resulting in 662 usable 

days within the analytic sample. Using a standard twelve-month calendar and a list of South 

African holidays, each date was coded as a weekend/holiday or as a weekday/non-holiday. 

Fridays were coded as weekends as most target dosing times in this sample were in the evening.  

All analyses were conducted using R version 3.5.1. Descriptive statistics were calculated 

to characterize the sample and variables of interest, including number of drinks consumed on a 

day and the weekend/holiday construct, were examined for collinearity, with none correlated 

above r = .30. We then conducted event-level analyses. For model 1 (relationship between 
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alcohol use and same day adherence), number of drinks consumed on a given day was the 

primary predictor of interest. To disentangle within and between person effects, number of 

drinks was person mean centered with positive values indicating consumption of more drinks 

than a participant’s own average (i.e., the within person effect). Mean quantity of alcohol use 

across the period was included to account for between person effects, as were a priori covariates 

of grand mean centered age, gender, and whether a given day was a weekend or holiday (vs. 

weekday). A random intercept was used. Predictors and covariates were treated as fixed effects, 

as has been done previously in event-level analyses of the relationship between alcohol use and 

healthy behaviors (31,39).  After running models without interactions, we added interactions 

between number of drinks and gender, age, and weekend/holiday (21,40,41). All interactions 

were modeled simultaneously because prior research suggests that gender, age, alcohol 

consumption, and weekend/holiday behavior are all interrelated (42,43,44). To probe significant 

interactions, we conducted post-hoc comparisons of the probability of adherence at specified 

numbers of drinks with the additional grouping factor (e.g., gender) using the lsmeans package 

and a Tukey correction for multiple comparisons (45). To examine interactions, drinks were 

categorized into 0, 5, 10, 15, and 20 drinks, which aligns with alcohol consumption terminology 

that defines a binge as five or more drinks on one occasion (46). In the case of multiple 

significant interactions, we also examined relevant three-way interactions. 

To analyze model 2, which examined the relationship between alcohol use and next day 

adherence, the last observation was removed because next day adherence would have occurred 

on the day of the randomization visit, resulting in sub-sample of 612 participant days. Number of 

standard drinks on the day prior to the adherence measurement was the primary predictor of 

interest and was person mean centered. We included mean quantity of alcohol use across the 
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period, grand mean centered age, gender, and whether adherence was measured on a weekend or 

a holiday. In addition, we controlled for alcohol use on the same day adherence was measured to 

isolate the effects of prior day use on adherence. We included a random intercept, with other 

predictors and covariates treated as fixed effects. We then included interactions using the same 

methods as for model 1. 

We used an autoregressive correlation structure to be able to account for inclusion of both 

alcohol use on the day before and the day on which adherence was measured in model 2. We 

used the glmmPQL function in specifying our models, which allows for binary outcomes and 

autoregressive correlations (47,48). Models 1 and 2 used the same approach to allow for model 

comparisons. To ensure this approach was appropriate for model 1, we also conducted model 1 

analyses using the glmer function. No differences between functions were observed for model 1.  

Results  
 

Across participants, the mean age was 37.4 years (SD=9.3). Participants were 

predominantly (98.1%) Black African and 47.2% female. At screening, the mean WHO-ASSIST 

score for alcohol was 25.8 (SD=6.7), indicating an average of moderate to high alcohol risk in 

the sample. Across study days, including both weekdays and weekends, participants drank an 

average of 1.72 drinks per day (SD=4.03); women drank an average of 1.52 drinks per day 

(SD=1.50) and men drank an average of 1.91 drinks per day (SD=2.31). Participants drank on an 

average of 2.8 days per week (SD=2.6). Average number of drinks consumed on drinking days 

was 7.41 (SD=3.63). Average number of drinks consumed on weekends (Fri-Sun) or holidays 

was higher than on weekdays (Mon-Thurs) or non-holidays, with an average of 2.84 (SD=5.0) on 

weekends or holidays and an average of 0.70 (SD=2.5) on weekdays or non-holidays. Average 

percentage of adherent days across the sample was 47%. Adherence was on average lower on 
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weekends, with average percent of adherent days on weekends or holidays of 37.6%, and an 

average percent of adherent days on weekdays or non-holidays of 52.7%. Please see Table I for 

detailed characteristics of the sample. 

Table II presents the results of model 1, without and then with interaction terms included. 

In the main model, number of drinks consumed (above one’s own average) was not related to 

same day ART adherence (β=-0.04, aOR=0.96, 95% CI: 0.92-1.01, p=0.14). However, when a 

day was a weekend or holiday, the odds of ART adherence was less than half than that of a 

weekday (β=-0.87, aOR= 0.42; 95% CI: .29-.61; p<0.001). No other covariates were statistically 

significant. In the model with the interaction terms included, results were almost identical. 

Number of drinks consumed (above one’s own average) was not related to same day ART 

adherence (β=-0.07, p=0.44). However, when a day was a weekend or holiday, the odds of ART 

adherence was reduced (β=-0.88, p<0.001). No other covariates or interaction terms were 

statistically significant.  

Table III presents the results of model 2, examining the relationship between alcohol use 

and next day ART adherence, without and then with interaction terms included. In the main 

model, each drink (above one’s own average) reduced the likelihood of next day adherence by 

5% (β = -0.05, aOR= 0.95; 95% CI 0.90- 1.00; p=0.04). Weekends/holidays also reduced the 

likelihood of next day adherence by almost half (β = -0.46, aOR= 0.63; 95% CI 0.43- 0.93; 

p=0.02). Each drink above one’s own average also reduced the likelihood of same day adherence 

by 9% in this model (β = -0.10, aOR= 0.91; 95% CI 0.86- 0.96; p<0.001). No other covariates 

were statistically significant. When including interaction terms in the model, there was almost no 

change to the effect of weekend/holiday on next day adherence or of drinks above one’s own 

average on same day adherence. After including interaction terms, the effect of each drink above 
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one’s own average appeared to increase the likelihood of next day adherence (β = 0.25, 

p=0.001).  

However, there were two significant interactions related to next day adherence in model 

2, between 1) number of drinks consumed and weekend/holiday; and 2) number of drinks 

consumed and gender. Figure II depicts the interaction in which weekend/holiday moderates the 

relationship between alcohol use and next day adherence. For 5 (t= 2.04, padj= 0.003), 10 (t= 

3.44, padj= 0.005), 15 (t= 4.83, padj= 0.008), and 20 drinks (t= 6.23, padj= 0.01) consumed above 

own’s average, next day adherence was significantly lower if the next day was a 

weekend/holiday relative to a weekday/non-holiday. There was no significant difference in next 

day adherence between weekends/holidays (vs. weekdays/non-holidays) if a participant did not 

drink 5+ drinks more than their average. The second interaction, in which gender moderated the 

relationship between alcohol use and adherence, is depicted graphically in Figure III. At fifteen 

drinks above own’s average there was a significant difference in next day adherence between 

male and female participants (t=  4.54, padj=0.04), such that next day adherence was worse for 

men. A similar pattern was noted for twenty drinks above one’s own average (t= 5.80, padj= 

0.03). In both figures, graphed lines depict relative probabilities of next day adherence and do 

not indicate that next day adherence was increasing along with alcohol use for either women or 

weekdays/non-holidays, only that the probability of next day adherence was higher for women 

than men and higher for weekdays/non-holidays than weekends/holidays at the specified number 

of drinks. A three-way interaction between drinks, gender, and weekend/holiday was not 

statistically significant.  

Discussion  
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 Our findings underscore the importance of more nuanced examinations of the 

relationships between alcohol use and ART nonadherence.  Findings pont to the potential value 

in examining not only same day but also next day effects of alcohol use on ART non-adherence 

in addition to aggregate effects, as well as distinguishing between weekend and weekday use. 

Our findings suggest that both the day on which drinking takes place and the gender of an 

individual affect the event-level relationship between alcohol use and ART non-adherence. We 

found that weekends and holidays may be particular times of risk for both same day and next day 

ART non-adherence while consuming alcohol. We also found that a greater number of drinks 

consumed was associated with lower odds of next day ART adherence, but only among male 

participants consuming large quantities of alcohol. These findings support and extend previous 

work that has documented patterns of higher average alcohol use and worse adherence on 

weekends (21-26) by linking specific instances of alcohol use and ART non-adherence on 

weekends. Findings also add greater nuance to prior self-report event-level research in South 

Africa that found alcohol use can affect next day ART adherence (31), by highlighting 

differences among men and women. These findings could provide preliminary work for future 

studies aiming to tailor existing alcohol use and adherence interventions to directly address 

weekend risk of non-adherence while drinking and adherence among men using alcohol.   

  Overall, findings suggest a strong relationship between alcohol use during 

weekends/holidays and ART non-adherence. Though participants in this sample on average 

drank more and had lower adherence on weekends (compared to weekdays), a finding consistent 

with the literature in both South Africa and other contexts (20,49), the number of drinks 

consumed on a day and the weekend/holiday constructs were not highly correlated in this 

sample. Moreover, the weekend/holiday construct controlled for alcohol consumption in our 
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models. This suggests that weekends/holidays impact adherence through mechanisms other than 

just increased alcohol use on weekends or holidays. There are several possible explanations for 

how weekends/holidays may negatively impact adherence unrelated to alcohol use. Several 

known barriers to ART adherence that may be unrelated to alcohol use, such as traveling away 

from home or routine changes, are more likely to occur on weekends or holidays (50,51). 

Participants may have also intentionally not taken ART during the weekends, a practice known 

as “weekending” and for which we did not have a measure (26). In addition to the fact that 

individuals may not adhere for reasons other than alcohol use on a weekend or holiday, behavior 

may also differ while drinking the night before a weekend or a holiday as compared to the night 

before a weekday or non-holiday. It is possible that participants were proactive about plans to 

take ART the next day when they knew they would be drinking large quantities of alcohol during 

the week, due to existing responsibilities or other external weekday reminders to cue them 

(52,53). Instead of drinking individually or with one other person, participants may also have 

been more likely to be drinking in groups, a social context that may undermine individual 

adherence plans, on days preceding weekends or holidays, though context for drinking was not 

something which was systematically recorded or for which we accounted. Testing these potential 

mechanisms will be important to explore in future research. Notably our findings are from Cape 

Town in the Western Cape and results may differ from those in rural areas or from other cities in 

South Africa, as epidemiological studies have reported regional differences in alcohol use within 

South Africa (54).  

It is well documented that men across South Africa are at higher risk than women for 

ART non-adherence (55–57). Our findings suggest that, when drinking large quantities of 

alcohol (e.g., 15-20 drinks above one’s own average), men may be at greater risk of non-
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adherence the next day. Prior work in South Africa (31), though finding a significant event-level 

relationship between alcohol use and next day adherence, did not find a significant relationship 

between gender and adherence outcomes. However, these authors note that they had an uneven 

proportion of men and women in their sample and used self-reported adherence, which may have 

influenced findings. In our study, it is important to note that drinks on a given day were 

measured relative to each person’s own average and men reported higher average drinking than 

women in this study overall. This may help explain why men had worse adherence outcomes 

than women after consuming similar amounts of alcohol relative to their average, as they may 

still be consuming greater quantities of alcohol overall on a given day if their average is higher. 

Prior research has also identified that in general men are less likely to be engaged in HIV care 

then are women (58), which may further contribute to worse ART adherence in the context of 

alcohol use. Lastly, we hypothesize that gender roles may have influenced this relationship. The 

lower ART adherence among men drinking large quantities of alcohol in our sample may reflect 

other research demonstrating that men are more likely than women to drink in groups, which 

may be social contexts that undermine individual adherence plans (59). Specifically, prior 

qualitative research in South Africa identified that drinking in a group fulfills a psychosocial 

need for men and that binge-drinking together with other men is seen as “respectable” in the 

Western Cape of South Africa (59). In contrast, women may be less likely to drink heavily in this 

group social context, and thus women may experience fewer disruptions to adherence. 

Understanding the degree to which differences in risk for non-adherence while drinking among 

men and women may generalize outside of Cape Town and the Western Cape is necessary. 

Differences in household responsibilities for men and women could also impact adherence, with 

domestic and childcare duties that are more typically held by women in South African 
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communities helping provide structure for female adherence even following binge drinking (24, 

60). Although the three-way interaction we tested between gender, the weekend/holiday 

construct, and number of drinks consumed was not significant, likely due to the size of our 

sample, this will be important to test in future work with a larger sample.    

 Our findings have potentially important clinical implications. For example, it may be 

appropriate to design studies that shift intervention delivery to on or before the weekend for 

participants who struggle with weekend adherence to assess if this better supports adherence 

outcomes. Notably, PLWH have expressed an interest in adherence-related interventions being 

offered on the weekend in prior studies (61,62).  Our findings also support the  potential 

relevance of behavioral activation as a clinical intervention for people with adherence challenges 

related to alcohol, as weekend patterns of drinking and adherence could be targeted through 

activity monitoring and scheduling (63,64). The additional value of other intervention 

components, for instance text message reminders to take ART, among men who engage in heavy 

episodic drinking could also be explored (65). In general, interventions aiming to improve ART 

adherence and reduce heavy episodic drinking among men represent an important future area of 

research. This future work may build on existing masculinity-focused interventions in South 

Africa that improve alcohol outcomes but have not yet incorporated HIV outcomes (66). In 

tailoring these interventions to incorporate HIV outcomes, attending to issues of masculinity and 

cultural norms and how identity and culture influence the relationship between alcohol use and 

non-adherence will be important.      

Limitations  

 Findings must be interpreted in the context of study limitations. Even with an objective 

measure of ART adherence such as Wisepill, which is a strength of this study, Wisepill non-use 
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can be conflated with non-adherence, thus may be an underestimate of ART adherence. 

However, participants were given clear instructions on how to use the device at the time of 

enrollment and data examined in this study date from a two-week window after enrollment in the 

study, likely minimizing device non-use. A second limitation is that alcohol use was assessed 

retrospectively using self-report data. More objective biomarkers of alcohol consumption could 

potentially be considered for further studies of the event-level relationship between alcohol use 

and ART adherence; however, their feasibility in a community-based sample would have to be 

explored (67). Alcohol data was also collected at the day-level, meaning we could not 

differentiate between the impacts of drinking at 2 am versus at 8 pm on dosing on a given day, 

which may explain why the same day effects of alcohol use on ART adherence were non-

significant or weak in our sample. An ecological momentary assessment design offers one 

potential future option to examine the impact of timing of drinking on adherence (68). Additional 

limitations include the relatively small sample size and relatively short number of days between 

baseline and randomization in the parent trial. However, a 14-day study period has often been 

used in prior event level research and the use of repeated timepoints with a relatively small 

sample increases power (28,29). Additionally, this study only aimed to examine the relationship 

between alcohol use and ART adherence, not viral suppression. This decision was in part due to 

the short time frame of this study, as changes in viral load would not be observable based on 

daily adherence fluctuations and are only observable after a much longer time period (69,70). 

However, examining more nuanced relationships between alcohol use and viral suppression over 

time is an important next step of this research.   

Conclusions  
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 Improving ART adherence among PLWH using alcohol is an important public health 

goal in South Africa. Further understanding nuances in the relationship between alcohol use and 

non-adherence could generate findings critical to refining alcohol and ART adherence-focused 

interventions. Current findings particularly highlight weekends and holidays as potential high-

risk periods for non-adherence, likely both due to alcohol use and otherwise, as well as a risk for 

non-adherence among men following instances of binge drinking. Findings suggest that testing 

tailored intervention strategies to support ART adherence during weekend drinking and for men 

engaged in heavy episodic drinking would be important areas of future intervention work.  
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Table I: Participant Descriptive Statistics (n=53) 

 
Characteristic n % Mean SD 

Demographics 
Gender     
    Woman 25 47.17   
    Man 28 52.83   
Age   37.39 9.22 
Black African 52 98.11   

Alcohol Risk and Use 
WHO-ASSIST at screening   25.80 6.66 
Number of drinks per day   1.72 4.03 
Number drinks per day 
(women) 

  1.52 1.50 

Number drinks per day 
(men) 

  1.91 2.31 

Number of drinks per 
weekday (Mon-Thurs) 

  0.70 2.52 

Number of drinks per 
weekend day (Fri-Sun) 

  2.84 4.97 

Number of drinking days in 
period 

  2.82 2.64 

Number of drinks on 
drinking days 

  7.41 3.63 

Adherence 
Adherent days in sample  311 47.0%   
Weekdays in sample 355    
Adherent days on weekdays 187 52.7%   
Weekend days in sample 330    
Adherent days on weekend 
days 

124 37.6%   

Treatment target time(s)     
    One 40 75.47   
    Two 13 24.53   
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Table II: Multilevel model examining the relationship between number of drinks above one’s own mean and ART adherence on the 
same day controlling for mean drinks, timepoint, age, gender, and weekend/holiday 
 
 Main effects Incorporating interactions 
 β Standard 

error 
p-value Adjusted 

odds 
ratio 

95% 
CI 

β Standard 
error 

p-value Adjusted 
odds ratio 

95% CI 

Time-varying factors 
Timepoint -0.04 0.03 0.28 0.97 0.91-

1.03 
-0.04 0.03 0.25 0.96 0.90-1.03 

Number of drinks -0.04 0.03 0.14 0.96 0.92-
1.01 

-0.07 0.07 0.44 - - 

Weekend/holiday -0.87 0.19 <0.001* 0.42 0.29-
0.61 

-0.88 0.20 <0.001* - - 

Time-invariant factors 
Mean drinks 
(TLFB) 

0.02 0.13 0.87 1.02 0.79-
1.32 

0.02 0.13 0.90 1.02 0.79-1.32 

Age 0.03 0.03 0.25 1.03 0.97-
1.09 

0.03 0.03 0.31 - - 

Gender - Man -0.60 0.52 0.25 0.55 0.19-
1.55 

-0.61 0.52 0.25 - - 

Interactions 
Number of drinks 
X 
Weekend/Holiday 

- - - - - -.01 0.07 0.85 - - 

Number of drinks 
X Age 

- - - - - -0.001 0.003 0.74 - - 

Number of drinks 
X Gender 

- - - - - 0.08 0.07 0.21 - - 
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Table III: Multilevel model examining the relationship between number of drinks above one’s own mean and ART adherence on the 
following day controlling for next day number of drinks, mean drinks, timepoint, age, gender, and if next day is weekend/holiday 

 
 Main effects Incorporating interactions 
 β Standard 

error 
p-value Adjusted 

odds ratio 
95% 
CI 

β Standard 
error 

p-value Adjusted 
odds 
ratio 

95% CI 

Time-varying factors 
Timepoint -0.04 0.04 0.37 0.96 0.89-

1.04 
-0.04 0.04 0.37 0.96 0.88-1.05 

Prior day number 
of drinks 

-0.05 0.03 0.04* 0.95 0.90-
1.00 

0.25 0.08 0.001* - - 

Same day number 
of drinks 

-0.10 0.03 <0.001* 0.91 0.86-
0.96 

-0.11 0.03 <0.001* 0.90 0.85-0.94 

Weekend/Holiday -0.46 0.20 0.02* 0.63 0.43-
0.93 

-0.64 0.21 0.002* - - 

Time-invariant factors 
Mean drinks 
(TLFB) 

-0.11 0.15 0.48 0.90 0.67-
1.21 

-0.08 0.15 0.62 0.93 0.68-1.26 

Age 0.03 0.03 0.41 1.03 0.96-
1.10 

0.02 0.03 0.47 - - 

Gender - Man -0.67 0.59 0.27 0.51 0.15-
1.69 

-0.76 0.62 0.23 - - 

Interactions 
Prior day number 
of drinks X 
Weekend/Holiday 

- - - - - -0.28 0.08 <0.001* - - 

Prior day number 
of drinks X Age 

- - - - - 0.002 0.003 0.57 - - 

Prior day number 
of drinks X 
Gender 

- - - - - -0.25 0.08 0.001* - - 
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Figure Captions 
 
Figure I: Example Timeline Follow-back showing temporal relationship between standardized 
alcohol data and adherence data for Model 1 (solid lines) and Model 2 (dashed lines).  
 
Figure II: Relative probability of next day adherence predicted by model for number of drinks 
consumed above one’s average on a weekend/holiday as compared to a weekday/non-holiday, 
with significant differences between weekends/holidays and weekdays/non-holidays at that 
number of drinks labeled with an asterisk.  

Figure III: Relative probability of next day adherence predicted by model for number of drinks 
consumed on a day above one’s own average for men as compared to women, with significant 
differences between men and women at that number of drinks labeled with an asterisk.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


