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Abstract 

Background  While progress has been made in reducing HIV incidence rates among cisgender women, it continues 
to fall short of reaching the goal of ending the HIV epidemic with no new cases.

Objective  This study aims to use innovative electronic methods (e.g., social media with community-informed 
advertisements) to recruit and retain a large (N = 1,800), diverse national sample of women at higher risk for HIV sero-
conversion who are 14 years of age and older to better understand the predictors of HIV-related sexual risk and HIV 
incidence within the context of a theoretically-grounded social-ecological framework.

Methods  A US-based national longitudinal cohort study was launched among cisgender women with greater 
likelihood of HIV seroconversion Participants complete a survey with items related to demographics, substance use, 
mental health symptoms, interpersonal violence and other social factors. Biospecimens include self-collected vaginal 
and rectal swabs, and blood in microtainers to test for HIV, syphilis, chlamydia, gonorrhea, and trichomoniasis every 
6 months for 2 years.

Results  Participant recruitment began in June 2023 and baseline enrollment is scheduled to finish in July 2025.

Discussion  Innovative and culturally sensitive strategies to improve access to HIV prevention and treatment services 
for cisgender women are vital to curb the burden of the HIV epidemic for this key population. Findings from this study 
will inform future research, intervention strategies, and public policies.

Keywords  HIV, STI, Self-sampling, Cisgender women, Cohort

*Correspondence:
Rebecca Schnall
rb897@columbia.edu
1 School of Nursing, Columbia University, New York, NY 10032, USA
2 School of Public Health, University of Alabama at Birmingham, 
Birmingham, AL 35294, USA
3 School of Nursing, University of Alabama at Birmingham, Birmingham, 
AL 35294, USA
4 Northwestern University Feinberg School of Medicine, Chicago, IL 
60611, USA
5 Heersink School of Medicine, University of Alabama at Birmingham, 
Birmingham, AL 35294, USA
6 Columbia University Mailman School of Public Health, New York, NY 
10032, USA
7 Wake Forest University School of Medicine, Winston‑Salem, NC 27101, 
USA

8 Ann & Robert H. Lurie Children’s Hospital of Chicago, Chicago, IL 60611, 
USA
9 Disease Prevention and Health Promotion, Columbia University School 
of Nursing, 560 West 168th Street, New York, NY 10032, USA

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-024-20810-4&domain=pdf


Page 2 of 12Schnall et al. BMC Public Health         (2024) 24:3422 

Introduction
An estimated 7,190 new HIV infections occurred among 
cisgender women (hereafter referred to as women) in 
2022 [1–3]. Several factors have been associated with 
HIV infection among women in the US including socio-
economic conditions (e.g., poverty, unemployment), 
substance use (e.g., alcohol, cannabis, injecting or using 
other substances), and sexual risk behaviors [2, 4–7], 
such as transactional sex, condomless intercourse, sex 
with partners with unknown HIV status, and multiple 
concurrent sex partners [8–10]. However, cohort stud-
ies in the US have failed to link individual level behaviors 
with HIV risk [11, 12]. Factors associated with increased 
risk for HIV included sex partner and community char-
acteristics and socioeconomic factors that may lead 
women to enter sex work or engage in transactional 
sex to survive environments characterized by poverty 
[13–15]. Additionally, women with partners with a his-
tory of incarceration have shown to be at higher risk for 
HIV acquisition due to low rates of condom use, lack of 
HIV testing, and lack of information about prison-related 
risks for HIV acquisition [16]. Disparities in incarcera-
tion among men of color may exacerbate HIV incidence 
among women of color through gender imbalances and 
increased risk behaviors of their previously incarcerated 
partners [16–19].

Furthermore, substance use prior to sexual encounters 
has been associated with greater HIV risk among women 
[6, 7]. Women who use alcohol, cannabis or other sub-
stances before or during sexual encounters are more 
likely to have condomless intercourse and multiple sex 
partners [7, 20–22]. Studies indicate that women who 
use or inject drugs and share needles have higher odds of 
acquiring HIV than men who engage in similar risk-tak-
ing behaviors [7, 23, 24]. Women who use or inject drugs 
face a variety of gender-specific risk environments such 
as poverty, gender-based or intimate partner violence as 
well as legal and social risk environments [7, 14, 23].

While many individual level behaviors increase the 
odds of HIV exposure, social and structural barriers 
such as racism, sexism, poverty, discrimination, violence, 
and HIV stigma have a major impact on access to health 
care, HIV prevention opportunities, and ultimately HIV 
transmission. These barriers fuel the racial/ethnic ineq-
uities in HIV acquisition among women. Due to the 
unequal distribution of HIV incidence and prevalence 
among women of color, the National HIV Strategic Plan 
(2021–2025) lists Black women as a priority population. 
Risk-based screening and contextualizing a woman’s risk 
for HIV solely based on known behavioral risks greatly 
reduces the ability to offer resources and prevention 
opportunities to those who do not disclose stigmatized 

activities or may be unable to identify risk factors but are 
at risk for contextual or structural reasons [25–27].

Network structure and the characteristics of a network 
have significant implications for disease transmission, 
prevention information dissemination, and opportunities 
to promote behavior change. Elements of social network 
structure, including network size, density (connectedness 
between network members), duration (length of relation-
ship to network members), and quality of relationships 
have been shown to influence HIV risk behaviors, with 
supportive networks associated with lower likelihood of 
HIV acquisition and condomless sex, and higher likeli-
hood of HIV testing [28]. The impact of social network 
dynamics on HIV risk [29], has been clearly demon-
strated in young men who have sex with men (YMSM), 
transgender women, and people who inject drugs (PWID) 
[29–31], but has yet to be established in large cohorts of 
women. Some studies highlight that vulnerability to HIV 
among women largely depends on their partners’ behav-
iors or network group [32–37]. Women who frequently 
have sex with men from multiple sexual networks that 
have high prevalence rates of HIV and low awareness of 
status or risk factors have a higher risk of acquiring HIV 
[38]. Thus, understanding the structural dynamics and 
characteristics of social and sexual networks appears to 
be important in understanding HIV transmission among 
women [33]. The American Women: Assessing Risk Epi-
demiologically (AWARE) Cohort Study aims to combine 
epidemiologic methods, digital technology, and data sci-
ence approaches to better understand HIV prevention 
and transmission for women living in the US.

Methods
Study design
The AWARE study will utilize a prospective cohort 
study design that employs innovative electronic meth-
ods to recruit a large racially diverse sample of women 
at high risk of HIV acquisition and examine geospatial 
factors and micro epidemic areas (“hot spots” for HIV) 
to understand differences in HIV risk behavior and 
incidence across geographic areas in the US and its ter-
ritories. AWARE aims to build a knowledgebase of inte-
grated data, including data from an epidemiologic cohort 
of women, disease surveillance, social determinants of 
health, and network data. It will use innovative electronic 
methods (e.g., social media with community-informed 
advertisements) to recruit and retain a large (N = 1,800), 
diverse national cohort of high-risk women 14  years of 
age and older to better understand the correlates of HIV-
related sexual risk and HIV incidence within the context 
of a social-ecological framework.
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Inclusion criteria
To participate in the study, participants must: 1) be 
between 14 and 64 years of age (14 years is the youngest 
age that an individual can take an HIV home test with-
out parental consent in all U.S. states and jurisdictions); 
2) be assigned female sex at birth; 3) identify as female; 
4) understand and read English or Spanish; 5) live within 
the U.S. and its territories; 6) be HIV-negative; and 7) 
self-report condomless vaginal or anal sex with a male in 
the past 6 months. Potential participants must also meet 
one or more of the following criteria in the past 6 months 
to be eligible for participation: injection or non-injection 
drug use (i.e., heroin, cocaine, crack cocaine, metham-
phetamine, or prescription drugs apart from those pre-
scribed by a licensed provider); alcohol dependency or 
binge drinking; self-reported history of sexually trans-
mitted infections (e.g., gonorrhea, chlamydia, or syphi-
lis); exchange of sex for commodities, such as drugs, 
money, or shelter; male sexual partner with reported his-
tory of either injection or non-injection drug use, alco-
hol dependency or binge drinking, history of sexually 

transmitted infections, HIV diagnosis; history of intimate 
partner violence (IPV) or sexual assault, or incarceration 
of partner or self (jail or prison ≥ 24  h) within the past 
5 years.

Exclusion criteria
We exclude women who staff determine participation 
may be detrimental to the participant or to the study (e.g., 
severe cognitive deficit) and persons unable or unwilling 
to provide consent for study participation. We carefully 
considered whether to include transgender women or 
individuals who identify along the transfeminine spec-
trum but opted to exclude them because mechanisms 
of HIV risk are considerably different for transgender 
women compared to cisgender women.

Recruitment
We are recruiting participants using community-
informed advertisements posted on platforms like 
Instagram or Facebook. Figure  1 illustrates sample 
advertisements for this study. In addition, recruitment 

Fig. 1  Sample study advertisement
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materials are distributed at physical locations such 
as Community-Based Organizations (CBOs). Physi-
cal recruitment materials contain QR codes that will 
automatically direct potential participants to the study 
screener, or to the Study Team for more information 
regarding the study before screening. See Fig. 2 for more 
details about the recruitment process.

Screening procedures
Clicking on an advertisement prompts potential partici-
pants to complete a brief consent form and be screened 
for eligibility. Once they provide consent, participants 
will be electronically screened through REDCap for eli-
gibility using the full screening instrument. Participants 
sign an e-consent form indicating their willingness to 

receive a study package and provide their address so the 
study team can send them the package.

Study packages
Prior to the study visit, participants receive a study 
package via FedEx. The study package includes: One 
cushioned envelope, a FedEx Envelope or Clinical Pak 
and Air bill pre-addressed to the lab, package inserts, 
sample collection instruction sheet, requisition form, 
a hot compress and Testing Materials: a) Blood Col-
lection Materials: 2 Lancets, 1 Microtainer Tube, 2 
Bandages, 2 Gauze Pads, 2 Alcohol Swabs, b) Swab 
Collection Materials: 2 Multicollects (Vaginal and 
Rectal Swab), one pair of Gloves, and c) Extra Materi-
als: 2 Condoms (latex or non-latex), a Desiccant bag, 

Fig. 2  AWARE recruitment protocol
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Specimen Labels, Biohazard Bag. Items are illustrated 
in Fig. 3.

Informed consent
Interested participants will review information about 
the study before screening and will indicate their 
interest to screen via REDCap. At the enrollment visit 
written informed e-consent for study participation is 
collected, providing details about study procedures, 
risks, benefits, site contact information, confidentiality, 
and voluntary participation. The consent process also 
details the trial and study compensation.

Enrollment
Participants who screen eligible are scheduled to meet 
with a study team member via videoconference call. This 
ensures the integrity and success of the study because:

1)	 We can eliminate fraud by verifying participants’ 
identities via video conference—fraud being a poten-
tial problem in online research; and

2)	 We establish rapport with our study participants, 
which has resulted in very high retention rates 
related to this rapport building between our staff and 
study participants, which will be augmented by elec-
tronic retention strategies in this study.

3)	 Prior to signing the e-consent form, participants are 
asked to participate in a confirmatory screening visit 
via videoconferencing during their baseline phone 
call to confirm race, sex, and age. If participants are 
deemed ineligible, we let them know that we can-
not continue with the visit because eligibility has 
changed.

4)	 To cross-check age, participants are asked their date 
of birth.

5)	 Participants are required to show a form of photo 
ID during the initial video conference to verify their 
identity. If a participant does not have a government 
or school issued ID, we will ask them to furnish a 
report card/transcript with their legal name, age, and 
sex.

During the enrollment visit, participants will be asked 
to provide an address and contact information so that 
study materials can be sent, and staff can follow up with 
them throughout the study. We will collect each par-
ticipant’s cell phone number, email address, as well as 
encourage them to share their social media handles (e.g., 
Snapchat, Instagram, Twitter Facebook, WhatsApp, and/
or Skype usernames). Study staff will not send messages 
or leave voicemail messages unless expressly permit-
ted to do so by the participant. If permission is given to 
leave voice messages, site staff will assure participants 
that messages left will not include any protected health 

Fig. 3  Contents of study packages
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information or information related to study participation. 
Contact information will be maintained using the same 
confidential data management practices used for all study 
data.

Once screened eligible, participants will complete the 
baseline assessment comprised of the study measures 

listed in Table 1. We will use REDCap and Qualtrics for 
survey data collection; the benefits [13] for large multisite 
studies include direct electronic data capture and interac-
tive data capture checks, allowing for secure and consist-
ent data capture across sites. Participants scoring above 
15 on the General Anxiety Disorder-7 or Center for 

Table 1  AWARE study measures

Demographic Characteristics

  Height; Weight; Gender identity; Ethnicity

  PRAPARE [39]

  Reproductive health

  Religion

  Menstrual period; Birth control; Pregnancy

  Pregnancy discrimination

HIV Risk Behavior Knowledge

  HIV Transmission Knowledge [40]

Self-efficacy for Safe Sex

  Sexual Self-Efficacy Scale [41]

  STI

  DoxyPep

Reproductive Autonomy

  Reproductive Autonomy Scale [42]

Pregnancy Coercion/Birth Control Sabotage

  Reproductive Coercion Scale [43]

BioIndividual Level Abortion Stigma Scale

  Abortion stigma scale [44]

Substance/Drug/Alcohol Use

  TAPS Tool [45]

  AUDIT-C [46]

Partner Characteristics and Risk Behaviors

  Brief AIDS Risk Behavioral Assessment (ARBA) [47]

PrEP Routing

Current PrEP Use

PrEP Stigma

Intimate Partner Violence

  Composite Abuse Scale Short Form (CASR_SF) [48]

Depression

  Center for Epidemiologic Studies Depression Scale Revised (CESD-R-10) [49]

Anxiety

  General Anxiety Disorder-7 (GAD-7) [50]

Stressful Life Experiences [51]

Health History [52]

  Douching

Discrimination [53]

Traumatic Life Events [54]

Adverse Childhood Experience [55]

Review of Systems

Social Support

Health Literacy

  Newest Vital Sign [56]
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Epidemiologic Studies-Depression-10 scales for anxiety 
and depression will receive a popup message in Qualtrics 
with mental health resources. All participants receive the 
same list of resources upon enrollment in the study.

HIV testing
At baseline visits and follow-up timepoints, participants 
will receive a box (in plain unmarked packaging) contain-
ing self-collection kits (affixed with unique, matching 
barcoded stickers to enable specimen identification upon 
return) and written instructions with color images. Par-
ticipants will be given the option to have a direct signa-
ture required on shipped materials. They will also receive 
a link to video instructions via email or text message. Par-
ticipants will be instructed to package their specimens in 
a biohazard bag and prepaid envelope and return them 
directly to the study lab at Emory University in Atlanta, 
Georgia. Finger-stick blood samples will be screened for 
HIV. If positive, the lab will perform an additional Asante 
Recency test to determine when the infection may have 
occurred. Participants who are unable to give sufficient 
blood samples for HIV and syphilis testing will be offered 
a re-sampling Zoom visit with our team. Participants who 
are scheduled for re-sampling may use Tasso + devices to 
collect blood. The Tasso + is a blood lancet that collects 
whole liquid blood samples. Participants who test HIV-
positive will be referred to care. Linkage to care strategies 
will include a variety of modalities. Active approaches 
will involve one-on-one follow-up phone calls by trained 
study staff who will provide referral information for 
ongoing HIV treatment in the participant’s area of resi-
dence. Participants who test HIV negative will be sent a 
secure email through REDCap with their negative test 
results.

Sample self‑collection for STI testing
We will follow the same procedure for baseline visits and 
follow-up visits for STI testing. Participants will be given 
time to perform the self-collections during baseline vis-
its, remaining on a secure video call but turning video 
and camera off. Study staff will be available to answer 
questions and provide instructions for returning speci-
mens to the lab.

PrEP use
Participants who self-report current PrEP use at any 
study visit will be asked to collect an urine sample that 
will be tested using a lateral flow tenofovir immunoas-
say developed by the University of California, San Fran-
cisco (UCSF) Analytical Laboratory, in collaboration with 
Abbott Rapid Diagnostics [57]. The assay has been vali-
dated against the gold standard of LC–MS/MS to accu-
rately measure tenofovir uptake [58].

Network study procedures
A subsample of 200 women will be enrolled into the 
network sub-study. We will create a network sampling 
frame by stratifying cohort participants to ensure rep-
resentation by jurisdictional HIV hotspots (defined as 
ZIP codes with HIV prevalence > 5%) and behavioral 
HIV risk mode (85% heterosexual vs. 15% PWID). All 
potential participants for the network interview will be 
electronically screened through REDCap for eligibility 
using a standardized screening instrument; if eligible and 
willing to participate, they will provide e-consent in the 
same manner described for the main cohort. Selected 
participants will complete a 1  hour, interviewer-admin-
istered virtual network survey, deployed and managed 
on Network Canvas [59, 60], a user-friendly, interactive 
software suite designed to facilitate complex data collec-
tion. Participants will be asked to name people in their 
social, sexual, and drug use networks (name generators), 
describe the demographics and behaviors of these (male 
and female)  network members (name interpreters), and 
indicate how each of these network members are con-
nected (sociogram).

Cohort members who complete the network sur-
vey (i.e., index respondents) will be given five coupons 
linked to their cohort study ID and asked to refer their 
sexual and/or drug use network members to participate. 
Referred participants must be linked to an index partici-
pant by presenting a coupon or knowing the participant’s 
name and be either a sexual or drug use connection. A 
cohort participant’s study data will be used as attributes 
in the social network analysis; network members who 
are recruited into the network survey will complete an 
attribute survey in addition to the relational social net-
work survey. The attribute survey will contain measures 
of demographics and sexual and drug use behaviors. Each 
index participant can refer up to 5 referrals. Referred 
participants will also complete STI testing with the staff 
member on a Zoom call. Female participants will provide 
blood samples to be tested for HIV and syphilis, vaginal 
swab samples to be tested for chlamydia, gonorrhea, and 
trichomoniasis, and rectal swab samples to be tested for 
chlamydia and gonorrhea. Male participants will provide 
blood samples to be tested for HIV and syphilis, rec-
tal swabs to be tested for chlamydia and gonorrhea, and 
urine and urogenital samples to be tested for chlamydia, 
gonorrhea, and trichomoniasis.

Follow‑up visits  Participants are sent a REDCap form 
to update their address every 6  months. Participants 
are also sent a survey with a battery of questions listed 
in Table  1. After completing the address form, study 
staff mail a package to each participant which contains 
a self-sampling kit and a return pre-paid package which 
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is sent to the laboratory at Emory University. Follow-up 
survey and testing is completed every 6 months until the 
24-month timepoint.

Laboratory procedures  Blood samples are tested using 
the OraQuick Advance HIV-1/2 Rapid Antibody Test for 
the presence of HIV 1 and 2 antibodies. Utilizing a pro-
prietary lateral flow immunoassay procedure, this test 
allows for rapid diagnosis. Samples are reported as Non-
Reactive or Reactive. Rectal and vaginal swabs are tested 
using the Abbott Real Time CT/NG assay, which is an 
FDA cleared real-time polymerase chain reaction (PCR) 
assay for the direct, qualitative detection of a region of 
the cryptic plasmid DNA of Chlamydia trachomatis 
(CT) and a region of the Opa gene of Neisseria gonor-
rhoeae (NG). The CT/NG assay is used for dual detection 
of C. trachomatis and N. gonorrhoeae. CT: Sensitivity 
95.2% Specificity 99.3%; NG: Sensitivity 97.5% Specificity 
99.7% Samples are reported as Negative or Positive. Vagi-
nal samples are tested for the presence of Trichomonas 
vaginalis using Taq-Man PCR. The limit of detection for 
the TV assay is < 0.2 organisms per reaction or 40 cop-
ies per mL. The sensitivity/specificity of the TV assay is 
100% and 99.6%. The product is detected with an inter-
nal probe which fluoresces upon cleavage by exonucle-
ase activity of Taq polymerase. Samples are reported as 
Negative or Positive. The traditional diagnostic algorithm 
for syphilis testing is used. A screening test for syphilis 
serology is completed with the ASI RPR (rapid plasma 
reagin) Card Test—a qualitative and semiquantitative 
nontreponemal flocculation test for the detection of 
reagin antibodies in human serum and plasma. The result 
of this antigen–antibody reaction is macroscopic floccu-
lation. Samples are reported as Non-Reactive or Reactive 
plus a titer. Reactive samples with enough volume are 
confirmed with a T pallidum IgG/IgM EIA immunoassay, 
which is performed at Emory Medical Laboratories. All 
test results are provided to participants within a period of 
7 days of receipt by the laboratory.

Data management and monitoring
All study data will be stored in password-protected com-
puters or file cabinets in locked offices. All research team 
members are  completing the protection of human sub-
jects and HIPAA research exams and sign a protocol-
specific conflict of interest. Risks will be minimized by 
not including personal identifying information on the 
forms, when possible, and by conducting collection of 
personal information in a private setting. All data will 
be collected using unique patient identification codes. 
All laboratory specimens, evaluation forms, reports, 
and other records will be identified by a coded number 

to maintain participant confidentiality. Study data will 
be collected and managed using REDCap, a secure web 
application designed to support data capture for research 
studies, providing user-friendly, web-based case report 
forms, real-time data entry validation (e.g., for data 
types and range checks), audit trails, and deidentified 
data export mechanisms to common statistical packages 
(SPSS, SAS, Stata, R/SPlus). Study data will be collected 
and managed using REDCap. All study data will be har-
monized into a single database. Individual self-report and 
biomedical cohort data will be accessed via REDCap and 
network data will be accessed via Network Canvas. Big 
Data variables will be merged with individual participant 
residential location using Geographic Information Sys-
tem (GIS) technology on a local secure desktop (i.e., not 
cloud-based). The residential address of each participant 
will be geocoded using Esri ArcPro and Street Map Pre-
mium. The geocoding process transforms an address to 
its corresponding point location on the earth’s surface. 
Using GIS the county and census tract boundaries that 
the geocoded point lies within are identified and a unique 
geo-identifier for each administrative boundary is added 
to the individual point locations as an attribute. To main-
tain confidentiality and participant privacy, the geocoded 
residential location of each participant will only be used 
for the purpose of aggregating the number of participants 
to a larger geography which anonymizes the locations 
within the county and census tract. Individual partici-
pants will not be mapped for manuscript or presentation 
display.

Cohort statistical analysis
Descriptive characteristics of all participants will be esti-
mated using means (standard deviations) and frequencies 
(percentages). We will define HIV and STI incidence as 
the presence of a positive test after a previous negative 
test. Overall HIV and STI prevalence will be defined as 
having a positive test during the study period. STI preva-
lence will be examined in two ways. First, overall STI 
prevalence will be estimated using the entire follow-up 
period for each participant and indicated by any positive 
test at any time. Raw frequencies and percentages and 
95% confidence intervals will be calculated. To examine 
relationships with other factors, specifically race/ethnic-
ity, age, and region, Modified Poisson regression models 
will be used to estimate risk ratios adjusting for poten-
tial confounders (e.g., marital status) for STI prevalence. 
Additionally, we will model each STI separately. Lastly, 
we will count the number of STIs during follow up and 
will model that count using Negative Binomial regression 
with an offset of person-time as described previously for 
both overall STIs and by each STI separately. We will 
examine STI incidence longitudinally using generalized 
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linear mixed models allowing us to examine factors 
related to STI incidence at each follow-up over time. 
PrEP use will also be modeled longitudinally with gener-
alized linear mixed models to identify factors associated 
with PrEP initiation as well as time trends for PrEP use. 
For all models described above, we will examine indi-
vidual survey items and contextual data separately and 
jointly. As some measures are likely correlated, e.g., pov-
erty and unemployment rates, we will investigate mul-
ticollinearity and remove any factor that has a variance 
inflation factor greater than 10 from multiple models 
with the assumption that we examine each factor unad-
justed. While the above models will permit examination 
of associations with HIV risk outcomes, we will also test 
predictive models for each outcome using extreme gra-
dient boosting, a type of applied machine learning [61]. 
This method has become more prominent than other 
predictive modeling techniques due to computation 
speed and model performance [62] and has been used in 
predicting other HIV related factors [63, 64]. Addition-
ally, it allows for integration of multiple imputations to 
maximize the number of participants included. 5-fold 
cross-validation will be employed to assess model perfor-
mance. Feature importance, i.e., factor importance, will 
be used to identify which variables, such as age and race/
ethnicity, were most useful in the modeling process.

Network data analysis
Once data collection has been completed at each time-
point, we will attempt to create a macro network by 
merging individuals who appear across multiple ego-
centric networks [65]. We will use bivariate analyses to 
assess demographic associations (i.e., region, age, and 
risk mode) with network characteristics including den-
sity, homophily (similarity), multiplexity (overlap in 
sexual and social networks), and tie strength. Both indi-
vidual- and network- level factors will be included in an 
exponential random graph model to test whether any of 
these variables are associated with the presence of more 
connections than would be expected by chance. Sum-
mary network variables will be incorporated into the 
knowledgebase for multi-level analysis.

Protection of human subjects
All participants are informed of the risks of participa-
tion, including and not limited to lost packages and 
mis-delivery of packages. All participants must provide 
e-consent to participate. A waiver of parental consent 
has been granted by the IRB since participants 14 years 
of age and older are considered adults regarding HIV 
and STI testing. All participants are compensated for 

their time to participate in the study activities; $50 for 
the baseline study visit, $60 for the 6- month visit; $75 
for the 12-month visit (including completing the survey, 
HIV test, and STI self-collection); $90 at the 18-month 
visit and $100 at the 24-month visit. Women who com-
plete urine testing for PrEP receive an additional $40. The 
study protocol and its amendments, informed consent 
forms, and recruitment materials were approved by the 
Columbia University Institutional Board under protocol 
# AAAU2650. All participants provided written informed 
e-consent for study screening and participation, and HIV 
and STI testing. Positive test results are reported to local 
and state level health departments based on the require-
ments of each municipality of where the participant 
resides.

Discussion
AWARE aims to build a knowledge base of integrated 
data, including data from an epidemiologic cohort of 
women, disease surveillance, social determinants of 
health, and network data. This cohort study will use inno-
vative electronic methods (e.g., social media with com-
munity-informed advertisements) to recruit and retain a 
large (N = 1,800), diverse national sample of women who 
meet inclusion criteria or women that are or could be 
disproportionately impacted by HIV who are 14 years of 
age and older to better understand the correlates of HIV-
related sexual risk and HIV incidence within the context 
of a theoretically-grounded social-ecological framework.

Establishing and maintaining a cohort digitally requires 
minimal engagement with study participants. This low-
interaction strategy provides researchers opportuni-
ties to describe trends in STI and HIV infections, while 
minimizing participant burden (sampling bias) [66] that 
has been seen in other cohort studies. This approach also 
has the advantage of identifying women across the US 
without relying on discrete recruitment sites. Further, in 
prior studies, digital approaches have facilitated recruit-
ment into research studies irrespective of geographic 
location, improving the inclusion of people in rural and 
underserved areas, as well as marginalized individuals 
who experience substantial stigma and discrimination. 
The proposed study is therefore well positioned to help 
identify factors related to HIV risk among women who 
are often hard-to-reach [67–75].

Previous cohort studies enrolling women vulner-
able to HIV infection and assessing behavioral risk 
factors associated with HIV risk include the Women’s 
HIV SeroIncidence Study (i.e., HIV Prevention Trials 
Network (HPTN) study 064) which enrolled women 
from geographic areas with high rates of poverty and 
HIV prevalence to understand behaviors associated 
with the risk of HIV [11]. Enrollees reported a range of 
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individual and partner-level sexual and drug use risk 
behaviors. Researchers found HIV incidence rates that 
were substantially higher than the 2009 U.S. national 
general population estimate from the CDC among 
Black women of similar age (0.05%) [76] that were com-
parable to the adult HIV incidence rates of sub-Saharan 
African countries at that time [77]. However, no spe-
cific individual-level sexual behavior was predictive of 
increased risk for HIV acquisition, supporting the need 
for further investigation of factors predicting HIV risk 
among women. In a study focused on HIV risk among 
Black women living in lower-income communities, 
socioeconomic factors (e.g., homelessness and receipt 
of Medicaid), older age (> 35  years old), and sex part-
ner characteristics, rather than sexual behavior, were 
associated with HIV acquisition [12]. Findings from 
these studies highlight the lack of a direct correlation 
between individual-level behavior and HIV incidence 
and support the need to better understand sexual net-
works and community characteristics, which so far 
have been understudied in women vulnerable to HIV. 
Furthermore, despite two decades of research on social 
network characteristics and interventions among popu-
lations at high risk for HIV acquisition, there is a dearth 
of research among populations disproportionately 
impacted by HIV.

Our study has several limitations. The anticipated 
challenges inherent in studying at-risk populations 
include high participant attrition and low enrollment, 
as well as high rates of loss to follow-up. To address 
these challenges, we have built a robust protocol that 
minimizes attrition through comprehensive collection 
of information on how to locate and contact partici-
pants, active tracking and engagement of participants 
between appointments, and graduated incentives to 
encourage retention. Knowledge gained through this 
study will inform strategies that are most effective in 
retaining women for HIV risk studies.
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