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Background: Young adults living with HIV (YLWH) have suboptimal adherence to antiretroviral therapy
(ART) and HIV care outcomes. Mobile health technologies are increasingly used to deliver interventions
to address HIV health outcomes. However, not all YLWH have equal and consistent access to mobile
technologies.

Methods: Using our novel Mobile Technology Vulnerability Scale (MTVS) to evaluate how vulnerable an
individual feels with regard to their personal access to mobile technology in the past 6 months, we conducted
a cross-sectional online survey with 271 YLWH (18-29 years) in the US to evaluate the relationships
between MTVS and self-reported ART adherence.

Results: Participants reported changes in phone numbers (25%), stolen (14%) or lost (22%) phones,
and disconnections of phone service due to non-payment (39%) in the past 6 months. On a scale of 0 to
1 (0 having no mobile technology vulnerability and 1 having complete mobile technology vulnerability),
participants had a mean MTVS of 0.33 (SD =0.26). Black and financially constrained participants had the
highest MTVS, which was significantly higher that other racial/ethnic and financially non-constrained
groups, respectively. Higher MTVS was significantly associated with ART non-adherence and non-
persistence.

Conclusions: Findings suggest the need to measure M'TVS to recognize pitfalls when using mobile health
interventions and identify populations whose inconsistent mobile technology access may be related to worse

health outcomes.
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Introduction

Young adults living with HIV (YLWH) in the US have
suboptimal antiretroviral therapy (ART) adherence and
retention in HIV care, contributing to lower levels of HIV
virologic suppression compared to older age groups (1-4).
ART non-adherence can result in drug resistance, secondary
transmission of drug resistance, reduced quality of life, and
increased mortality (5-7). Interventions that improve ART
adherence can significantly enhance virologic suppression
and reduce onward transmission of HIV and death among
YLWH (8). Due to the high levels of ownership of mobile
technologies (such as smartphones) among youth (9,10),
digital health solutions are a potential mechanism to deliver
interventions to improve HIV treatment outcomes among
YLWH.

The Pew Research Center shows high access to mobile
phones among youth and young adults (9), as a result,
many studies are examining the influence of mobile phone
interventions for setting reminders to take and refill
medications, receiving psychotherapeutic interventions, and
communicating with healthcare teams (11-13). Additionally,
the SARS-CoV-2 pandemic has further underscored the
importance of access to digital technologies, many of
which have allowed for remote clinical visits with HIV care
providers and mental health and substance use counseling,
while maintaining a human connection (14-17). However,
many questions remain, including: What does mobile phone
access look like among YLWH? How consistent is this
access? How does the need to pay for mobile phone services
compete against other expenses? How do individuals with
access to mobile phones afford and maintain mobile phone
data plans? How often do YLWH experience challenges by
not paying their mobile phone bill? How is an individual’s
level of mobile technology vulnerability related to their
healthcare, ART adherence, and clinical outcomes?

We developed the Mobile Technology Vulnerability
Scale (MTVS) to better describe mobile technology access
and consistency of access and explore competing needs to
pay mobile phone bills and afford data plans (18). Given
the relative importance of mobile technologies in the lives
of YLWH (particularly during the SARS-CoV-2 pandemic
(19,20) and the increasing prominence of mobile health
interventions, it is critical to measure the level of mobile
technology vulnerability that individuals experience and
how this vulnerability may be associated with clinical
outcomes. Therefore, we set out to examine self-reported
mobile technology vulnerability and its association with
ART adherence. We present the following article in
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accordance with the STROBE reporting checklist (available
at https://mhealth.amegroups.com/article/view/10.21037/
mhealth-21-54/rc).

Methods
Study design, participants, and procedures

Between April 2021 and August 2021, we conducted an
online survey with a convenience sample of young adults
(18-29 years of age) living with HIV in the US to examine
mobile technology vulnerability and associations with
ART adherence. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the University of California, San
Francisco Institutional Review Board (No. 20-29992)
and electronic informed consent was obtained from all
participants. All study activities were conducted completely
remotely to increase demographic and geographic
diversity, willingness to participate, and generalizability of
findings (21). Participants were recruited using social media
posts (e.g., Twitter, Facebook), advertisements on dating
apps (e.g., Jack’d), and via study flyers emailed to clinical
providers, clinic staff, and organizations serving YLWH.
Eligible participants were 18-29 years old, living in the
US, living with HIV, able to complete the study survey in
English, and willing to provide informed consent.

We used the Health Insurance Portability and
Accountability Act-compliant Qualtrics software (a cloud-
based platform for creating and distributing web-based
surveys) and a university-encrypted study mobile phone for
surveys and communications. Interested YLWH completed
the screening survey online (using Qualtrics) or by phone.
We verified age of participants with a Qualtrics-uploaded
or text-messaged photo identification card showing name
and date of birth. We verified HIV status with a photo of
antiretroviral medication bottle or laboratory report or
healthcare provider letter showing the participant’s name
and HIV status or HIV viral load. Based on preference,
eligible participants were texted or emailed consent
information and a unique link to complete the online study
survey. Upon completion of the survey, participants were
given the option to receive $40 via a cash transfer mobile
app or an e-gift card.

Measures
Demographics

Demographic variables included participant age, sex

mHealth 2022;8:23 | https://dx.doi.org/10.21037/mhealth-21-54


https://mhealth.amegroups.com/article/view/10.21037/mhealth-21-54/rc
https://mhealth.amegroups.com/article/view/10.21037/mhealth-21-54/rc

MHealth, 2022

assigned at birth and current gender identity, race and
ethnicity, sexual orientation, and state of residence. Socio-
economic status items included educational attainment,
employment status, and perceived financial situation (I have
enough money to live comfortably; I can barely get by on
the money I have; I cannot get by on the money I have).

MTVS

MTVS was developed to evaluate access to mobile
technology to meet personal needs among 18-29-year-old
living with HIV (18). The M'TVS is analogous to the food
insecurity scale (22); however, instead of food insecurity,
it examines how vulnerable an individual feels with regard
to their personal access to mobile technology in the past
6 months. Seventeen questions are asked on a response
scale of 0= “No”, 1= “Yes” and summed and divided by 17
to yield a mean technology vulnerability score with higher
scores indicating higher levels of technology vulnerability
(o =0.84) (18). Items are listed in the Results section.
The MTVS was developed by investigators at the UCSF
Division of Prevention Science and refined via cognitive
interviews with members of the Division’s Youth Advisory
Panel in San Francisco, CA.

ART adherence

Self-reported ART adherence over the previous 30 days
was measured using three items: “In the last 30 days, on
how many days did you miss at least one dose of any of your
HIV medications?” (0-30; which was reversed to calculate
the number of days that the respondent did not miss any
doses of HIV medications); “In the last 30 days, how good
a job did you do at taking your HIV medications in the
way you were supposed to?” (0 = very poor, 5 = excellent);
and “In the last 30 days, how often did you take your HIV
medications in the way you were supposed to?” (0= rarely
to 5= always). Responses were used to calculate a validated
ART adherence composite (23) by linearly transforming
responses to each question to a score of 0-100, and then
averaging across the three to compute a single ART
adherence score on a 0-100 scale (zero being the lowest
adherence and 100 the highest). In addition, a single item
asked participants how many times they missed taking ART
for at least four days over the past 3 months (24,25).

Statistical analysis

Participant characteristics were described using univariate
analyses [means, standard deviations (SD), frequencies,

© mHealth. All rights reserved.

Page 3 of 9

and percentages]. Based on the scale development (18), we
used the mean of the 17 MTVS items to compute a single
MTVS per participant. The single MTVS was correlated
with each self-reported ART adherence question, the self-
reported ART adherence composite, and the single item
regarding missing ART four days in-a-row. Due to lack
of normal distribution of the MTVS and ART adherence
measures, Spearman non-parametric correlations were
used throughout. Kruskal Wallis tests were used to test the
correlation between MTVS and categorical variables for
race/ethnicity and financial status. Race/ethnicity responses
were categorized into three mutually exclusive groups
based on collected responses: Latinx, Black non-Latinx,
and all other race/ethnicity groups that were non-Latinx.
Wilcoxon-Mann-Whitney tests were used to test the
correlation between M'TVS and binary variables for age and
gender. Gender responses were categorized as cis-gender
men versus all other genders. Age responses were split into
age groups of 18-24 and 25-29 years of age [this cut-off was
used because that is the age at which YLWH are transferred
to adult services (26)]. Participants with missing data
specific to any analysis were excluded from that analysis.
Analyses were conducted using Stata (version 11).

Results

We surveyed 271 YLWH in the US who were majority cis-
gender male (86%), gay (77 %), and Black non-Latinx (69%).
Most participants were living in the US south (49%) and
had a mean age of 26 [standard deviation (SD) =2.8]. Tuble 1
details participant characteristics.

Among the participants who responded to the ART
adherence questions (N=254), 97% were on a once-daily
ART regimen and 88% reported missing fewer than six
doses in the past 30 days (equating to ART adherence of
>80%), 72% rated their ART adherence as excellent to very
good, and 78% noted that they always or almost always
took their ART in the way that it was prescribed (Table 2).
This resulted in a mean composite ART adherence score
of 84% (SD =18.7). Nearly 42% of participants noted that
they had entirely missed ART for at least 4 days in a row on
at least one occasion.

A different subset of 254 participants responded to the
MTVS questions, although two participants chose to answer
“prefer not to answer” to nearly all questions, resulting in an
MTVS score being calculated for 252 participants (235 of
whom also had an ART adherence score). On a scale of 0 to
1 (0 having no mobile technology vulnerability and 1 having
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Table 1 Characteristics of survey participants Table 1 (continued)
Characteristics N=271 Characteristics N=271
Age Highest level of education completed, n [%]
Mean years (SD) 2638 Did not complete high school or GED 16 [6]
Median years [IQR] 26 [24-28] Completed high school or GED 95 [35]
Sex assigned at birth, n [%] Some college, less than a bachelor’s degree 102 [38]
Male 254 [94] Bachelor’s degree or higher 58 [21]
Female 1408 Current work situation, n [%]
Other, prefer not to answer 3] Employed 142 [52]
Gender (select all that apply), n [%] Unemployed or laid off 91 [34]
Cis-gender man 233 [86] Disabled or sick leave 17 [6]
Cis-gender woman 15 [6] Student 13 [5]
Gender non-binary 1616] Other/Prefer not to answer 8[3]
Transgender woman 11 [4]

GED, General Educational Development; SD, standard deviation;
Other, transgender man, genderqueer, 10 [4] IQR, interquartile range.
questioning, prefer not to answer

Sexual orientation (select all that apply), n [%]
Table 2 Adherence to antiretroviral therapy and mobile technology

Gay 208 [77] vulnerability score
Bisexual 51[19] Adherence questions and mobile technology N=254
Straight 16 [6] vulnerability score
Other, lesbian, prefer not to answer 17 [6] How many timef[s] per day do you have to
take your HIV meds?, n [%)]
Region of residence, n [%]
Once a day 246 [97]
South 134 [49]
Twice a day or more 8[3]
West 65 [24]
_ In the last 30 days, how many days did you
Midwest 46 [17] miss at least one dose of any of your HIV
Northeast 26 [10] meds?, n [%]

Racial identity (select all that apply), n [%)] 0 95 [37]
Black American non-Latinx 187 [69] 1-5 130 [51]
Latinx 48[18] 6-30 29 [11]
White non-Latinx 27 [10] In the last 30 days, how good a job did you do

at taking your HIV meds in the way you were
Asian non-Latinx 9 [3] supposed t0?, n [%]
Other non-Latinx, American Indian non-Latinx, 20[7] Excellent 100 [39]
Native Hawaiian non-Latinx, prefer not to answer
Very good 83 [33]

Financial situation, n [%)]

Good 31[12]
| have enough money to live comfortably 56 [21]

Fair 23 [9]
| can barely get by on the money | have 149 [55]

Poor 14 [6]
| cannot get by on the money | have 60 [22]

Very poor 3[1]
Prefer not to answer 6 [2]

Table 2 (continued)
Table 1 (continued)
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Table 2 (continued)

Adherence questions and mobile technology

vulnerability score N=254

In the last 30 days, how often did you take

your HIV meds in the way you were supposed

to?, n [%]
Always 124 [49]
Almost always 74 [29]
Usually 32 [13]
Sometimes 18 [7]
Rarely 51[2]
Never 1[0.4]

ART adherence score
Mean [SD] 84 [18.7]
Median [IQR] 87 [77-100]
Minimum score among respondents 0
Maximum score among respondents 100

Over the past 3 months, on how many

occasions did you miss taking your HIV meds

entirely for at least 4 days in a row?, n [%)]
Never 137 [54]
Once 31[12]
Twice 22 [9]
Three times 25[10]
More than three times 29 [11]
Don’t know 8 [3]
Prefer not to answer 2[0.8]

Mobile technology vulnerability score (N=252%)
Mean [SD] 0.33 [0.26]
Median [IQR] 0.24 [0.12-0.53]
Minimum score among respondents 0
Maximum score among respondents 1

*, excludes two participants that answered “prefer not to answer”
to individual MTVS questions. SD, standard deviation; IQR,
interquartile range; MTVS, Mobile Technology Vulnerability Scale.

complete mobile technology vulnerability), participants
had a mean M'TVS of 0.33 (SD =0.26) (Table 2). A quarter
of participants had MTVS above 0.53 (i.e., the highest
quartile of mobile technology vulnerability). Among the
254 participants who responded to the MTVS questions,
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14% had received formal assistance to pay for their phone
service, 25% had had more than one mobile phone number,
14% had a stolen mobile phone at least once, 22% had lost
their mobile phone at least once, and 39% had had their
mobile phone service disconnected at least once due to
not paying the bill in the past 6 months (7able 3). Nearly
41-43% of participants had used free internet services or
free public Wi-Fi because they did not have mobile phone
service or could not afford to use their data plan. About
28% of participants reported problems (such as missing an
appointment, getting lost, being unable to pay a bill, etc.)
because they did not pay their mobile phone bill resulting
in their mobile phone service being disconnected.

There were statistically significant differences in
MTVS based on race/ethnicity and financial status. The
mean MTVS among Black non-Latinx participants was
0.37, which was higher than the mean MTVS in Latinx
participants (0.25) and mean MTVS in other race/
ethnicity groups (0.27) (P=0.002, chi-squared =12.491 with
2 degrees of freedom). MTVS was significantly higher
for respondents with lower financial status; mean MTVS
among those who could not get by was 0.46, mean M'TVS
among those who could barely get by was 0.35, compared
to the mean M'TVS in those who had enough money at 0.16
(P=0.0001, chi-squared =45.148 with 2 degrees of freedom).
There were no statistically significant differences in MTVS
based on age groups (P=0.725, z-score =0.352) or gender
(P=0.643, z-score =0.464). While M'TVS was not associated
with the ART adherence score (Spearman’s rho =-0.0930;
P=0.155), it was significantly associated with the number
of days the individual missed at least one dose in the past
30 days (Spearman’s rho =0.1831, P=0.005) and the measure
for 4-day ART miss (Spearman’s rho =0.149; P=0.033).

Discussion

This demographically diverse group of YLWH from the
US experienced a fair amount of technology vulnerability
and, over a period of 6 months, reported numerous
changes in phone numbers, stolen or lost mobile phones,
and disconnections of phone service due to not paying
phone bills. This vulnerability had resulted in challenges
such as missing appointments and being unable to pay
other bills in nearly one-third of participants. Use of free
internet services or free public Wi-Fi due to not having
mobile phone service or being able to afford a data plan
was common. Black participants and those more financially
constrained had the highest levels of mobile technology
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Table 3 Responses to mobile technology vulnerability survey (18) items (N=254)
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Mobile technology vulnerability survey items Yes (%) No (%)  Prefer not to answer (%)
In the last 6 months, | was the only person who used this phone (not including lending 88 12 0.4
to someone to make a brief phone call or to look something up on the internet)

At any time in the last 6 months, | received formal assistance to pay for my cell phone 14 85 0.8
service (such as Lifeline Assistance Program/Obama Phone)

At any time in the last 6 months, | had more than one cell phone number 25 74 1
At any time in the last 6 months, my cell phone was stolen at least once 14 85 0.8
At any time in the last 6 months, | lost my cell phone at least once 22 76 1
At any time in the last 6 months, my cell phone service was disconnected (cut off) at 39 60 0.8
least once because | didn’t pay the bill

At any time in the last 6 months, | did not pay other bills (example: utilities, rent, etc.) so 35 63 2
| could pay my cell phone bill

At any time in the last 6 months, | did not buy necessary items (example: food, clothes, 35 64 2
meds, etc.) so | could pay my cell phone bill

At any time in the last 6 months, | did not pay my cell phone bill because | had to pay 43 56 1
for other necessities or other bills

At any time in the last 6 months, | had to limit using my cell phone’s data plan for any 24 75 1
purpose (such as making calls, sending text messages, or using the internet) so that |

could keep my cell phone bill low

At any time in the last 6 months, | used free internet services (such as Google Voice, 41 57 2
WhatsApp, or Facebook Messenger’s phone option) to make phone calls because | did

not have cell phone service

At any time in the last 6 months, | checked email, sent text message, checked social 43 56 1
media, searched the internet, or made a call on my cell phone using free public Wi-Fi

because | could not afford to use my data plan

At any time in the last 6 months, | had to use a less reliable (example: Boost, Cricket, 26 72 2
etc.) cell phone service because it was cheaper than other more reliable services

At any time in the last 6 months, | did not make an important phone call because | was 23 75 2
frustrated with my phone’s service

At any time in the last 6 months, | did not search for important information that | needed 26 72 2
because | was frustrated with my phone’s internet connection

Over the last 6 months, | had personal problems (such as missed an appointment, got 30 69 2
lost, was unable to pay a bill, etc.) because my cell phone battery died

Over the last 6 months, | had problems (such as missed an appointment, got lost, was 28 71 1

unable to pay a bill, etc.) because | didn’t pay my cell phone bill and my cell phone
service was cut

vulnerability. There was an association between MTVS and
missed ART doses, in that the higher the vulnerability, the
greater the number of days respondents missed at least one
ART dose. Additionally, the higher the vulnerability, the
more frequently respondents were non-persistent to their
ART (i.e., missed taking ART at least 4 days in a row).
Given the presence of over 50,000 YLWH in the

© mHealth. All rights reserved.

US (27) and sub-optimal HIV outcomes among YLWH
(3-5), development and evaluation of interventions to
achieve and maintain virologic suppression is a clinical
and public health priority. Prior research has shown that
ART adherence-promoting interventions that have led to
a 10% increase in virologic suppression among YLWH
have reduced onward transmission of HIV by 15% and
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death by 12% over 12 months (8). Additionally, adherence-
promoting interventions would be considered cost-effective
even at a cost of $2,000 per month per person or efficacy as
low as 1% increase in virologic suppression (8). Given that
interventions using mobile technologies are increasingly
examined as cost-effective mechanisms to improve HIV
care outcomes (11,12), our findings suggest the need to
measure mobile technology vulnerability as means to
identify potential pitfalls, such as disconnection to phone
services and being lost to follow-up.

Similar to the ability to use social services and healthcare
information, access and skill to use mobile technology
are considered to be foundational social determinants of
health (28). The SARS-CoV-2 pandemic exposed many
barriers to mobile technology access and use by underserved
populations, such as low uptake of telehealth visits by
underserved populations (29). Therefore, improving access
to digital health technologies and improving connectivity of
these technologies by expanding and streamlining federal
programs for mobile phone and data access and increasing
training and support for underserved populations to use
mobile health tools are critical to achieving digital health
equity.

While our study examined a novel scale on mobile
technology vulnerability and its association with ART
adherence measures, we need to acknowledge several
limitations. This was a cross-sectional study with self-
reported data; therefore, it is subject to recall and social
desirability biases and we cannot establish cause and
effect. However, self-reported ART adherence is generally
overestimated (30,31), which would be expected to weaken
its correlation with MTVS; therefore, there may be an
even stronger correlation with the use of more objective
measures of ART adherence (e.g., pharmacologic measures,
medication event monitoring caps). The majority of study
participants were cis-gender, gay, Black, and male YLWH,
all of whom had access to mobile technologies to complete
the survey and were able to complete the survey in English;
therefore, findings may not be generalizable to individuals
with other characteristics (e.g., those with limited access to
mobile technologies or those who do not speak English).
Finally, given the timeframe of our study, we were unable to
disentangle the impact of the SARS-CoV-2 pandemic and
the additional reliance on mobile technologies. Longitudinal
studies using objective measures of ART adherence or viral
load and in those with other characteristics and considering
other potentially confounding sociodemographic factors
can help overcome some of these limitations.
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Conclusions

In a sample of demographically diverse YLWH across the
US, we were able to describe variability in access to mobile
phones and the association between a novel measure of
mobile technology vulnerability and ART adherence. The
MTVS may be a useful tool to identify populations who
are experiencing vulnerabilities in their mobile technology
access which may be associated with subsequent worse
health outcomes. Given the ubiquity of mobile technology
among young adults and health disparities experienced by
YLWH, assessment of mobile technology vulnerability may
be a useful and indirect, yet cost-effective and convenient,
method of evaluating an individual’s health outcomes and
referring them for additional support.
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