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Achieving Health for Youth 
Experiencing Homelessness

Presenter
Presentation Notes
Youth experiencing homelessness (YEH), a hard-to-reach, underserved population, suffer a disparate burden of adverse health outcomes including death, suicide, substance use and overdose, pregnancy, HIV, and mental illness.4,6,31-35 The tumultuous experiences of daily life on the streets are difficult for young people who become homeless. While surviving the dangers of the streets and meeting one’s basic needs for food and shelter, youth face enormous difficulties in maintaining their health and well-being. Homeless youth are transient and may live in emergency shelters or on the streets; in abandoned or vacant buildings or apartments; temporarily with friends, family, or acquaintances; or in hotel/motel rooms. They go to great lengths to stay hidden from the dangers of victimization.36 Most youth who are chronically homeless move frequently between housing situations.37 When youth become homeless, they bring to the streets a range of emotional and psychological challenges that negatively impact their well-being, risk decision making, emotion regulation, and coping skills. YEH often have lengthy histories of multiple traumas stemming from difficult family situations, poverty, and physical, sexual, and emotional abuse that significantly contribute to their risk for experiencing homelessness as an adolescent or young adult. Moreover, YEH have high rates of parental addiction, psychiatric disorders, and criminal involvement that compound the trauma and instability experienced during childhood.38,39 1.  Kulik, D.M., et al., Homeless youth’s overwhelming health burden: A review of the literature. Paediatrics & child health, 2011. 16(6): p. e43.2. Roy, É., et al., Mortality in a cohort of street youth in Montreal. JAMA: the journal of the American Medical Association, 2004. 292(5): p. 569-574.3. Edidin et al., 20114. Bose, J., Hedden, S. L., Lipari, R. N., Park-Lee, E. (2016). Key subtance use and mental health indicatiors in the United States: Results from the 2015 National Survey on Drug Use and Health. Center for Behavioral Health Statitstics and Quality, HHS Publication No. SMA 6-4984 (2015 National Survey on Drug Use and Health)5. Santa Maria dataset, 20176.  Aubry et al., 2012



1.7-2.5 million youth 
1 in 10 young adults
1 in 30 adolescents
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Presentation Notes
On any given night in the U.S., 1.7 to 2.5 million youth under age 25 are homeless1-3 equating to one in 10 young adults aged 18 to 25 and one in 30 adolescents aged 13 to 17 experience homelessness over the course of a year.23  Locally  7500 youth received servicesHISD = 29,554 Houstonian children In 2016, the Harris County Homeless Management Information System, a data system for homeless persons, reported 2,145 homeless youth aged 18-21. Houston Independent School District identified over 19,500 unstably housed youth, 3,522 of which were staying in shelters, hotels, or were unsheltered in 2015-162016 - 2017 ------ 26,7462017 - 2018 ------ 29,554Morton MH, Dworsky A, Matjasko JL, et al. Prevalence and correlates of youth homelessness in the United States. Journal of Adolescent Health. 2017.Bassuk E, Murphy C, Coupe N, Kenney R, Beach C. America’s youngest outcasts 2014: State report card on child homelessness. Retrieved November. 2014;24:2014.Bassuk E, Murphy C, Coupe N, Kenney R, Beach C. America’s Youngest Outcasts 2010. In: Needham, MA: The National Center on Family Homelessness; 2011.Bassuk EL. Ending child homelessness in America. American Journal of Orthopsychiatry. 2010;80(4):496-504.



Background
YEH experience a mortality rate that's 5–10 times higher than the general 
population6 

Drug overdose and suicide are leading causes of death2

Substance use rates are double that of housed youth3

86% met the DSM-IV for a substance use disorder compared to 15% in 18-25yo3

Experience extreme challenges to accessing health and mental health care.5,7,8 
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Morton MH, Dworsky A, Matjasko JL, et al. Prevalence and correlates of youth homelessness in the United States. Journal of Adolescent Health. 2017.Bassuk E, Murphy C, Coupe N, Kenney R, Beach C. America’s youngest outcasts 2014: State report card on child homelessness. Retrieved November. 2014;24:2014.Bassuk E, Murphy C, Coupe N, Kenney R, Beach C. America’s Youngest Outcasts 2010. In: Needham, MA: The National Center on Family Homelessness; 2011.Bassuk EL. Ending child homelessness in America. American Journal of Orthopsychiatry. 2010;80(4):496-504.Edidin JP, Ganim Z, Hunter SJ, Karnik NS. The mental and physical health of homeless youth: a literature review. Child Psychiatry & Human Development. 2012;43(3):354-375.Baggett TP, Hwang SW, O’Connell JJ, et al. Mortality among homeless adults in Boston: shifts in causes of death over a 15-year period. JAMA internal medicine. 2013;173(3):189-195.Kulik DM, Gaetz S, Crowe C, Ford-Jones EL. Homeless youth’s overwhelming health burden: A review of the literature. Paediatrics & child health. 2011;16(6):e43.Hwang SW, Ueng JJ, Chiu S, et al. Universal health insurance and health care access for homeless persons. American journal of public health. 2010;100(8):1454-1461.



Background

Unstable housing is a significant barrier to…

◦ Accessing and engaging in HIV care

◦ Maintaining viral suppression

◦ Reducing HIV transmission9

People experiencing homelessness have higher rates of HIV than those who 
are stably housed.10

One study found a self-reported HIV diagnoses rate of 4% among YEH.11
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Presentation Notes
Mental health needs, substance use problems, and issues unique to YEH such as lack of stable sheltering need to be considered with regard to HIV prevention. 9. Aidala A, Cross JE, Stall R, Harre D, Sumartojo E. Housing status and HIV risk behaviors: Implications for prevention and policy. AIDS and Behavior. 2005;9(3):251-265.10. Beijer U, Wolf A, Fazel S. Prevalence of tuberculosis, hepatitis C virus, and HIV in homeless people: a systematic review and meta-analysis. The Lancet Infectious Diseases. 2012;12(11):859-870.11. Santa Maria D, Flash CA, Narendorf S, et al. Knowledge and Attitudes about Pre-Exposure Prophylaxis among Young Adults Experiencing Homelessness in Seven US Cities. Journal of Adolescent Health. 2018.



HIV prevalence estimates 12% 
6-12 times as likely to get HIV

High rates of  STIs
High risk for pregnancy
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Presentation Notes
Homeless youth are among the highest risk groups for HIV infection; prevalence estimates for this group are as high as 12%.	Pfeifer RW and Oliver J, A study of HIV seroprevalence in a group of homeless youth in Hollywood, California, Journal of Adolescent Health, 1997, 20(5):339–342. Compared with their housed peers, homeless youth are 6–12 times as likely to become infected with HIV.	Rotheram-Borus MJ et al., Reductions in HIV risk among runaway youth, Prevention Science, 2003, 4(3):173–187. 



HIV Risk

HIV risk among all youth is correlated with sexual orientation,12 childhood 
abuse,13,14 and histories of foster/juvenile justice involvement15-18 

Condomless sex and substance use are correlated with real-time factors 
such as stress19,20 and depression.21 

Modifiable factors have been found to predict HIV risk in non-YEH.

Stress, sexual urge, and substance use negatively impact sexual risk decision 
making thereby increasing HIV risk. 
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References:12. 	Noell JW, Ochs LM. Relationship of sexual orientation to substance use, suicidal ideation, suicide attempts, and other factors in a population of homeless adolescents. Journal of adolescent health. 2001;29(1):31-36.13.	Melander LA, Tyler KA. The effect of early maltreatment, victimization, and partner violence on HIV risk behavior among homeless young adults. Journal of Adolescent Health. 2010;47(6):575-581.14.	Tyler KA, Hoyt DR, Whitbeck LB. The effects of early sexual abuse on later sexual victimization among female homeless and runaway adolescents. Journal of interpersonal violence. 2000;15(3):235-250.15.	Thompson RG, Hasin DS. Cigarette, marijuana, and alcohol use and prior drug treatment among newly homeless young adults in New York City: relationship to a history of foster care. Drug and alcohol dependence. 2011;117(1):66-69.16.	Fowler PJ, Toro PA, Miles BW. Pathways to and from homelessness and associated psychosocial outcomes among adolescents leaving the foster care system. American Journal of Public Health. 2009;99(8):1453.17.	Combs KM, Begun S, Rinehart DJ, Taussig H. Pregnancy and childbearing among young adults who experienced foster care. Child maltreatment. 2017:1077559517733816.18.	Zlotnick C. What research tells us about the intersecting streams of homelessness and foster care. American Journal of Orthopsychiatry. 2009;79(3):319.19. Hill TD, Ross CE, Angel RJ. Neighborhood disorder, psychophysiological distress, and health. Journal of Health and Social Behavior. 2005;46(2):170-186.20. Cutrona CE, Wallace G, Wesner KA. Neighborhood characteristics and depression an examination of stress processes. Current directions in psychological science. 2006;15(4):188-192.21.	Diez Roux AV, Mair C. Neighborhoods and health. Annals of the New York Academy of Sciences. 2010;1186(1):125-145.



Modifiable Risk Factors and HIV Risk

So, how do modifiable risk factors contribute to HIV risk among YEH?
oExperiencing sexual urges has been found to influence YEH’s decision to 

engage in condomless sex.22 

oSubstance use is also associated with condomless sex and sexual 
victimization among homeless and urban youth.23,24,25 

oThe odds of having sex on a given day were found to be highest on days 
when YEH experienced sexual urge and drug use, with the odds of substance 
use being highest on the days with high stress and drug urge.26 

Presenter
Presentation Notes
1st TALKING POINT:‘HIV risk may be heightened by low motivation for HIV prevention related to time spent on the street34 and exacerbated by high levels of trauma experienced prior to and while homeless.36,3723. 37. Heerde JA, Hemphill SA. Sexual Risk Behaviors, Sexual Offenses, and Sexual Victimization Among Homeless Youth A Systematic Review of Associations With Substance Use. Trauma, Violence, & Abuse. 2015:1524838015584371.22. 43. Kennedy DP, Brown RA, Morrison P, Vie L, Ryan GW, Tucker JS. Risk evaluations and condom use decisions of homeless youth: a multi-level qualitative investigation. BMC public health. 2015;15(1):62.24. 44. Elkington KS, Bauermeister JA, Zimmerman MA. Psychological distress, substance use, and HIV/STI risk behaviors among youth. Journal of Youth and Adolescence. 2010;39(5):514-527.25. 45. Tucker JS, Ryan GW, Golinelli D, et al. Substance use and other risk factors for unprotected sex: Results from an event-based study of homeless youth. AIDS and Behavior. 2012;16(6):1699-1707.26. 46. Santa Maria D, Padhye N, Yang Y, Gallardo K, Businelle M. Predicting Sexual Behaviors Among Homeless Young Adults: Ecological Momentary Assessment Study. JMIR public health and surveillance. 2018;4(2):e39.



Comparison of Sexual Risks across Populations

U.S. Youth Texas Youth Houston 
Youth

Homeless 
Youth

First sex <13 years 6% 5% 8% 34%
>4 sex partners 15% 15% 15% 68%
Condom use last sex 59% 53% 56% 54%

Contraceptive use last 
sex

25% 20% 14% 14%

Substance use last sex 22% 24% 25% 35%
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Kann, L., et al., Youth risk behavior surveillance—United States, 2013. MMWR Surveill Summ, 2014. 63(Suppl 4): p. 1-168.Trade sex 31% in total sample; highest among trans (67%) and LGBT (54%) and lowest in minors (9%) Sexual assault 32% in total sample; highest among female (67%), trans (57%), and LGBT (48%); lowest in males (25%) and minors (27%) 



Sexual Assault and Post Sexual Assault Care

Presenter
Presentation Notes
Approximately 19% of cisgender women and 2% of cisgender men reported a lifetime history of rape in the general population.1 While these rates are alarming, young adults experiencing homelessness are at even higher risk than their housed peers with prevalence rate of lifetime sexual assault as high as 35%.2 In a nationally representative sample, only 21% of sexual assault patients sought medical attention, with those who experienced physical assault being more likely to disclose the sexual assault and seek services.14,20 In our own study among 1400 youth across 7 cities, found that 24% had been forced to have sex since experiencing homelessness and of those 71% of youth did not seek medical care where they could access HIV prophylaxis, plan B, and counseling. The top 3 reasons for not seeking care was not wanting to involve the legal system (myth), didn’t know it was important or what it was, and didn’t know where to go. 31. Smith, S.G., et al., National Intimate Partner and Sexual Violence Survey (NISVS): 2010-2012 state report. 2017.2. Tyler, K.A., et al., Risk factors for sexual victimization among male and female homeless and runaway youth. Journal of Interpersonal violence, 2004. 19(5): p. 503-520.3. Santa Maria, D., Breeden, K., Drake, S., Narendorf, S. C., Barman-Adhikari, A., Petering, R., Ha, H., Shelton, J., Ferguson, K., Bender, K. (2020). Gaps in Sexual Assault Health Care among Homeless Young Adults. American Journal of Preventive Medicine. 58(2), 191-198. 14. Zinzow, H.M., et al., Receipt of post-rape medical care in a national sample of female victims. American journal of preventive medicine, 2012. 43(2): p. 183-187.20. Walsh, K., et al., Understanding disparities in service seeking following forcible versus drug-or alcohol-facilitated/incapacitated rape. Journal of interpersonal violence, 2016. 31(14): p. 2475-2491.



Presenter
Presentation Notes
Imagine for a minute that you would rather be on the streets than stay one more day with your family. Imagine growing up in foster care and having your foster mom drop you off at the shelter on your 18th birthday. Imagine finding yourself without a high-school degree, with 2 kids in tow, selling your body as your only commodity to put food in their mouths and a roof over their head. Imagine that every adult who could have helped you along the way fell short from keeping you off the streets. It is in that mind frame that we need to think about tackling some of these pressing health issues so youth can exit homelessness without a chronic infectious disease or unplanned parenthood. While the need for prevention and health promotion interventions tailored to the special considerations of YEH is undeniable, they continue to be understudied and underserved owing to prevailing sentiment that they are challenging to work with and a bleak and hopeless population.40 Much to the contrary, YEH are eager for health promotion programs, able to be recruited and retained in intervention research,41,42 and demonstrate improved outcomes when programs are tailored and relevant.43 Despite the demonstrated need for tailored interventions for YEH and the evidence supporting the ability to recruit and retain them, few interventions that target risk decision making, emotion regulation, and coping skills have been developed or tested. Want to be involved in research and intervention developmentAre interested in participating in programsNeed us to meet them where they are atLike using technology May not be ‘compliant’ patients but desire to reach and maintain health
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Presentation Notes
A total of 66 participants completed 724 ecological momentary assessments that assessed daily sleeping arrangements. participants more often reported their previous night’s sleepingarrangements as UH (n = 362, 50.0%) versus LH (n = 262, 36.2%) or SN (n = 100, 13.8%). The locations characterized as UH were staying at a relative’s house or in the family home (n = 107/724; 14.8%), staying with a friend or acquaintance (n = 102/724; 14.1%), staying in the home of a boyfriend, girlfriend or sexual partner (n = 97/724; 1.31%) or staying in a hotel/motel (n = 56/724; 7.7%). Only 36% of participants stayed in only one location throughout the study. Generally, the probability of a SN fell between the probability of either a LH or a UH night, i.e., most predictors followed a pattern of lower-to-higher probabilities of LH > SN > UH or LH < SN < UH.  In the present study, stress related to not having a place to stay, being arrested, experiencing discrimination (particularly due to race) and using synthetic cannabinoids were the strongest predictors of not staying in a shelter on a given night (> 50% normalized importance).Suchting, R., Businelle, M. S., Hwang, S. W., Padhye, N. S., Yang, Y., Santa Maria, D. M. (2020). Predicting daily sheltering arrangements among youth experiencing homelessness using diary measurements collected by ecological momentary assessment. International Journal of Environmental Research and Public Health, 17(18), 6873.
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Presentation Notes
Despite HIV prevention initiatives for YEH, HIV rates remain disproportionately high and PrEP/nPEP rollout efforts have not successfully reached YEH. PrEP knowledge among YEH is low, especially in the south.7 This is particularly concerning given that the southern U.S. has the greatest burden of HIV diagnoses.8 YEH are 6-12 times more likely to become infected with HIV than housed youth,1 with HIV prevalence as high as 16%.2 Several risk behaviors contribute to HIV rates. YEH engage in condomless sex (75% of sex acts), have early sexual debuts; and multiple and concurrent sexual partners;6 trade sex for food, shelter, money, or drugs,2,32,33 and use substances before sex.34 Sexual and gender minority youth experience homelessness at nearly twice the rate of other youth and are overrepresented among YEH,33,35,36 and are at particular high risk for HIV.37,38 YEH who trade sex are at particularly high risk for HIV as they are rarely able to negotiate condom use.39 



15

Ending the HIV Epidemic in America

More than 50% of new HIV diagnoses occurred in only 48 highest burden counties.
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Presentation Notes
There are several counties in Texas that contribute to 50% of the new HIV diagnoses in the US in 2016-17 and are considered one of the 48 areas of highest burden and focus for the Ending the HIV Epidemic efforts. These include Houston, Dallas, San Antonio, and Austin areas. Our preliminary work (n=1427) found that 71% of YEH did not know about PrEP and only 4% had talked with a healthcare provider (HCP) about it.7 PrEP and HIV prevention services are poorly accessed by homeless adults receiving housing assistance, with only 1% being prescribed PrEP.9 However, once informed, YEH are interested in PrEP.7 Unfortunately, YEH often lack access to sexual health education and preventive healthcare including PrEP/nPEP, further impeding HIV prevention efforts10,11 and suggesting the need to better incorporate PrEP/nPEP into homeless healthcare models. 



Addressing Modifiable Real-time Factors Among YEH

o Using real-time, personalized HIV prevention messages may provide more 
timely information and produce more motivation for behavioral change 

o Interventions that can be delivered via smartphone at the time of 
heightened HIV risk may place health messages more proximally to critical 
behavioral decision points

Thus, these interventions may improve HIV prevention by
◦ Increasing motivation with personal messaging
◦ Targeting real-time cognitions and behaviors 
◦ Building skills 

Presenter
Presentation Notes
Talking Points: To date, HIV prevention interventions for YEH have not specifically addressed modifiable real-time factors such as stress, sexual urge, or substance use or been delivered at the time of heightened risk. To this end, Interventions that provide personal motivational messages in response to real-time thoughts, feelings, sexual urges, and substance use may be more effective than interventions that are homogeneous and primarily informational in nature.58,59 The most effective HIV prevention interventions may be those that increase awareness of real-time HIV risk factors and intervene proximal to the time of risk behaviors. 



Ecological Momentary Assessments (EMA)
The gold standard and most accurate way to measure real-time factors 27, 28

In one study, 54% of youth reported condom use at last sex at baseline, yet 
76% of sex acts were condomless when assessed in real-time using EMA.29 

Consistently high EMA completion rates have been found among youth; 
o Substance use (80%) 30

o Recovery (87%)31 

o Smokers (88%)32 

o Sexual behaviors (80%)33 

o Drinking (89%)34

Presenter
Presentation Notes
Talking Points:EMA data that are collected at or near the moment when HIV risk behaviors occur can reduce recall biases that are associated with other measures. EMA allows for assessment of within-person variance to risk exposures (e.g., where, when, and with whom sexual risk is likely to occur throughout a day) by capturing repeated measures to assess changes in behaviors, cognitions, environmental factors, and symptoms. Therefore, EMA allows for interventions to be tailored to one’s current risk level by dose and content. 27. 60. Stone A, Shiffman S, Atienza A, Nebeling L. The science of real-time data capture: Self-reports in health research. Oxford University Press; 2007.28. 61. Stone AA, Shiffman S. Capturing momentary, self-report data: A proposal for reporting guidelines. Annals of Behavioral Medicine. 2002;24(3):236-243.29. 63. Santa Maria DP, Nikhil; Gallardo, Kathryn; Johnson Baker,  Kimerly; Swain, Honora; Tortolero Emery, Susan; Businelle, Michael. Using EMA to Assess the Relation between Stress and Sexual Risk Behaviors among Homeless Youth. Council on the Advancement of Nursing Science: State of the Science Conference; September, 2016, 2016; Washington, D.C.30. 66. Comulada WS, Lightfoot M, Swendeman D, Grella C, Wu N. Compliance to Cell Phone-Based EMA Among Latino Youth in Outpatient Treatment. Journal of ethnicity in substance abuse. 2015(ahead-of-print):1-19.31. 67. Dennis ML, Scott CK, Funk RR, Nicholson L. A pilot study to examine the feasibility and potential effectiveness of using smartphones to provide recovery support for adolescents. Substance Abuse. 2014(just-accepted):00-00.32. 68. Hoeppner BB, Kahler CW, Gwaltney CJ. Relationship between momentary affect states and self-efficacy in adolescent smokers. Health Psychology. 2014;33(12):1507.33. 69. Shrier LA, Feldman HA, Black SK, et al. Momentary affective states surrounding sexual intercourse in depressed adolescents and young adults. Archives of sexual behavior. 2012;41(5):1161-1171.34. 70. Wright CJ, Dietze PM, Crockett B, Lim MS. Participatory development of MIDY (Mobile Intervention for Drinking in Young people). BMC public health. 2016;16(1):1.



Just-in-Time Adaptive Interventions
JITAIs may be an effective delivery strategy for information and motivational 
messages to be sent both prior to engaging in a risk behavior at the time of 
heightened risk and in response to a risk behavior. 

JITAIs can deliver personalized HIV prevention messages that vary in content and 
dose depending on an individual's current sexual urges, substance use, and spikes in 
stress35 providing the right type and dose at the optimal time.36

JITAIs can target the proximal, modifiable mediators that indicate the emergence of a 
vulnerable state (e.g., high sexual urge, substance use, or spikes in stress).
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Presentation Notes
Talking Points:Real-time interventions can address the challenges related to transiency and heterogeneity among YEH50 by targeting real-time factors such as sexual urge, substance use, and stress at the time of heightened HIV risk.36For example, messages can be sent in response to elevated sexual urge and sent after a recent sexual assault. JITAIs have been found to significantly reduce anxiety and stress,77-79 alcohol use,80 and depressive symptoms81 and increase PrEP uptake among MSM.82 References on this slide:35. 71. Spruijt-Metz D, Hekler E, Saranummi N, et al. Building new computational models to support health behavior change and maintenance: new opportunities in behavioral research. Translational behavioral medicine. 2015;5(3):335-346.36. 72. Nahum-Shani I, Smith SN, Spring BJ, et al. Just-in-Time Adaptive Interventions (JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support. Annals of Behavioral Medicine. 2016:1-17.



Benefits of JITAIs
Build off the willingness to disclose personal information electronically using 
EMA37

Overcome geographic and organizational barriers to reaching the 
underserved38

Require few agency resources, are easily accessible to youth, address 
personalized prevention care

Are particularly attractive to young people especially when they are developed 
with the target audience to enhance sustainable use.39

Presenter
Presentation Notes
Talking Points:Optimizing the interactivity that smartphones provide, it is possible to combine tested mHealth strategies (e.g., text messaging)86 with other proven technology-based strategies such as tailored education87,88 and motivational messaging89,90 to deliver scalable, cost-efficient HIV prevention interventions. These strategies have had positive outcomes for youth smoking cessation91 and among homeless adults,92,93 treatment adherence among youth living with HIV,88 and HIV prevention in African American youth.94,9537. 83. Serrano KJ, Yu M, Riley WT, et al. Willingness to exchange health information via mobile devices: findings from a population-based survey. The Annals of Family Medicine. 2016;14(1):34-40.38. 84. Silva BM, Rodrigues JJ, de la Torre Díez I, López-Coronado M, Saleem K. Mobile-health: a review of current state in 2015. Journal of biomedical informatics. 2015;56:265-272.39. 85. Akter S, Ray P. mHealth-an ultimate platform to serve the unserved. Yearb Med Inform. 2010;2010:94-100.
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PROJECT YEH –
ECOLOGICAL 
MOMENTARY 
ASSESSMENTS



• Homeless youth (N= 66) 
• Recruited from a large drop-in center in Houston, 

TX, between Sept, 2015-Mar, 2016
• Iterative field testing of EMA app
• Received a smartphone and completed up to 5 EMA 

daily for 3 weeks
• Tiered compensation plan
• Demographics, sexual risk, substance use, affect, 

and shelter measured
• Other measures = baseline survey, exit interviews, 

saliva-based stress & inflammation biomarkers

Study Methods

Presenter
Presentation Notes
ages 18–24 Feasibility and exploratory pilot studyIn this analyses, we only utilized the daily EMA data to assess sheltering patterns. Sheltering, drug use, and sexual behaviors were assessed once daily inquiring about yesterday’s outcomes. 



EMA Usage Results

Days of 
Data

Daily
EMA

Random 
EMA

Days w 
Random 

EMA

Event 
EMA

Days w 
Event 
EMA

Total
EMA

Total 964 861 2183 799 670 425 2230

Average 14 13 34 12 10 6 56



Sample Characteristics

• 62% Male
• 21% LGBTQ
• 65% Black 
• 12% Hispanic
• 11% White 
• 8% Other race

Presenter
Presentation Notes
Houston is 49% white, 29% Black, and 37% HispanicHowever, the demographics of this sample approximate that of the homeless youth and adult populations in Houston, TX



Feed-forward neural network with single hidden 
layer comprised of 2 units slightly outperformed 
GLMM on the average training set and sensitivity 
was higher on the average test set

◦ Trained on 100 random samples with 80/20 cross-
validation

Prediction Model Examples

GLMM 
(Training set)

Neural Net 
(Training set)

Sensitivity 0.363 0.385
Specificity 0.930 0.959
LR 5.19 9.37

GLMM decision threshold p=0.30

GLMM 
(Training set)

GLMM
(Test set)

Sensitivity 0.450 0.433
Specificity 0.913 0.907
LR 5.14 4.67

Generalized linear mixed model (GLMM) was 
trained on 100 random samples with 80/20 cross-
validation

Stable prediction performance on training and 
test sets gives more confidence in the GLMM

GLMM decision threshold p=0.30

Presenter
Presentation Notes
Backtracking to previous study… use of machine learning methods for predicting sex and drug use



Project YEH Results: Sexual Behaviors

Presenter
Presentation Notes
During the study, 70% (46/66) of participants were sexually active and reported condomless sex in 102 of the 137 cases of sexual intercourse (74.5%). In total, 82% (38/46) of the youth who reported having sex during the 3 weeks of data collection also reported engaging in high-risk sexual activities, including having condomless sex (24/46, 53%), having multiple sexual partners on the same day (12/46, 26%), trading sex (7/46, 16%), and sharing needles while injecting drugs (1/46, 3%). Of those, 71% (27/38) were engaged in multiple sexual risk behaviors.The predictive model was based on observations from 66 subjects who reported 137 cases of sexual intercourse over 811 days; sexual orientation, race, mental health, drug use, and sexual urge were included as predictors in the parsimonious generalized linear mixed model selected on the basis of the Akaike information criterion. The estimated odds ratios (ORs) were notable for same-day drug use (OR 8.80, 95% CI 4.48-17.31; P<.001) and sexual urge (OR 4.23, 95% CI 1.60-11.28; P=.004). The performance of the risk estimator was satisfactory, as indicated by the value of 0.834 for the area under the receiver operating characteristic curve.



Project YEH Results

Presenter
Presentation Notes
Drug use urge was reported on 26% of days and was the highest on drug use days. Drug use was predicted by discrimination, pornography use, alcohol use, and urges for drugs, alcohol, and to steal. Race/gender and age are not correlated with the outcomes. 



Adaptation to the risk of sex and drugs 
Probability of 
sex/drug-use

Predictors (x’s) and 
parameters (b’s) 

were estimated in a 
prior studyMessaging was adapted based on the real-time 

assessment of the risk of engaging in sex or in 
drug use.
• Sex: predicted by drug use, PTSD, psychosis, sexual 

urge, sexual orientation, and race
• Drug use: predicted by theft urge, drug urge, porn 

viewing, alcohol urge, alcohol use, experienced 
discrimination

Red font indicates 
real-time predictors



Adaptation examples
Sex

Messages to resist sex were triggered 
whenever π > 0.2
If sexual urge and psychosis were present, π = 
0.52. This triggered a message to resist sex.

If drug use was present without any other risk 
factors, π = 0.34. This triggered a message to 
resist sex.

If drug use and PTSD were present, π = 0.09, 
and it did NOT trigger a message to resist sex.

Drug Use

Messages to resist drug use were 
triggered whenever π > 0.33
If drug urge was present, π = 0.80. This 
triggered a message to resist drug use.

If alcohol use was present, π = 0.29, and it did 
NOT trigger a message to resist drug use.

However, if alcohol use was present along 
with experience of discrimination, π = 0.60. 
This triggered a message to resist drug use.



Rationale for JITAIs
• Use mobile health (mHealth) technology that can respond to Ecological Momentary 
Assessments (EMAs) in real-time to deliver personalized messaging and behavioral feedback.23,24

• Used the Information-Motivation-Behavioral Skills model to develop the intervention

• Built in Motivational Interviewing (MI)15,16 and Shared Decision Making25,26 approaches

• YEH received personalized mobile messages that address their current risk

•We conducted a randomized waitlist-controlled trial of MY-RIDE to assess intervention effects

Presenter
Presentation Notes
Mobile delivery of Just-in-Time Adaptive Interventions (JITAIs) addresses common barriers.



MY-RID (Motivating Youth to Reduce Infection and 
Disconnection)



Methods: 
Aim 1

Develop and 
field test 

prevention 
messages that 
address real-

time predictors 
of HIV risk 
behaviors

Message Development
• Used Information, Motivation, and Skills Model
• Study team developed 404 messages 
• Conducted youth working groups (N=5, 10 YEH)
• After YWG revisions, there were 333 messages

Software Programming 
• Study app was developed at the University of 

Oklahoma Health Science Center mHealth Core

Software Testing
• Research team conducted beta testing to 

confirm app functionality and correct any issues

Presenter
Presentation Notes
Talking Points: message developmentused Intervention mapping (IM) approach (Citation) to assure the messaging reflected on cognitive, behavioral, and environmental factors of HIV 4,62 for and general health for those in the control arm. The study team conducted a literature review, talked to their friends and family members, and developed 404 messages guided by the social cognitive theory (SCT) 63 and known HIV change communication strategies64. We then developed youth working groups to review the initial pool of messages to ensure they were appropriately tailored to YEH’s needs65-67. The YWG reviewed the messages and suggested linguistic translations to ensure the messages were motivating, relatable, and culturally sensitive to the needs of YEH. Talking Points: Software programming The study app was developed under Dr. Businelle at the University of Oklahoma Health Science Center mHealth Core.  He has expertise in phone-based interventions from his previous work cigarette ceassation68 and physical inactivity69, and ensured programming of the study measures and messaging. 



Total of 29 youth participated in at least one of four sessions 
Approximately 60% male, 35% female, 5% transgender
Predominantly African American

Sessions #1 & 2: Reworded messages and created new messages

Sessions #3 & 4: Ranked messages

Youth Working Group



Message development

Final messages 
were programed 

into app 

Total messages = 
386

Message finalization:
-Omitted low-ranking messages
-Broke down longer messages

-Added sexual assault messages
-Check to assure final messages 

reflected IMB model

YWG scored 
edited messages 

(1=great to 
5=terrible) and 

mean scores were 
ranked

Research staff 
edited youth 

messages and 
added messages 
based on youth 

feedback
Total messages = 

331 

YWG reworded 
original messages 
and created new 

messages
Total messages = 

307

Research team 
developed and 

categorized 
intervention 

messages guided 
by IMB

Total messages = 
187



Message development 

Topic # 
messages

Message examples

Sex urge 94 • Your sexual urge is high. Don't play without a good defense. Wrap it up.
• Using condoms helps avoid STDs.  Stay healthy and use a condom every time.

Drug & 
alcohol urge

100 • Staying sober can help you stay alert & aware of danger.
• Only you control your drug use, don't let drugs control you.

Stress 27 • Did someone upset you? Take some time, then talk through it when you are calm.
• Things seem very stressful. Use your existing social support network to help resolve stressful situations.

Drug use 37 • Be on top of your game, don't have sex while high.
• Going to a clinic can help when you are ready to stop using.

Had sex 51 • Go get free HIV testing at Legacy Community Health - Montrose Clinic, you will have a peace of mind and know 
your options.

• HIV testing is an important step to keeping you and your sexual partners healthy.

Sexual
assault

8 • If you have been raped, involving law enforcement is YOUR CHOICE. But you need medical care within 72 hours to 
prevent STIs, pregnancy, and HIV. Call 281-306-6893 or go to Houston Area Women’s Center or The Bridge Over 
Troubled Waters.

• If you have been sexually assaulted, the Center of Forensic Excellence can provide care. It is important to arrive 
within 72 hours to obtain medication to prevent HIV, STIs, and pregnancy. Call 281-306-6893 for services.

No urge or 
risk

69 • Fear of failure can be strong, but you are stronger.  Do what you are afraid of, and you are capable of anything.
• What you do today determines your tomorrow. Think about your future before you act.

Control 86 • You need water to regulate your body temperature and help you stay cool on hot days. 
• Fun fact: Vitamin C is important for your immune system and is found in many fruits and vegetables.



Study Methods: 
Aim 2

Evaluate intervention 
feasibility, 

acceptability, and 
initial intervention 

efficacy on HIV resik
behaviors

Conducted a randomized attention 
control trial with 100 YEH 
• Ages 18-25-years-old 
• Houston, Texas 
• May to July 2019



Methods: 
Aim 2

Evaluate 
intervention 

feasibility, 
acceptability, and 
initial intervention 

efficacy on HIV 
risk behaviors

Design:
• The study used a 1:1 randomized attention 

control design with 96 YEH
Recruitment 

• Took place at a drop-in centers and shelter 
during one week in May 2019

Eligibility criteria 
• YEH ages 18-25, HIV risk, and the ability to read 

and speak English
Measures

• The baseline survey assessed demographics, 
substance use, sexual behavior, housing, stress, 
depression, and social support

• Daily EMAs assessed real-time stress, risk 
behaviors  and sexual urge

Presenter
Presentation Notes
Talking Points:The intervention consisted of brief messages delivered via smartphone over 6 weeks in response to pre-identified predictors that were assessed using EMAsA randomized attention control design was used with YEH (N=96) recruited from shelters and drop-in centers in May, 2019. Bayesian hierarchical regression models were used to assess intervention effects on sexual intercourse, drug use, alcohol use, and their corresponding urges. 



Randomized Attention Control Trial 

Recruitment took place at a drop-in centers and shelter

Eligibility criteria include increased HIV risk and the ability to read 
and speak English

The baseline survey assesses demographics, substance use, sexual 
behavior, housing, stress, depression, and social support

Additionally, daily Ecological Momentary Assessments (EMAs) 
assess real-time stress, risk behaviors, and urge



INTERVENTION

Chose a goal related to increase HIV prevention:
Use condoms
Reduce sex partners
Take PrEP daily
HIV testing
Reduce drug & alcohol use
Avoid injection 

Received multiple daily EMAs

Received intervention messages tailored to 
reported behavior & urge

Behavioral interface kept track of goal 
progression

CONTROL

Chose a goal related to increase health 
behaviors:
Increase sleep
Daily exercise
Eat 5 services of fruits and vegetables daily
Avoid tobacco use

Received multiple daily EMAs

Received control messages regardless of 
reported behavior & urge

Behavioral interface kept track of goal 
progression



Message Algorithm 



EMA , Messages, and Behavioral Interface



Participant retention
Provided incentives based on percentage completion every 2 weeks
90-100% = $40
75-89% = $35
50-74% = $30
25-49% = $20
0-24% = $15



Participant retention

Tracked EMA 
completion in Content 
Management System 
(CMS)

Texted and/or called 
participants when no 
survey activity was 
detected



Analyses:

We used 
generalized linear 

mixed effects 
models (GLMM) 

and Machine 
Learning 

strategies for 
quantitative 

analysis

Baseline frequency data were compared between the 
study groups with t-tests and chi-squared tests.

Participant retention was studied to assess the 
feasibility of future studies. 

Bayesian hierarchical regression models were used 
to assess the time and intervention effects on sex, 
drug use, alcohol use, their corresponding urges, 
and reported level of stress. 

Analyses:
We used 

generalized 
linear mixed 

effects models 
(GLMM) and 

Machine 
Learning 

strategies for 
quantitative 

analysis

Analyses:

Intervention 
Effects and Time 

Effects

Counts of participants who engaged at least once in 
sexual and substance use behavior were compared 
between study groups. Likewise for urges and stress.

Presenter
Presentation Notes
Check on randomization. Then participant retention with survival analysis and response rates.The intervention effect was tested on the count data – it represents an aggregate effect over the study.Next, the intervention and time effects were assessed with Bayesian hierarchical modeling.



Methods: Longitudinal Models
Time and intervention effects were modeled with Bayesian 
hierarchical logistic regression 
oThe main outcomes were repeated binary measurements of engagement in sex, drug 
use, and alcohol use

oLog-odds were assumed to have linear dependence on log-days, intervention group, 
and its interaction with log-days

oRandom intercept and slope allowed each participant to have departures from the 
overall level and in the time-dependence of the odds of risky behavior

oBayesian models were implemented with RStan using vague normal priors for means 
and improper uniform priors for variances. Four chains with 4000 iterations were used.



Sensitivity Analysis (NMAR)

oPredict (MAR):
o P(y) = invlogit(βfXf +βrXr)

oModify P(y) to reflect NMAR mechanism

oMultiple Imputation (m=200)

oApply GLMM and pool results with Rubin’s rules

Predict 
(MAR)

Modify 
(NMAR)

Impute 
and 
Pool

Tipping-point approach was used to evaluate 
robustness to (1) time-independent under-
reporting of risky behavior and (2) 
underestimation of time-dependent probability 
of risky behavior when response was missing



Results: Main Outcomes
oIntervention effect for drug use
oControl group: over 6 weeks, the odds of drug use decreased by a factor of 25.1 (95% CI: 4.96 

to 187)
oIntervention group: over 6 weeks, the odds of drug use reduced by an additional factor of 

13.8 (95% CI: 1.17 to 170) relative to the control group

oSexual intercourse and alcohol use reduced over time in both groups
oSex: odds reduced by a factor of 25.6 (95% CI: 7.57 to 108) over 6 weeks
oAlcohol use: odds reduced by a factor of 20.9 (95% CI: 3.45 to 156) over 6 weeks



Daily Drug Use Data: Counts (left) and Proportions (right)

(log scale, base 2) (log scale, base 2)

Presenter
Presentation Notes
Data show the difference in drug use between groups



Drug Use Model: Estimated Odds (left) and Probability (right)

(log scale, base 2) (log scale, base 2)

Presenter
Presentation Notes
Model estimates of drug use: odds and probability over 6 weeks



Daily Counts of Sex (left) and Alcohol Use (right)

(log scale, base 2) (log scale, base 2)

Presenter
Presentation Notes
A difference in groups is not evident in the sex and alcohol use data, but the reduction in time is very clear.



Results: Urges
oUrges for sex, drugs, and alcohol reduced in both groups
oSex urge: lower by a factor of 77.8 (95% CI: 17.8 to 376) over 6 weeks
oDrug urge: lower by a factor of 18.2 (95% CI: 3.35 to 122) over 6 weeks
oAlcohol urge: lower by a factor of 62.8 (95% CI: 8.07 to 697) over 6 weeks

oIntervention effect for sex urge
oOdds of the urge for sex were lower by a factor of 6.33 (95% CI: 1.60 to 26.3) in the 

intervention group

Presenter
Presentation Notes
Secondary outcomes



Results: Stress
oStress experienced now and yesterday also reduced over time in both groups
oOver 6 weeks, odds were lower by factors of 60.7 and 6.24, respectively.

oIntervention effect for stress (aggregate effect)
oProportions of participants who reported feeling stressed yesterday were lower in the 

intervention group (41.7%) compared to the control group (63.3%)

Presenter
Presentation Notes
Another secondary outcome



Adjustment (NMAR) for uniform under-reporting of drug use

.025 + PMAR(y)

.10 + PMAR(y)

Translations of .025, .05, .075, .10 
result in approximately 1, 2, 3, and 4 
unreported drug use events per 
participant, respectively.

Presenter
Presentation Notes
Sensitivity analysis: adjustment for possible uniform under-reporting of drug use



Adjusted (NMAR) Probability for Drug Use

2 x PMAR(y)

4 x PMAR(y)

Multipliers range from 1x to 4x

Presenter
Presentation Notes
Sensitivity analysis: adjustment for possible underestimation of time-dependent probability of drug use



Cells with blue 
outline exhibit 
treatment effect 
with confidence > 
95%

Fa
ct

or
 →

Translation →

Presenter
Presentation Notes
Sensitivity to missing responses were analyzed with a tipping-point approach that indicated that the intervention effect on drug use was fairly robust even if missing data were non-ignorable. 



Discussion
o This intervention was effective at 

1) reducing the odds of substance use
2) reducing the urge for sex
3) reducing stress among YEH

Delivering intervention messages proximal to the time of heightened 
symptoms, may improve stress management and reduce behaviors such as 
substance use and risky sexual activity. 

Intervention effects were also found for reducing urges for sex among YEH. 

Presenter
Presentation Notes
Talking Points:These findings add to the mounting evidence of the modifiability of the predictive factors that impact HIV risk in real-time.26,38-42 While this study was not powered to examine the impact of the intervention on condomless sex, data suggests that experiencing sexual urges can negatively influence the use of condoms.43 As well, while we did not examine the effect on sexual activity while using substances, the substance use literature reports that sex is highest on substance using days46 and that substance use is also associated with sexual risk behaviors (e.g., condomless sex) and sexual victimization among youth.37,44,45 Findings from this study further suggest that MY-RID reduces mental health symptoms such as real-time perceived stress. While reductions in sexual activity, alcohol use, and stress did not reach significance, they decreased throughout the intervention period in both groups. This signal indicates the need to conduct an adequately powered randomized trial to determine if these reductions in risk are sustained over time. 



Limitations 
1. This was a small, pilot feasibility study with a convenience sample which only 

allowed for preliminary analyses of the intervention effects

2. The control condition received generic motivational messages which may have 
positively impacted stress management strategies thereby reducing the signal of 
additional impact from the intervention.  

Strengths
1. Diverse gender identity, sexual orientation, and race/ethnicity of the sample



Conclusions
o The findings from this study suggest a positive effect of a highly 
scalable mobile intervention that increases access to a HIV 
prevention intervention for a hard-to-reach population. 

o These findings also suggest promising intervention effects that 
should be further explored in a larger randomized trial to determine 
if there are reductions in HIV risk behaviors that are sustained over 
time. 

Presenter
Presentation Notes
Other Talking Points:Prevention interventions tailored for YEH continue to be rare and yet have led to improvements in sexual health outcomes.49-53 Therefore, more research is needed to build on YEH’s willingness participate in intervention research studies54,55 and the mounting evidence of efficacy. However, it is crucial to involve YEH in the development of interventions as studies suggest improved outcomes when programs are tailored and relevant.56
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