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Abstract 

Assessing differential loss to follow-up and future implementation of a sexual health app 

intervention for men who have sex with men: a secondary survival analysis of a randomized 

control trial 

 

By: Noah Mancuso 

 

Introduction: Over the past ten years, the United States has seen an increase in sexually 

transmitted infections (STIs) and in HIV diagnoses among men who have sex with men (MSM) 

aged 25-34 and Hispanic/Latino MSM. mHealth interventions may offer a unique opportunity to 

provide necessary coverage of multiple primary intervention services, but there are concerns 

about equitable access. Studying loss to follow-up (LTFU) is important to understand potential 

selection bias in mHealth studies and to guide future implementation efforts of these 

interventions.  

 

Methods: This is a secondary analysis of data collected from MSM in the M-Cubed trial in 

Atlanta, Detroit, and New York City from January 2018 to October 2019. A bias analysis was 

first conducted to assess potential differential LTFU in trial participants using predictors 

identified from the literature. An implementation assessment was then conducted among MSM 

who used the M-Cubed app (e.g., the intervention arm) using the e-commerce acceptance model 

(EAM). In both analyses, multivariate Cox regression models were used to evaluate associations 

with LTFU.  

 

Results: In the bias analysis, 1,226 MSM were included with an average survival in the trial of 

251 days. LTFU did not significantly differ between the intervention arm (17%, n=102) and the 

control group (18%, n=111). Three baseline variables were found to significantly modify the 

effect of randomization on survival: education level, employment status, and 3-month HIV 

testing history. Time-varying alcohol use also modified the association. A total of 611 MSM 

were included in the implementation assessment. In the final implementation model, LTFU was 

significantly associated with internet use, and there was significant interaction by mental health 

on both the relationship between internet use and LTFU and the relationship between medical 

mistrust and LTFU.  

 

Discussion: mHealth interventions have the potential to improve sexual health promotion and 

overcome barriers to the continual engagement needed for STI and HIV prevention. To develop 

an unbiased understanding of the impact of these mHealth interventions, we need to assess 

differential LTFU in trials. To improve future uptake of mHealth technologies, researchers 

should focus on reducing intervention burden, improving trust in healthcare and mobile 

technology, and concurrently addressing alcohol abuse and mental health. 
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Introduction 

In the United States (US), there has been an alarming increase in reported sexual transmitted 

infections (STIs) – which potentiate HIV infection – over the past ten years, especially among 

gay, bisexual, and other men who have sex with men (MSM) (1). HIV diagnoses have also 

increased among individuals aged 25-34 years and among Hispanic/Latino MSM, despite the 

Ending the HIV Epidemic in the US initiative’s goal of reducing HIV diagnoses by 90% by 2030 

(2–4). These trends in STI and HIV diagnoses reflect national trends of increased sexual risk 

behavior and decreased reported condom use among MSM (5–7). 

 

Although a range of STI and HIV prevention methods exist, uptake of these tools has been sub-

optimal. National surveys show only about half of MSM test annually for HIV (6) and even 

fewer test annually for STIs (8), despite CDC recommendation for screening at least every 6 

months for STIs (9) and at least every 12 months for HIV – and more frequently for those at 

increased risk (10). Additionally, there is a large underuse of pre-exposure prophylaxis (PrEP) 

among MSM, with only about a third of those indicated currently taking PrEP (11). mHealth 

interventions may offer a unique opportunity to provide the necessary coverage of multiple 

primary HIV prevention services to MSM, and taking services out of clinical settings might 

reduce stigma-related barriers to using STI and HIV services (12–16).  

 

mHealth interventions have been increasingly used to try to address STI and HIV needs, but 

most studies have been small pilots with little focus on participant attrition (15,17–22). There is 

concern about equitable access and willingness to use these mHealth interventions, which may 

further exacerbate the current disparities in HIV and STI burden among racial/ethnic minorities, 
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young MSM, and MSM in the South (2,23–25). Studying attrition in trials of mHealth 

interventions is important for at least two reasons: first, differential loss to follow-up may induce 

selection bias in the results of a trial. Second, to the extent that factors associated with 

vulnerability to HIV are related to attrition of apps outside of trial settings, those at high risk for 

HIV might be less likely to persist in app use, threatening the health impact of an efficacious app 

in the implementation phase. Predictors of interest in studying attrition related to app use in a 

research trial of an mHealth intervention include age, socioeconomic status (SES), race/ethnicity, 

substance use, mental health, and previous healthcare engagement (26–33). Beyond randomized 

controlled trials, many challenges persist in the translation of  mHealth research into practice as 

evidenced by the fact that no NIH-funded sexual health apps have become available to the 

general public yet (34). Impactful implementation of mHealth interventions to promote HIV and 

STI testing will require a better understanding of uptake and persistence in use among different 

populations, and continued funding to ensure sustained use given the frequency of testing 

recommendations for most MSM. 

 

The Mobile Messaging for Men (M-cubed) randomized control trial was an mHealth intervention 

that showed efficacy in improving engagement with STI and HIV prevention methods among 

MSM in the US (35,36). In this analysis, we sought to conduct a bias analysis to describe 

attrition among all MSM, regardless of allocation to the intervention, in the M-cubed study to 

better understand potential differential loss of certain participant groups over time. We then used 

an implementation science framework for mobile technology adoption to provide insight into app 

uptake among MSM allocated to the intervention arm to guide future scale-up of the app. It is 

important to understand which MSM are more likely to stop engaging with mHealth 
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technologies, when they disengage, and associated factors to implement more effective STI and 

HIV prevention programming. 
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Methods 

Study Design 

This is a secondary analysis of data collected from MSM enrolled in the M-cubed randomized 

controlled trial from January 24, 2018 to October 31, 2019 in Atlanta, Detroit, and New York 

City (35,36). The trial was registered at ClinicalTrials.gov prior to the start of enrollment 

(NCT0366624). The M-cubed study collected informed consent in person at study enrollment 

and then randomized eligible MSM 1:1 to either receive an app intervention immediately or to be 

wait-listed in a control group that received app access after final outcome assessments at nine 

months post-randomization. The M-cubed app incorporated sexual health messaging into written 

content and videos (37). It allowed app users to screen for HIV and STI risk, screen for 

eligibility of PrEP and non-occupational post-exposure prophylaxis (nPEP), schedule reminders 

for routine testing, and order free commodities like at-home STI and HIV test kits, condoms, and 

lubricant. Self-reported data on demographics, testing history, risk behaviors, mental health, 

technology use, medical mistrust, and substance use were collected from all participants at 

baseline and at three-month intervals for a total of nine months. Data on app use and commodity 

ordering was collected in-app. Additional methods and primary results from the study have been 

described previously (35,36). 

 

Outcome of Interest 

The outcome of interest in both analyses was loss to follow-up (LTFU), which was defined as 

leaving the study before the end of the planned nine-month follow-up. This was dichotomized 

based on completion of the final month-nine survey. Time to LTFU was a composite variable 

that used the latest date of contact among three data sources: survey completion, app interaction, 
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or self-test kit ordering. For some participants, the 3-month survey intervals were significantly 

delayed, resulting in their final month-nine survey being completed after 12 months; these 

participants were considered as retained in the study as long as they completed the last study 

survey, regardless of the date of that last contact. 

 

Bias Analysis Measures 

Potential predictors of loss to follow-up were identified from the literature and assessed for effect 

modification of the effect of randomization to the app on LTFU. Substance use and mental health  

indicators were collected at baseline and at each three-month follow-up survey. Substance use 

was assessed using both the Alcohol Use Disorders Identification Test (AUDIT) (38) and the 

Drug Use Dependency Identification Test (DUDIT) (39). Mental health was assessed using the 

Centers for Epidemiological Studies on Depression 10-item (CESD-10) scale (40). Other factors 

related to age, SES, race/ethnicity, and prior healthcare engagement were assessed via self-report 

at baseline only. 

 

Implementation Assessment Measures 

The e-commerce acceptance model (EAM) was used to try to understand uptake of the M-cubed 

app among those who received the app at baseline. The EAM, which has been previously used to 

study mHealth technology adoption in the HIV field (41), builds off the Technology Acceptance 

Model by incorporating components of trust and perceived risk into the existing framework of 

perceived usefulness and perceived ease of use (42,43). We hypothesized that factors related to 

the EAM would predict LTFU. In this analysis, trust was assessed using both self-reported 

vaccination history and scores from the Group-Based Medical Mistrust Scale (44). Perceived risk 
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was assessed from self-reported concern for acquiring or transmitting HIV. Perceived usefulness 

was assessed based on self-reported scores for the level of protection that HIV/STI testing 

provides. Perceived ease of use was assessed from a modified technology use scale from the Pew 

Research Center (45).  

 

Statistical Analysis 

All analyses were conducted using RStudio v2022.12.0. The proportional hazards assumption 

was assessed using graphical methods and the goodness-of-fit test with Schoenfeld residuals for 

all time-independent variables. Heaviside functions were used for those variables that did not 

meet the proportional hazards assumption. Multicollinearity was assessed for each model using 

cut-off criteria of condition indices of 30 with variance decomposition proportions of less than 

0.5. If two variables were found to be collinear, the model with the variable most likely to be 

influenced by the intervention was kept. 

 

For the bias analysis, bivariate Cox regression models were used to assess associations between 

predictors of interest and the outcome (LTFU). Multivariate Cox regression models were then 

used to assess for effect modification of the effect of randomization on LTFU using the 

likelihood ratio test. Hazard ratios (HRs) and 95% confidence intervals (Cis) are presented for 

models with significant interaction.  

 

For the implementation assessment, bivariate Cox regression models were used between 

predictors of interest and the outcome in a sample restricted to MSM allocated to the app. Then, 

each domain of the EAM (trust, perceived risk, perceived usefulness, and perceived ease of use) 
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was analyzed using multivariable Cox regression with the predictor of interest, potential 

confounders, and the LTFU outcome. Details of the EAM models are presented in Figure 1. 

Effect modification was assessed using the likelihood ratio test with baseline and time-varying 

substance use (alcohol and drug) and mental health. Potential confounders were then assessed 

against the fully adjusted model of each domain and if no meaningful change in the effect 

estimate was observed (<10%), the potential confounders were removed from the model. 

Adjusted hazard ratios (aHRs) and 95% CIs for the reduced model of each domain are presented. 

A final model was then constructed from domains with significant explanatory value of LTFU 

(p-values < 0.10). aHRs and 95% Cis are presented for the final model.  

  



Results 

Bias Analysis 

A total of 1,226 MSM were included in the bias analysis. The average age was 36 years (sd=12 

years) and over half (53%) had a bachelor’s degree or higher. About 1 in 3 of the participants 

were living with HIV (n=388) and the majority of participants were MSM of color (31% Black, 

non-Hispanic; 16% Hispanic/Latino; 6% Asian and Pacific Islander; 6% Other/Mixed). Mental 

health at baseline was poor, with roughly 1 in 4 MSM screening positive for depression by the 

CESD-10 scale. There were no significant differences in baseline characteristics found between 

the intervention arm and the control group. Additional sample characteristics can be found in 

Table 1. 

 

The average survival time for all participants was 251 days (sd=67 days), and similar proportions 

of MSM were lost to follow-up in both the intervention arm (17%, n=102) and the control group 

(18%, n=111) with a HR of 0.91 [95% CI: (0.70, 1.19)] (Figure 2). In bivariate analyses, MSM 

were less likely to be lost to follow-up if they were over the age of 45 years [(HR=0.62, 95% CI: 

(0.41,0.94)], had an income greater than $75,000 [HR=0.61, 95% CI: (0.38, 0.97)],  had a 

bachelor’s degree [HR=0.57, 95% CI: (0.39, 0.85)] or post-graduate degree [HR=0.45, 95% CI: 

(0.28, 0.70)], or were currently on PrEP/ART [HR=0.75, 95% CI: (0.57, 0.98)]. MSM who 

reported having 5 or more drinks on a typical day at baseline were more likely to be lost to 

follow-up [HR=1.53, 95% CI: (1.03, 2.29)]. In time-varying bivariate analyses, reporting four or 

more sexual partners in the past three months was significantly associated with increased LTFU 

[HR=1.36, 95% CI: (1.01, 1.86)] and PrEP/ART use remained significantly associated with 
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decreased LTFU [HR=0.71, 95% CI: (0.57, 0.89)]. Additional details for the baseline and time-

varying bivariate analyses can be found in Table 2. 

 

Three baseline variables were found to significantly modify the effect of randomization on 

LTFU with the control group being the reference: education level [Some college or below 

HR=0.97, 95% CI: (0.68, 1.38); Bachelor’s Degree HR=0.63, 95% CI: (0.40, 0.99); Post-

graduate Degree HR=0.45, 95% CI: (0.26, 0.79)], employment status [Full-time employment 

HR=0.82, 95% CI: (0.56, 1.19); Part-time employment HR = 0.78, 95% CI: (0.46, 1.33); 

Unemployed HR=1.40, 95% CI: (0.92, 2.12)], and 3-month HIV testing history [No HIV test in 

the past 3 months HR=1.18, 95% CI: (0.83, 1.67); HIV test in the past 3 months HR=0.87, 95% 

CI: (0.56, 1.33)]. One time-dependent variable was found to significantly modify the effect of 

randomization on survival: number of alcoholic drinks in a typical day [1 or 2 drinks HR=0.61, 

95% CI: (0.41, 0.89); 3 or 4 drinks HR=1.02, 95% CI: (0.70, 1.49); 5 or more drinks HR=1.09, 

95% CI: (0.66, 1.81)]. Graphical depictions of these interactions can be seen in Figure 3 with 

additional details in Table 3. 

 

Implementation Assessment 

A total of 611 MSM received the M-cubed app at baseline and were included in the 

implementation assessment. The average age was 36 years (sd=12 years) and over half (56%) 

were employed full-time. About 1 in 3 of the participants were living with HIV (n=194) and the 

majority of participants were MSM of color (32% Black, non-Hispanic; 14% Hispanic/Latino; 

5% Asian and Pacific Islander; 6% Other/Mixed). Mental health at baseline was poor, with 

roughly 1 in 4 MSM screening positive for depression by the CESD-10 scale. More than two-
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thirds of MSM reported drinking alcohol more frequently than monthly at baseline, and more 

than one-third reported using non-prescribed drugs in the past three months at baseline. 

Additional sample characteristics can be found in Table 4. 

 

In bivariate analyses, lower levels of internet use in the past 3 months was the only significant 

predictor of LTFU. Participants who spent 4 or more hours a day on the internet had a hazard of 

LTFU 0.71 [95% CI: (0.51, 0.99)] times that of participants who spent less than 4 hours a day on 

the internet. In multivariable analyses, there was significant interaction by mental health on the 

effect of medical mistrust and on the effect of internet use in the past 3 months. In the EAM 

domain of trust, age remained a confounder of medical mistrust, and both age and race/ethnicity 

remained confounders of vaccination history. In the EAM domain of perceived risk, the number 

of sexual partners, current ART/PrEP use, and education remained  confounders. In the EAM 

domain of perceived usefulness, education and employment remained confounders. In the EAM 

domain of perceived ease of use, age was the only confounder that remained. The EAM domains 

of trust and perceived usefulness were the only domains included in the final model based on the 

prespecified significance level (p-values < 0.10).  

 

In the final model (Figure 4), among those who were not depressed, the hazard of LTFU for 

participants who spent 4 or more hours a day on the internet was 0.43 [95% CI: (0.25, 0.72)] 

times the hazard for participants who spent less than 4 hours a day on the internet. This was 

significantly different than the hazard observed among participants who were depressed 

[aHR=0.72 , 95% CI: (0.39, 1.34)]. The hazard of LTFU among participants with moderate-to-

high mistrust compared to participants with low mistrust was significantly higher among those 



11 
 

who were depressed [aHR=0.53, 95% CI: (0.18, 1.54)] compared to those who were not 

depressed [aHR= 0.31, 95% CI: (0.09, 1.02)]. There were no other significant predictors of 

LTFU or significant interactions in the final model (Table 5).  
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Discussion 

Bias analysis 

We conducted a bias analysis to better understand attrition in the M-Cubed trial: if biases in 

attrition exist overall, it might threaten the validity of the trial results; if biases in attrition exist 

among those allocated to the intervention, it might indicate the mHealth intervention may not be 

equally appropriate or beneficial to all MSM in the US. Our results show differential LTFU 

between the intervention and control group by baseline education level, employment status, and 

history of healthcare engagement. The results also showed differential LTFU by time-varying 

alcohol use. Despite controlling for baseline confounding through randomization, these 

systematic differences in LTFU may have introduced post-randomization confounding and thus 

biased the final reported results in the M-Cubed trial (46–49). This is concerning given the 

established relationship between the identified effect modifiers and many of the sexual health 

and prevention behavior outcomes assessed in M-Cubed (50–55). Further sensitivity analyses 

will need to be conducted to better understand the possible impact of differential LTFU on the 

M-Cubed study findings.  

 

Our results showed significantly less LTFU in the intervention arm compared to the control arm 

for those with higher educational attainment. Education level has been commonly found to 

predict participant attrition in clinical trials using mHealth-based interventions, with higher 

education associated with better retention (30,33,56). Among MSM, higher education is 

associated with increased sexual health testing and knowledge and decreased HIV prevalence 

(50,51,53), which could bias the trial outcomes related to these measures. This is especially 
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important to consider given that the M-Cubed sample was more highly educated than the general 

MSM population in the US.  

 

Our findings showed that employment status significantly modified the association between 

randomization and LTFU, with participants who were unemployed 40% more likely to be lost to 

follow-up in the intervention than in the control arm compared to participants who were full- or 

part-time employed being less likely to be lost to follow-up in the intervention than in the control 

arm. This is consistent with findings from other mHealth and HIV-related studies, which have 

found employment status to be significantly associated with LTFU (29,30,57). Employment 

status has been found to be strongly correlated with HIV risk, especially among racial and ethnic 

minority MSM, with people reporting an unemployment status also reporting higher levels of 

risk for HIV acquisition (52,55,58,59). Trial burden is an often-cited reason for drop-out among 

under- or unemployed trial participants, which may partially explain these results (60,61). Future 

implementation research with the M-Cubed app should ensure that participant burden is low to 

improve uptake and reduce potential biases due to differential LFTU.  

 

We found that previous healthcare engagement, as assessed by self-reported HIV testing history, 

modified the effect of randomization on LTFU. Participants who had tested in the past three 

months were 13% less likely to be lost to follow-up in the intervention arm than in the control 

arm compared to participants who had not tested in the past three months, who were 18% more 

likely to be lost to follow-up in the intervention arm than in the control arm.  These results could 

be expected from participants who had recently tested, because their history of healthcare 

engagement might make them more inclined to stay involved in a health study. Among those 
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without a history of healthcare engagement, it is possible that the control group was more likely 

to remain in the study to get the benefits of the app after the initial 9-month waitlist time was up. 

Participants in the intervention group may have enrolled in the study for these benefits, and after 

initial free testing early in the study they did not see a benefit in remaining involved.  To 

improve future retention, researchers may want to take proactive initiatives to ensure easy and 

accessible engagement with participants who do not have a history of healthcare engagement.  

 

Alcohol use was a time-varying covariate collected every three months throughout the trial, and 

our results show an increase in LTFU in the intervention arm compared to the control arm as 

reported alcohol use increased. Alcohol use has been found to be associated with participant 

attrition in several studies, including mHealth interventions (32,56,62). It has also been shown to 

increase engagement in behaviors that put MSM at risk for HIV and STIs (54,55). Further 

research on mHealth interventions for MSM that addresses both sexual health risk and alcohol 

abuse may be beneficial for improved retention in trials.  

 

Despite other studies finding differences in loss to follow-up by age (26–29,31,57), 

race/ethnicity (32,48,63), and mental health (27,29,57,64), our bias analysis did not find 

significant interaction by these variables which indicates that randomization was successful in 

evenly distributing these characteristics between the intervention and control arm.  

 

Implementation Assessment 

We conducted an implementation assessment to better understand uptake of the M-Cubed app 

via LTFU among participants who received access at baseline. We found that two domains of the 
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EAM, trust and perceived ease of ease, were significant predictors of LTFU. In the domain of 

trust, moderate-to-high medical mistrust was associated with better retention than low-mistrust. 

This effect was significantly modified by mental health, in that the association between medical 

mistrust and LTFU was bigger among those who did not screen positive for depression than 

among those who did screen positive.  In the domain of perceived ease of use, participants who 

reported 4 or more hours of internet use per day at baseline had better retention than participants 

reporting less than 4 hours of internet use per day. This effect was also significantly modified by 

mental health.  These results may guide further development of the app for improved 

engagement and provide insight into potential obstacles to overcome in the translation of this 

research into practice.   

 

Our findings show that among participants who did not screen positive for depression, those with 

moderate-to-high medical mistrust were 69% less likely to be LTFU than those with low medical 

mistrust. This association was significantly different among participants who screened positive 

for depression: those with moderate-to-high medical mistrust were 47% less likely to be LTFU 

than those with low medical mistrust. These findings are contrary to the literature, where higher 

levels of medical mistrust is often associated with less healthcare engagement and lower uptake 

of prevention behaviors (65–68). Because the app intervention allowed for ordering of 

commodities and test kits to a participant’s home and did not include direct face-to-face 

engagement with a healthcare professional, it may have been able to overcome barriers related to 

lack of trust. Studies on the acceptability of HIV and STI self-testing have shown that these self-

directed methods can empower participants, reduce concerns about stigma and privacy, and 

overcome barriers related to mistrust of health institutions (69–72). It will be important to 



16 
 

continue to understand and address the role of medical mistrust in the uptake of mHealth 

interventions – especially among populations impacted by the legacy of medical racism and 

homophobia in the US – while exploring new themes of trust related to online security and 

confidentiality.  

 

We found that for participants who did not screen positive for depression at baseline, those who 

reported using the internet for 4 or more hours a day were 57% less likely to be LTFU than those 

who reported using the internet less than 4 hours a day. This is consistent with the literature on 

facilitators and barriers to mHealth adoption, where increased internet and phone use is 

associated with improved health literacy and mHealth technology uptake (73,74). To improve 

future implementation of mHealth strategies for MSM, researchers should prioritize accessibility 

and usability of interventions for those with low technology use.  

 

In both the domains of trust and perceived ease of use, mental health was a significant effect 

modifier; LTFU was lower among participants who did not screen positive for depression. 

Among those who did screen positive for depression, the increase in LTFU is likely due to the 

higher rate of LTFU among those with depression in the predictor variables. This finding is 

consistent with literature from HIV clinical trials and other mHealth interventions that found 

associations between depression and increased trial attrition (27,29,57,64). The relationship 

between phone and internet use with poor mental health should not be ignored when 

implementing health interventions that rely on these technologies. A focus on addressing mental 

health challenges in addition to improving sexual health may improve future uptake and/or 

impact of the app. 
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Limitations 

This work is subject to several limitations. MSM in the recruited M-Cubed study sample tended 

to have bother higher education and higher baseline HIV testing rates; this represents some 

extent of selection bias compared to MSM in the study cities. The study was also conducted only 

in large US cities. These selection biases limit the external generalizability of our findings 

because attrition may vary in more rural populations. Second, our outcome of LTFU lacked some 

precision because it was based on categorical survey completion at three-month intervals; 

participants may have been LTFU sometime during the interval between surveys. This interval 

censoring may have impacted the magnitude of our effect estimates. Third, in our 

implementation assessment, we used participants in the intervention arm as a hypothetical 

population to which the app would be implemented. However, due to the inability to mask the 

environment and incentives of participation in the RCT, the experiences of participants in the 

intervention arm might not mirror the true experiences of app implementation to the public. 

Specifically, study incentives might lead to an overestimate of persistence of app use, compared 

to implementation of the app in a future program. Fourth, because the app was not developed 

using the EAM framework, we used proxies to evaluate each of the four EAM domains. These 

proxies may not fully capture the effects of trust, perceived risk, perceived usefulness, and 

perceived ease of use. Lastly, the study was conducted prior to the COVID-19 pandemic. It is 

possible that acceptability and use of mHealth technology and self-testing may have changed 

significantly, due to the normalization of virtual healthcare and self-testing practices.  
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Implications 

mHealth interventions have the potential to improve sexual health promotion and overcome 

barriers to the continual engagement needed for STI and HIV prevention among MSM. To 

develop an unbiased understanding of the impact of M-Cubed and other mHealth studies, we 

need to assess differential LTFU and conduct sensitivity analyses based on these findings. To 

improve uptake of mHealth technologies, researchers should focus on reducing intervention 

burden, increasing engagement, improving trust in healthcare and mobile technology, and 

concurrently addressing alcohol/substance abuse and mental health. Implementation science 

needs to be better incorporated into study design to capitalize on the potential of mHealth to 

bridge gaps in health access, reduce STI transmission, and get us the last mile in ending new 

HIV infections.   



 

Figure 1. Directed acyclic graphs (DAGs) showing the predictors (black), confounders (blue), and effect modifiers (green) assessed in 

each domain of the e-commerce acceptance model (EAM) for an analysis of attrition in a study of an mHealth app in Atlanta, Detroit, 

and New York City, 2018-2019.
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Table 1. Baseline characteristics of gay, bisexual, and other men who have sex with men in 

Atlanta, Detroit, and New York City in the M-cubed study, 2018-2019.  

Variable 

Total 

(n=1226) 

Survived 

(n=1013) 

LTFU 

(n=213) 

N (col %) N (row %) N (row %) 

Survival (days)      

Mean (sd) 251 (67.0) 276 (18.8) 134 (86.9) 

Randomization      

Control 504 (49.8%) 504 (82.0%) 111 (18.0%) 

Intervention 509 (50.2%) 509 (83.3%) 102 (16.7%) 

Age at Enrollment (years)      

18-25 235 (19.2%) 184 (78.3%) 51 (21.7%) 

26-35 484 (39.5%) 394 (81.4%) 90 (18.6%) 

36-45 203 (16.6%) 171 (84.2%) 32 (15.8%) 

46+ 304 (24.8%) 264 (86.8%) 40 (13.2%) 

Race/Ethnicity      

White, non-Hispanic 512 (41.8%) 432 (84.4%) 80 (15.6%) 

Black, non-Hispanic 378 (30.8%) 310 (82.0%) 68 (18.0%) 

Hispanic/Latino 191 (15.6%) 153 (80.1%) 38 (19.9%) 

Asian and Pacific Islander, 

non-Hispanic 

74 (6.0%) 61 (82.4%) 13 (17.6%) 

Other
†
 71 (5.8%) 57 (80.3%) 14 (19.7%) 

Income      

$0-$14,999 282 (23.0%) 223 (79.1%) 59 (20.9%) 

$15,000-$29,999 250 (20.4%) 210 (84.0%) 40 (16.0%) 
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$30,000-$49,999 285 (23.2%) 239 (83.9%) 46 (16.1%) 

$50,000-$74,999 214 (17.5%) 173 (80.8%) 41 (19.2%) 

$75,000 or more 183 (14.9%) 159 (86.9%) 24 (13.1%) 

Missing 12 (1.0%) 9 (75.0%) 3 (25.0%) 

Education      

High school graduate or  

GED and below 

176 (14.4%) 132 (75.0%) 44 (25.0%) 

Some college, Associate,  

or Technical Degree 

393 (32.1%) 315 (80.2%) 78 (19.8%) 

Bachelor’s/College Degree 377 (30.8%) 320 (84.9%) 57 (15.1%) 

Any post-graduate studies 277 (22.6%) 244 (88.1%) 33 (11.9%) 

Missing 3 (0.2%) 2 (66.7%) 1 (33.3%) 

Site      

Atlanta 478 (39.0%) 393 (82.2%) 85 (17.8%) 

Detroit 334 (27.2%) 260 (77.8%) 74 (22.2%) 

New York 414 (33.8%) 360 (87.0%) 54 (13.0%) 

Employment      

Employed full-time 696 (56.8%) 582 (83.6%) 114 (16.4%) 

Employed part-time 233 (19.0%) 193 (82.8%) 40 (17.2%) 

Unemployed, unable to work, 

and other 

286 (23.3%) 230 (80.4%) 56 (19.6%) 

Missing 11 (0.9%) 8 (72.7%) 3 (27.3%) 

Insurance      

No 187 (15.3%) 152 (81.3%) 35 (18.7%) 

Yes 1037 (84.6%) 859 (82.8%) 178 (17.2%) 

Missing 2 (0.2%) 2 (100.0%) 0 (0.0%) 

HIV Status      

Negative 838 (68.4%) 684 (81.6%) 154 (18.4%) 
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Positive 388 (31.6%) 329 (84.8%) 59 (15.2%) 

Hepatitis Vaccination      

No 251 (20.5%) 196 (78.1%) 55 (21.9%) 

Yes 794 (64.8%) 667 (84.0%) 127 (16.0%) 

Don’t Know 179 (14.6%) 148 (82.7%) 31 (17.3%) 

Missing 2 (0.2%) 2 (100.0%) 0 (0.0%) 

HPV Vaccination      

No 736 (60.0%) 608 (82.6%) 128 (17.4%) 

Yes 291 (23.7%) 241 (82.8%) 50 (17.2%) 

Don’t Know 199 (16.2%) 164 (82.4%) 35 (17.6%) 

Group-Based Medical Mistrust 

Scale 
     

Low Medical Mistrust 949 (77.4%) 786 (82.8%) 163 (17.2%) 

Moderate to High Medical  

Mistrust 

242 (19.7%) 204 (84.3%) 38 (15.7%) 

Missing 35 (2.9%) 23 (65.7%) 12 (34.3%) 

Concern about HIV 

transmission/acquisition 
     

Very concerned 160 (13.1%) 130 (81.3%) 30 (18.8%) 

Some concern 180 (14.7%) 149 (82.8%) 31 (17.2%) 

Neither 144 (11.7%) 122 (84.7%) 22 (15.3%) 

Little concern 409 (33.4%) 339 (82.9%) 70 (17.1%) 

No concern at all 328 (26.8%) 269 (82.0%) 59 (18.0%) 

Missing 5 (0.4%) 4 (80.0%) 1 (20.0%) 

Perceived protection of HIV/STI 

Testing 
     

Low (0-50) 275 (22.4%) 226 (82.2%) 49 (17.8%) 

Moderate (51-95) 299 (24.4%) 248 (82.9%) 51 (17.1%) 
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High (96-100) 180 (14.7%) 139 (77.2%) 41 (22.8%) 

Missing 472 (38.5%) 400 (84.7%) 72 (15.3%) 

Likelihood of using condoms 

during anal sex in next 3 months 
     

Definitely not likely 280 (22.8%) 233 (83.2%) 47 (16.8%) 

Probably not likely 218 (17.8%) 191 (87.6%) 27 (12.4%) 

Somewhat likely 203 (16.6%) 158 (77.8%) 45 (22.2%) 

Probably likely 216 (17.6%) 173 (80.1%) 43 (19.9%) 

Definitely likely 294 (24.0%) 246 (83.7%) 48 (16.3%) 

Doesn’t apply to me 12 (1.0%) 9 (75.0%) 3 (25.0%) 

Missing 3 (0.2%) 3 (100.0%) 0 (0.0%) 

Likelihood of getting tested for 

STDs in next 3 months 
     

Definitely not likely 41 (3.3%) 36 (87.8%) 5 (12.2%) 

Probably not likely 104 (8.5%) 94 (90.4%) 10 (9.6%) 

Somewhat likely 152 (12.4%) 127 (83.6%) 25 (16.4%) 

Probably likely 196 (16.0%) 162 (82.7%) 34 (17.3%) 

Definitely likely 712 (58.1%) 577 (81.0%) 135 (19.0%) 

Doesn’t apply to me 14 (1.1%) 12 (85.7%) 2 (14.3%) 

Missing 7 (0.6%) 5 (71.4%) 2 (28.6%) 

Internet use in past 3 months      

Less than 2 hours per day 153 (12.5%) 118 (77.1%) 35 (22.9%) 

2-3 hours per day 148 (12.1%) 128 (86.5%) 20 (13.5%) 

3-4 hours per day 198 (16.2%) 162 (81.8%) 36 (18.2%) 

More than 4 hours per day 713 (58.2%) 596 (83.6%) 117 (16.4%) 

Missing 14 (1.1%) 9 (64.3%) 5 (35.7%) 

Average time spent on phone      

Less than 2 hours per day 238 (19.4%) 195 (81.9%) 43 (18.1%) 
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2-3 hours per day 248 (20.2%) 206 (83.1%) 42 (16.9%) 

3-4 hours per day 270 (22.0%) 215 (79.6%) 55 (20.4%) 

More than 4 hours per day 457 (37.3%) 385 (84.2%) 72 (15.8%) 

Missing 13 (1.1%) 12 (92.3%) 1 (7.7%) 

Number of sexual partners in past 3 

months 
     

1 312 (25.4%) 267 (85.6%) 45 (14.4%) 

2-3 331 (27.0%) 272 (82.2%) 59 (17.8%) 

4 or more 506 (41.3%) 415 (82.0%) 91 (18.0%) 

Missing 77 (6.3%) 59 (76.6%) 18 (23.4%) 

Ever tested for HIV      

No 54 (4.4%) 45 (83.3%) 9 (16.7%) 

Yes 1162 (94.8%) 961 (82.7%) 201 (17.3%) 

Don’t Know 9 (0.7%) 6 (66.7%) 3 (33.3%) 

Missing 1 (0.1%) 1 (100.0%) 0 (0.0%) 

Tested for HIV in past 12 months      

No 459 (37.4%) 385 (83.9%) 74 (16.1%) 

Yes 767 (62.6%) 628 (81.9%) 139 (18.1%) 

Tested for HIV in past 3 months      

No 738 (60.2%) 611 (82.8%) 127 (17.2%) 

Yes 488 (39.8%) 402 (82.4%) 86 (17.6%) 

Tested for STIs in past 3 months      

No 559 (45.6%) 462 (82.6%) 97 (17.4%) 

Yes 665 (54.2%) 549 (82.6%) 116 (17.4%) 

Missing 2 (0.2%) 2 (100.0%) 0 (0.0%) 

Currently taking PrEP/ART      

No 613 (50.0%) 492 (80.3%) 121 (19.7%) 
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Yes 613 (50.0%) 521 (85.0%) 92 (15.0%) 

Unprotected anal intercourse in the 

past 3 months 
     

No 159 (13.0%) 130 (81.8%) 29 (18.2%) 

Yes 610 (49.8%) 516 (84.6%) 94 (15.4%) 

Don’t Know 4 (0.3%) 3 (75.0%) 1 (25.0%) 

Missing 453 (36.9%) 364 (80.4%) 89 (19.6%) 

HIV status of partner(s)      

All known negative 217 (17.7%) 182 (83.9%) 35 (16.1%) 

At least one known positive 275 (22.4%) 227 (82.5%) 48 (17.5%) 

At least one unknown and  

no known positive 

134 (10.9%) 110 (82.1%) 24 (17.9%) 

Missing 600 (48.9%) 494 (82.3%) 106 (17.7%) 

CES-D Mental Health Scale      

Not depressed (<10) 664 (54.2%) 587 (88.4%) 77 (11.6%) 

Depressed (>=10) 323 (26.3%) 279 (86.4%) 44 (13.6%) 

Missing 239 (19.5%) 147 (61.5%) 92 (38.5%) 

Frequency of alcohol consumption      

Never 117 (9.5%) 94 (80.3%) 23 (19.7%) 

Monthly or less 258 (21.0%) 211 (81.8%) 47 (18.2%) 

2-4 times per month 346 (28.2%) 283 (81.8%) 63 (18.2%) 

2-3 times per week 357 (29.1%) 298 (83.5%) 59 (16.5%) 

4 or more times per week 145 (11.8%) 125 (86.2%) 20 (13.8%) 

Missing 3 (0.2%) 2 (66.7%) 1 (33.3%) 

Number of drinks in a typical day 

of drinking 
     

1 or 2 506 (41.3%) 428 (84.6%) 78 (15.4%) 

3 or 4 446 (36.4%) 370 (83.0%) 76 (17.0%) 
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5 or more 148 (12.1%) 113 (76.4%) 35 (23.6%) 

Missing 126 (10.3%) 102 (81.0%) 24 (19.0%) 

Non-prescribed drug use in past 3 

months 
     

No 775 (63.2%) 645 (83.2%) 130 (16.8%) 

Yes 451 (36.8%) 368 (81.6%) 83 (18.4%) 

Number of drugs used in a typical 

day of drug use 
     

1 or 2 461 (37.6%) 379 (82.2%) 82 (17.8%) 

3 or more 129 (10.5%) 102 (79.1%) 27 (20.9%) 

Missing 636 (51.9%) 532 (83.6%) 104 (16.4%) 

† Includes mixed race 
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Table 2. Baseline and time-dependent hazard ratios (HRs) with 95% confidence intervals (CIs) 

calculated from bivariate analyses between covariates and LTFU using Cox regression among 

MSM in a randomized trial of an mHealth intervention in Atlanta, Detroit, and New York City, 

2018-2019. 

Variable 

Baseline 

HR 

95% CI 

Time-

Dependent 

HR§ 

95% CI† 

Randomization     

Control ref    

Intervention 0.91 

 

(0.70, 1.20)   

Age at Enrollment (years) 

  

  

18-25 ref    

26-35 0.88 (0.62, 1.24)   

36-45 0.72 (0.47, 1.13)   

46+ 0.62 (0.41, 0.94)   

Race/Ethnicity     

White, non-Hispanic ref    

Black, non-Hispanic 1.17 (0.85, 1.61)   

Hispanic/Latino 1.25 (0.85, 1.84)   

Asian and Pacific Islander,  

non-Hispanic 

1.11 (0.90, 0.62) 

  

Other
‡
 1.32 (0.76, 2.33)   

Income     

$0-$14,999 ref    

$15,000-$29,999 0.74 (0.50, 1.11)   

$30,000-$49,999 0.74 (0.50, 1.09)   
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$50,000-$74,999 0.9 (0.61, 1.35)   

$75,000 or more 0.61 (0.38, 0.97)   

Education     

High school graduate or  

GED and below 

ref  

  

Some college, Associate,  

or Technical Degree 

0.78 (0.54, 1.12) 

  

Bachelor’s/College Degree 0.57 (0.39, 0.85)   

Any post-graduate studies 0.45 (0.28, 0.70)   

Site     

Atlanta ref 

 

  

Detroit 1.27 (0.92, 1.73)   

New York 0.72 (0.51, 1.02)   

Employment     

Employed full-time ref  ref   

Employed part-time 1.08 (0.75, 1.54) 0.99 (0.74, 1.37) 

Unemployed, unable to work, 

and other 

1.25 (0.91, 1.72) 1.06 (0.71, 1.25) 

Insurance     

No ref  ref   

Yes 0.91 (0.63, 1.30) 0.87 (0.65, 1.21) 

HIV Status     

Negative ref    

Positive (<150 days) 1.06 (0.70, 1.62)   

Positive (>=150 days) 0.66 (0.43, 1.02)   

Hepatitis Vaccination     

No ref    

Yes 0.68 (0.50, 0.93)   
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HPV Vaccination     

No ref    

Yes 0.99 (0.71, 1.37)   

Group-Based Medical Mistrust 

Scale 
  

  

Low Medical Mistrust ref    

Moderate to High Medical 

Mistrust 

0.92 (0.65, 1.31) 

  

Concern about HIV 

transmission/acquisition 
  

  

Very concerned ref  ref   

Some concern 0.88 (0.53, 1.46) 1.11 (0.71, 1.73) 

Neither 0.82 (0.48, 1.43) 0.94 (0.59, 1.51) 

Little concern 0.88 (0.58, 1.40) 1.01 (0.69, 1.47) 

No concern at all 0.95 (0.61, 1.47) 1.02 (0.69, 1.52) 

Perceived protection of HIV/STI 

Testing 
  

  

Low (0-50) ref    

Moderate (51-95) 0.96 (0.65, 1.42)   

High (96-100) 1.28 (0.85, 1.94)   

Likelihood of using condoms 

during anal sex in next 3 months 
  

  

Definitely not likely ref    

Probably not likely 0.73 (0.45, 1.17)   

Somewhat likely 1.39 (0.92, 2.10)   

Probably likely 1.21 (0.80, 1.83)   

Definitely likely 0.98 (0.65, 1.46)   



30 
 

Likelihood of getting tested for 

STDs in next 3 months 
  

  

Definitely not likely ref    

Probably not likely 0.8 (0.27, 2.34)   

Somewhat likely 1.41 (0.54, 3.69)   

Probably likely 1.52 (0.59, 3.89)   

Definitely likely 1.65 (0.68, 4.01)   

Internet use in past 3 months     

Less than 2 hours per day ref  ref   

2-3 hours per day 0.55 (0.32, 0.95) 0.94 (0.62, 1.41) 

3-4 hours per day 0.75 (0.47, 1.19) 0.79 (0.52, 1.18) 

More than 4 hours per day 0.67 (0.46, 0.98) 0.83 (0.61, 1.14) 

Average time spent on phone     

Less than 2 hours per day ref  ref   

2-3 hours per day 0.91 (0.60, 1.40) 1.22 (0.87, 1.71) 

3-4 hours per day 1.12 (0.75, 1.68) 1.21 (0.86, 1.71) 

More than 4 hours per day 0.84 (0.58, 1.23) 0.88 (0.63, 1.23) 

Number of sexual partners in past 

3 months 
  

  

1 ref  ref   

2-3 1.27 (0.86, 1.87) 0.91 (0.63, 1.31) 

4 or more 1.25 (0.88, 1.79) 1.36 (1.01, 1.86) 

Ever tested for HIV     

No ref    

Yes 1.07 (0.55, 2.08)   

Tested for HIV in past 12 months     

No ref    

Yes 1.15 (0.87, 1.53)   
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Tested for HIV in past 3 months     

No ref    

Yes 1.04 (0.79, 1.37)   

Tested for STIs in past 3 months     

No ref    

Yes 1.02 (0.78, 1.33)   

Currently taking PrEP/ART     

No ref  ref   

Yes 0.75 (0.57, 0.98) 0.71 (0.57, 0.89) 

Unprotected anal intercourse in 

the past 3 months 
  

  

No ref  ref   

Yes 0.82 (0.54, 1.25) 1.12 (0.74, 1.69) 

HIV status of partner(s)     

All known negative ref    

At least one known positive 1.04 (0.70, 1.55)   

At least one unknown and  

no known positive 

1.23 (0.58, 2.60) 

  

CES-D Mental Health Scale     

Not depressed (<10) ref  ref   

Depressed (>=10) 1.19 (0.83, 1.73) 0.95 (0.73, 1.23) 

Frequency of alcohol consumption     

Never ref  ref   

Monthly or less 0.91 (0.55, 1.50) 0.99 (0.69, 1.44) 

2-4 times per month 0.91 (0.56, 1.47) 0.69 (0.48, 0.99) 

2-3 times per week 0.78 (0.48, 1.27) 0.82 (0.57, 1.18) 

4 or more times per week 0.67 (0.37, 1.22) 0.59 (0.36, 0.98) 
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Number of drinks in a typical day 

of drinking 
  

  

1 or 2 ref  ref   

3 or 4 1.09 (0.80, 1.50) 1.15 (0.87, 1.52) 

5 or more 1.53 (1.03, 2.29) 1.38 (0.96, 1.97) 

Non-prescribed drug use in past 3 

months 
  

  

No ref  ref   

Yes 1.09 (0.83, 1.44) 0.9 (0.70, 1.16) 

Number of drugs used in a typical 

day of drug use 
  

  

1 or 2 ref  ref   

3 or more 1.21 (0.79, 1.88) 1.14 (0.77, 1.70) 

† Wald CI with a test statistic of z=1.96 

‡ Includes mixed race 

§ Not all data was collected (or relevant) over time, so some variables do not have a time-

dependent HR 
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Figure 2. Kaplan-Meier survival curve of the M-cubed trial by randomization assignment of 

receiving the app at baseline (blue dashed line) or being in the control group (red solid line) in a 

study of an mHealth app in Atlanta, Detroit, and New York City, 2018-2019. The hazard of 

being lost to follow-up in the intervention group was 0.91 [95% CI: (0.70, 1.19)] times the 

hazard of being lost to follow-up in the control group.  
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Figure 3. Adjusted survival curves accounting for interaction of the effect of randomization on 

survival in a study of an mHealth app in Atlanta, Detroit, and New York City, 2018-2019. (A) 

Effect modification by education level at baseline, showing increasingly higher survival as 

education level increases and consistently better survival in the intervention arm than the control 

group. (B) Effect modification by employment status at baseline, showing that participants who 

were unemployed in the intervention arm had lower survival in the study than participants who 

were unemployed in the control group. (C) Effect modification by 3-month HIV testing history, 

showing participants who had not tested in the past 3 months and were assigned to the control 
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group had higher survival than participants who had not tested in the past 3 months and were 

assigned to the intervention group. (D) Effect modification by time-varying alcohol use, showing 

decreasing survival with increasing drinking frequency and that those who typically only had 1-2 

drinks in the intervention group had higher survival than those who typically only had 1-2 drinks 

in the control group.  
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Table 3. Variables with significant interaction with the effect of randomization on LTFU in a 

sample of MSM from Atlanta, Detroit, and New York City in the M-Cubed study, 2018-2019.  

Effect Modifier 

 

aHR 95% CI† 

Education (baseline) 

  

Some college or below 

Control ref 

 
Intervention 0.97 (0.68, 1.38) 

Bachelor's degree 

Control ref 

 
Intervention 0.63 (0.40, 0.99) 

Post-grad degree 

Control ref 

 
Intervention 0.45 (0.26, 0.79) 

Employment (baseline) 

  

Full-Time 

Control ref 

 
Intervention 0.82 (0.56, 1.19) 

Part-Time 

Control ref 

 
Intervention 0.78 (0.46, 1.33) 

Unemployed 

Control ref 

 
Intervention 1.40 (0.92, 2.12) 

Tested for HIV in past 3 months 

  

No 

Control ref 

 
Intervention 1.18 (0.83, 1.67) 

Yes 

Control ref 

 
Intervention 0.87 (0.56, 1.33) 

Number of drinks in a typical day 

of drinking (time-dependent) 
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1 or 2 drinks 

Control ref 

 
Intervention 0.61 (0.41, 0.89) 

3 or 4 drinks 

Control ref 

 
Intervention 1.02 (0.70, 1.49) 

5+ drinks 

Control ref 

 
Intervention 1.09 (0.66, 1.81) 

† Wald CI with a test statistic of z=1.96  



38 
 

Table 4. Characteristics of gay, bisexual, and other men who have sex with men in Atlanta, 

Detroit, and New York City who received access to the M-Cubed app at baseline, 2018-2019.  

Variable 

Total 

(n=611) 

Survived 

(n=509) 

LTFU 

(n=102) 

N (col %) N (row %) N (row %) 

Survival (days)    

  
Mean (sd) 253 (63.2) 275  (17.4) 139  (83.9) 

Age at Enrollment (years)  

    
18-25 129 (21.1%) 100  (77.5%) 29  (22.5%) 

26-35 232 (38.0%) 193  (83.2%) 39  (16.8%) 

36-45 93 (15.2%) 81  (87.1%) 12  (12.9%) 

46+ 157 (25.7%) 135  (86.0%) 22  (14.0%) 

Race/Ethnicity  

    
White, non-Hispanic 256 (41.9%) 217  (84.8%) 39  (15.2%) 

Black, non-Hispanic 198 (32.4%) 162  (81.8%) 36  (18.2%) 

Hispanic/Latino 87 (14.2%) 72  (82.8%) 15  (17.2%) 

Asian and Pacific Islander,  

non-Hispanic 

33 (5.4%) 

27  (81.8%) 6  (18.2%) 

Other
†
 37 (6.1%) 31  (83.8%) 6  (16.2%) 

Income  

    
$0-$14,999 146 (23.9%) 116  (79.5%) 30  (20.5%) 

$15,000-$29,999 132 (21.6%) 108  (81.8%) 24  (18.2%) 

$30,000-$49,999 126 (20.6%) 108  (85.7%) 18  (14.3%) 

$50,000-$74,999 105 (17.2%) 86  (81.9%) 19  (18.1%) 
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$75,000 or more 100 (16.4%) 89  (89.0%) 11  (11.0%) 

Missing 2 (0.3%) 2  (100.0%) 0  (0.0%) 

Education  

    

High school graduate or  

GED and below 

86 (14.1%) 

65  (75.6%) 21  (24.4%) 

Some college, Associate,  

or Technical Degree 

192 (31.4%) 

154  (80.2%) 38  (19.8%) 

Bachelor's/College Degree 187 (30.6%) 160  (85.6%) 27  (14.4%) 

Any post-graduate studies 145 (23.7%) 130  (89.7%) 15  (10.3%) 

Missing 1 (0.2%) 0  (0.0%) 1  (100.0%) 

Site  

    
Atlanta 239 (39.1%) 200  (83.7%) 39  (16.3%) 

Detroit 166 (27.2%) 128  (77.1%) 38  (22.9%) 

New York 206 (33.7%) 181  (87.9%) 25  (12.1%) 

Employment  

    
Employed full-time 339 (55.5%) 288  (85.0%) 51  (15.0%) 

Employed part-time 123 (20.1%) 106  (86.2%) 17  (13.8%) 

Unemployed, unable to work,  

and other 

145 (23.7%) 
111  (76.6%) 34  (23.4%) 

Missing 4 (0.7%) 4  (100.0%) 0  (0.0%) 

Insurance  

    
No 89 (14.6%) 72  (80.9%) 17  (19.1%) 

Yes 521 (85.3%) 436  (83.7%) 85  (16.3%) 

Missing 1 (0.2%) 1  (100.0%) 0  (0.0%) 

HIV Status  

    
Negative 417 (68.2%) 347  (83.2%) 70  (16.8%) 
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Positive 194 (31.8%) 162  (83.5%) 32  (16.5%) 

Hepatitis Vaccination 

     
No 122 (20.0%) 92  (75.4%) 30  (24.6%) 

Yes 389 (63.7%) 329  (84.6%) 60  (15.4%) 

Don't Know 99 (16.2%) 87  (87.9%) 12  (12.1%) 

Missing 1 (0.2%) 1  (100.0%) 0  (0.0%) 

HPV Vaccination  

    
No 365 (59.7%) 302  (82.7%) 63  (17.3%) 

Yes 153 (25.0%) 125  (81.7%) 28  (18.3%) 

Don't Know 93 (15.2%) 82  (88.2%) 11  (11.8%) 

Vaccination History      

No vaccination 202 (33.1%) 166 (82.2%) 36 (17.8%) 

1 vaccination 274 (44.9%) 230 (83.9%) 44 (16.1%) 

2 vaccinations 134 (22.0%) 112 (83.6%) 22 (16.4%) 

Group-Based Medical Mistrust Scale  

    
Low Medical Mistrust 4.03 (3.08) 4.11  (53.4%) 3.58  (46.6%) 

Moderate to High Medical  

Mistrust 

4.00 [1.00, 

30.0] 

    
Missing 438 (71.7%) 362  (82.6%) 76  (17.4%) 

Concern about HIV 

transmission/acquisition 
 

    
Somewhat or very concerned 237 (38.8%) 198 (83.5%) 39 (16.5%) 

Little or no concern 374 (61.2%) 311 (83.2%) 63 (16.8%) 

Perceived protection of HIV/STI 

Testing 
 

    
Low (0-50) 139 (22.7%) 117  (84.2%) 22  (15.8%) 
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Moderate (51-95) 151 (24.7%) 128  (84.8%) 23  (15.2%) 

High (96-100) 82 (13.4%) 64  (78.0%) 18  (22.0%) 

Missing 239 (39.1%) 200  (83.7%) 39  (16.3%) 

Likelihood of using condoms during 

anal sex in next 3 months 

     
Definitely not likely 129 (21.1%) 108  (83.7%) 21  (16.3%) 

Probably not likely 115 (18.8%) 101  (87.8%) 14  (12.2%) 

Somewhat likely 105 (17.2%) 80  (76.2%) 25  (23.8%) 

Probably likely 104 (17.0%) 84  (80.8%) 20  (19.2%) 

Definitely likely 148 (24.2%) 127  (85.8%) 21  (14.2%) 

Doesn't apply to me 9 (1.5%) 8  (88.9%) 1  (11.1%) 

Missing 1 (0.2%) 1  (100.0%) 0  (0.0%) 

Likelihood of getting tested for STDs 

in next 3 months 
 

    
Definitely not likely 21 (3.4%) 17  (81.0%) 4  (19.0%) 

Probably not likely 42 (6.9%) 38  (90.5%) 4  (9.5%) 

Somewhat likely 80 (13.1%) 66  (82.5%) 14  (17.5%) 

Probably likely 101 (16.5%) 84  (83.2%) 17  (16.8%) 

Definitely likely 354 (57.9%) 292  (82.5%) 62  (17.5%) 

Doesn't apply to me 7 (1.1%) 7  (100.0%) 0  (0.0%) 

Missing 6 (1.0%) 5  (83.3%) 1  (16.7%) 

Internet use in past 3 months  

    
Less than 4 hours a day 249 (41.2%) 200 (80.3%) 49 (19.7%) 

4 or more hours a day 355 (58.8%) 305  (85.9%) 50  (14.1%) 

Average time spent on phone  

    
Less than 2 hours per day 117 (19.1%) 97  (82.9%) 20  (17.1%) 
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2-3 hours per day 130 (21.3%) 110  (84.6%) 20  (15.4%) 

3-4 hours per day 132 (21.6%) 107  (81.1%) 25  (18.9%) 

More than 4 hours per day 226 (37.0%) 190  (84.1%) 36  (15.9%) 

Missing 6 (1.0%) 5  (83.3%) 1  (16.7%) 

Number of sexual partners in past 3 

months 

     
1 156 (25.5%) 132  (84.6%) 24  (15.4%) 

2-3 159 (26.0%) 134  (84.3%) 25  (15.7%) 

4 or more 255 (41.7%) 214  (83.9%) 41  (16.1%) 

Missing 41 (6.7%) 29  (70.7%) 12  (29.3%) 

Ever tested for HIV  

    
No 32 (5.2%) 29  (90.6%) 3  (9.4%) 

Yes 571 (93.5%) 475  (83.2%) 96  (16.8%) 

Don't Know 7 (1.1%) 4  (57.1%) 3  (42.9%) 

Missing 1 (0.2%) 1  (100.0%) 0  (0.0%) 

Tested for HIV in past 12 months  

    
No 241 (39.4%) 199  (82.6%) 42  (17.4%) 

Yes 370 (60.6%) 310  (83.8%) 60  (16.2%) 

Tested for HIV in past 3 months  

    
No 374 (61.2%) 305  (81.6%) 69  (18.4%) 

Yes 237 (38.8%) 204  (86.1%) 33  (13.9%) 

Tested for STIs in past 3 months  

    
No 279 (45.7%) 232  (83.2%) 47  (16.8%) 

Yes 331 (54.2%) 276  (83.4%) 55  (16.6%) 

Missing 1 (0.2%) 1  (100.0%) 0  (0.0%) 
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Currently taking PrEP/ART  

    
No 305 (49.9%) 248  (81.3%) 57  (18.7%) 

Yes 306 (50.1%) 261  (85.3%) 45  (14.7%) 

Unprotected anal intercourse in the 

past 3 months 
 

    
No 79 (12.9%) 66  (83.5%) 13  (16.5%) 

Yes 306 (50.1%) 263  (85.9%) 43  (14.1%) 

Don't Know 2 (0.3%) 2  (100.0%) 0  (0.0%) 

Missing 224 (36.7%) 178  (79.5%) 46  (20.5%) 

HIV status of partner(s)  

    
All known negative 161 (26.4%) 140  (87.0%) 21  (13.0%) 

At least one known positive 135 (22.1%) 113  (83.7%) 22  (16.3%) 

At least one unknown and  

no known positive 

16 (2.6%) 
11  (68.8%) 5  (31.3%) 

Missing 299 (48.9%) 245  (81.9%) 54  (18.1%) 

CES-D Mental Health Scale  

    
Not depressed (<10) 347 (56.8%) 312  (89.9%) 35  (10.1%) 

Depressed (>=10) 143 (23.4%) 124  (86.7%) 19  (13.3%) 

Missing 121 (19.8%) 73  (60.3%) 48  (39.7%) 

Frequency of alcohol consumption  

    
Never 55 (9.0%) 49  (89.1%) 6  (10.9%) 

Monthly or less 133 (21.8%) 108  (81.2%) 25  (18.8%) 

2-4 times per month 181 (29.6%) 149  (82.3%) 32  (17.7%) 

2-3 times per week 169 (27.7%) 139  (82.2%) 30  (17.8%) 

4 or more times per week 72 (11.8%) 64  (88.9%) 8  (11.1%) 

Missing 1 (0.2%) 0  (0.0%) 1  (100.0%) 
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Number of drinks in a typical day of 

drinking 
 

    
1 or 2 271 (44.4%) 226  (83.4%) 45  (16.6%) 

3 or 4 218 (35.7%) 186  (85.3%) 32  (14.7%) 

5 or more 64 (10.5%) 45  (70.3%) 19  (29.7%) 

Missing 58 (9.5%) 52  (89.7%) 6  (10.3%) 

Non-prescribed drug use in past 3 

months 
 

    
No 397 (65.0%) 337  (84.9%) 60  (15.1%) 

Yes 214 (35.0%) 172  (80.4%) 42  (19.6%) 

Number of drugs used in a typical day 

of drug use 
 

    
1 or 2 223 (36.5%) 181  (81.2%) 42  (18.8%) 

3 or more 56 (9.2%) 43  (76.8%) 13  (23.2%) 

Missing 332 (54.3%) 285  (85.8%) 47  (14.2%) 

† Includes mixed race 
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Table 5. Results from the implementation assessment of the M-cubed app to explore the predictive factor of variables related to the e-

commerce acceptance model (EAM) on LTFU.  

Framework 

Domain 

Variable 

Bivariate analysis Reduced multivariable analysis (each domain assessed separately) Final Model§ 

HR 95% CI† Interaction   aHR 95% CI† aHR 95% CI† 

Trust 

Medical Mistrust                 

Low Mistrust ref  

Not 

depressed 

Low Mistrust
‡
 ref 

 

ref 

 
Moderate-to-High  

Mistrust
‡
 0.30 (0.09, 0.95) 0.31 (0.09, 1.02) 

Moderate-to-High  

Mistrust 

0.81 (0.52, 1.26) Depressed 

Low Mistrust
‡
 ref 

 

ref 

 
Moderate-to-High  

Mistrust
‡
 0.86 (0.39, 1.88) 0.53 (0.18, 1.54) 

Vaccination History     

    

No vaccination ref   No vaccination
§
 ref 

 

ref 

 
1 vaccination 0.92 (0.63, 1.33)  1 vaccination

§
 0.91 (0.63, 1.31) 0.95 (0.60, 1.55) 

2 vaccinations 0.87 (0.55, 1.36)   2 vaccinations
§
 0.69 (0.43, 1.10) 0.82 (0.45, 1.47) 

Concern about HIV 

transmission/acquisition 

        
    

Not included 
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Perceived 

Risk 

Somewhat or very  

concerned 

ref   

Somewhat or very  

concerned
¶
 ref 

 
Little or no concern 0.82 (0.58, 1.14)   Little or no concern

¶
 0.78 (0.51, 1.19) 

Perceived 

Usefulness 

Perceived protection of 

HIV/STI Testing 

        
    

Not included Low protection ref   Low protection
††

 ref 

 
Moderate protection 0.86 (0.52, 1.40)  Moderate protection

††
 0.80 (0.48, 1.32) 

High protection 1.31 (0.78, 2.19)   High protection
††

 1.03 (0.60, 1.79) 

Perceived 

Ease of 

Use 

Internet use in past 3 

months 

        
    

    

Less than 4 hours a  

day 

ref  

Not 

depressed 

Less than 4 hours a  

day
‡
 ref 

 

ref 

 
4 or more hours a day

‡
 0.38 (0.23, 0.64) 0.43 (0.25, 0.72) 

4 or more hours a day 0.71 (0.51, 0.99) Depressed 

Less than 4 hours a  

day
‡
 ref 

 

ref 

 
4 or more hours a day

‡
 0.65 (0.37, 1.12) 0.72 (0.39, 1.34) 

† Wald CI with a test statistic of z=1.96 

‡ Adjusted for age 
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§ Adjusted for age and race/ethnicity 

¶ Adjusted for number of sexual partners, current PrEP/ART use, and education 

††  Adjusted for education and employment 

  



48 
 

 

Figure 4. Directed acyclic graph (DAG) showing the final model used in the implementation 

assessment of the M-Cubed app with predictors (black), confounders (blue), and effect modifiers 

(green) for the outcome of LTFU.  
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