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Abstract

Introduction Despite promising outcomes, lack of engagement and poor adherence are barriers to treating men-
tal health using digital CBT, particularly in minority groups. After conducting guided focus groups, a current mental
health app was adapted to be more inclusive for minorities living with SCD.

Methods Patients between the ages of 16-35 with SCD who reported experiencing anxiety or depression symp-
toms were eligible for this study. Once enrolled, participants were randomly assigned to receive one of two versions
of a mental health app: 1) the current version designed for the general population or 2) the adapted version. Baseline
measures for depression, anxiety, pain, and self-efficacy were completed at the start of the study and again at post-
intervention (minimum 4 weeks).

Results Compared to baseline, mean scores for pain decreased an average of 3.29 (p=0.03) on a 10-point scale, self-
efficacy improved 3.86 points (p=0.007) and depression symptoms decreased 5.75 points (p=0.016) for the group
that received the adapted app. On average, control participants engaged with the app 5.64 times while the partici-
pants in the experimental group engaged 8.50 times (p=0.40). Regardless of group assignment, a positive relation-
ship (r=0.47) was shown between app engagement and a change in depression symptoms (p=0.042).

Discussion Target enrollment for this study sought to enroll 40 participants. However, after difficulties locating
qualified participants, enrollment criteria were adjusted to expand the population pool. Regardless of these efforts,
the sample size for this study was still smaller than anticipated (n=21). Additionally, irrespective of group approxi-
mately 40% of participants did not engage with the app. However, despite a small sample size and poor engagement,
this study 1) demonstrated the feasibility of implementing socially relevant changes into a mental health app and 2)
indicated that participants in the intervention group displayed better outcomes and showed trends for greater app
interaction.

*Correspondence:

Charles R. Jonassaint

cjonassaint@pitt.edu

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s44247-023-00051-y&domain=pdf

Nardo et al. BMC Digital Health (2023) 1:54

Page 2 of 8

Conclusion These promising results should encourage future researchers to continue exploring ideal adaptations
for implementing digital CBT in minority populations. Future studies should also consider implementing post-inter-
vention surveys to help identify common factors relating to a lack of engagement.

Trial registration This trial (NCT04587661) was registered on August 12th, 2020.
Keywords Sickle cell disease, Cognitive behavioral therapy, Digital health, Depression, Self-efficacy

Introduction

African Americans living with chronic medical condi-
tions are at high risk for depression and other mental
health disorders yet are less likely to be diagnosed or
receive treatment than their white counterparts [1, 2].
Left untreated, depression can increase disease sever-
ity and risk for mortality [3, 4]. One especially vulner-
able group is patients with sickle cell disease (SCD) [5],
a genetic blood disorder that primarily affects people of
African descent and disproportionately impacts those liv-
ing in disadvantaged circumstances [6]. Sickle cell causes
severe acute and chronic pain, end-organ damage, and
early mortality [7].

Adolescents and young adults (AYA) with SCD, those
between the ages of 18-30, are at particularly high risk
for disease-related complications. This development
period, the transition from adolescence to adulthood,
is characterized by significant biological and social
changes, as well as changes in medical care. Patients
will leave their pediatric hematology team, whom they
have often received care from for most of their lives and
begin working with a new adult care team that is some-
times unfamiliar to the patient. Given the intersection
of multiple significant life changes, late adolescence,
and young adulthood, for those with SCD this is a
tumultuous period, characterized by social vulnerabil-
ity, increased medical complications, and high health
care utilization [8—10]. It is not surprising, therefore,
that this age group is at high risk for mental health dis-
orders and suicidal thoughts and behaviors [11, 12].
Comorbid mental health disorders also have a delete-
rious impact on health behaviors and outcomes in this
population. SCD patients with depressive symptoms
are less likely to be adherent to therapies that prevent
disease progression and are at increased risk of vaso-
occlusive events (VOEs) and acute chest syndrome.
Increased anxiety is associated with poorer pain-related
outcomes, increased risk of pain crises, and greater opi-
oid use. Therefore, it is of utmost importance that effec-
tive treatments are deployed to screen for and treat the
mental health of AYA with SCD [13].

To address the mental health of AYA with SCD, there
is a need for evidence-based mental health treatments
that can be delivered in low-resource settings, are easily
accessible, and are provided at a low cost. Mental health

treatments delivered through mobile technology make
it possible to provide high-quality, evidence-based care,
at-scale behavioral mental health treatment that reaches
patients in under-resourced settings [14, 15]. Digital cog-
nitive behavioral therapy (CBT) is effective for treating
depression and anxiety and can be easily brought to scale
at low cost [16]. Several meta-analyses have found digital
CBT effective for treating depression and anxiety in white
adults [17-19]. Although there is limited data on digi-
tal CBT in minority populations, a large-scale trial con-
ducted in primary care clinics showed that digital CBT
is equally effective for treating depression and anxiety
symptoms among African American as for whites [20].
Further, in a pilot randomized trial among adults with
SCD, compared to usual care, digital CBT was associ-
ated with greater improvements in depressive symptoms
and daily pain [21]. Thus, there is early evidence to sug-
gest digital CBT may work not only in SCD but in other
minority or underserved patient populations as well.
Despite the promise of digital CBT, lack of uptake and
sustained engagement with digital therapies is a sig-
nificant barrier to widespread use of this technology,
particularly in low-resource settings serving minori-
ties [22-24]. Digital CBT is consistently associated with
high attrition and poor adherence [25-27]. Poor uptake
and adherence of digital CBT is particularly problematic
in SCD where lack of engagement with the treatment
can negatively affect its effectiveness [28, 29]. In a pilot
study of digital CBT with SCD adults, although patients
reported benefits from digital CBT, the average user
completed only 3 of 8 possible sessions. Post-study inter-
views and a focus group revealed that while SCD patients
did indeed feel the CBT skills were useful, the content
was often not relevant or relatable and did not represent
their real-world cultural and health experience. In addi-
tion, interventions with this population must address
cultural stigma, a well-known barrier to recruitment and
retention of racial/ethnic minorities in mental health
programs [30]. To advance the field, there is a need for
innovative approaches to remediating these barriers to
the provision, receipt, and benefit of digital CBT-based
mental health services in low-resource settings.
Adaptation of evidence-based practices is often nec-
essary for their successful implementation in different
settings. Interventions may need to be tailored to meet
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the needs of the target population or address differences
between the context in which the intervention was origi-
nally designed and the one into which it is delivered. We
know that when digital interventions have a persuasive,
user-centered design and personalized, tailored content,
user involvement, adherence, and outcomes are better
[14], but it is not yet clear what adaptations are critical
to implementation success, and whether these adapta-
tions can effectively address the perception that an inter-
vention is not relatable, or the stigma of mental health
treatment. Thus, important next steps for digital CBT
are to determine whether it is feasible to incorporate
socially relevant changes to a CBT program and whether
these adaptations can overcome challenges of uptake and
engagement. Therefore, we adapted an existing digital
CBT program for mental health by adding images, ref-
erences, and content representing SCD, chronic pain,
and stressors unique to African Americans living with
SCD. We then compared the adapted digital CBT to the
standard program in a randomized trial of adolescent
and young adults with SCD and elevated mental health
symptoms.

Methods

As part of routine clinical care, SCD patients at the Uni-
versity of Pittsburgh Children’s and Adult clinics com-
pleted a mental health screener. Initial eligibility for the
study included SCD patients between the ages of 16-30
reporting moderate or greater symptoms of anxiety of
depression (i.e., Patient Health Questionnaire [PHQ-
9] or Generalized Anxiety Disorder Scale [GAD-7]>9).
Using these criteria, few patients qualified for the inter-
vention. Eligibility criteria was adjusted to include SCD
patients up to age 35 reporting mild or greater symp-
toms of anxiety or depression (i.e., PHQ-9 or GAD-7 > 4).
Patients who met these criteria were identified as poten-
tial participants and provided with a brief explanation
of the research study. Eligible patients who elected to
enroll were randomized, in an equal allocation ratio, into
one of two groups receiving mental health treatment
via a mobile app. A total of 21 individuals living with
SCD enrolled in the study. Group one (n=11) received
a mental health app designed for the general population
(Control), while group two (n=10) received an enhanced
version of the same app designed to be more specific to
minorities living with SCD (PLUS). A group-specific,
asynchronous health coach was also provided via the
app. Once participants were given access to the app, they
were encouraged to interact with their assigned health
coach and familiarize themselves with the app. Both ver-
sions of the mobile app provided access to 19 CBT mod-
ules and 12 short techniques (<5 min) that participants
could choose from based on their individual needs and
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engage in at will. Aside from the image representing the
module, modules were identical between study arms.
Users were able to access and complete these modules
and techniques as many times as they wanted throughout
the study. Health coaches were available to answer ques-
tions and guide participants to appropriate techniques.
Engagement reminders were also sent out to inactive par-
ticipants at least every 3 days for up to 4 reminders. For
best results, participants were encouraged to use the app
a minimum of 2-3 days/week with 5-7 days/week being
ideal. Participants were blinded to their assigned study
arm. The study protocol was approved by the University
of Pittsburgh Human Research Protections Office and
was conducted in compliance with the ethical standards
of the responsible institution on human subjects as well
as with the Helsinki Declaration.

Adaptations made to enhance the app for SCD

Prior to adapting the app, guided focus groups were con-
ducted to determine ways to enhance the app to increase
engagement for minorities living with SCD [31]. Based
on the findings of this study and guided by the FRAME,
a framework for adapting interventions [32] we identi-
fied areas of adaptation related to the content, contextual
factors, and the training/education of staff delivering the
intervention.

Images and language

Based on these findings from our qualitative work, minor
modifications were made to some of the language pre-
sented and the images. Specifically, we modified 24%
of the images associated with the available techniques
within the app to fit more Afrocentric and urban themes.
Figure 1 presents four examples of how the standard CBT
app images were replaced by images adapted to be more
socially inclusive and relevant for the target population.

Introduction video

Consistent with social cognitive theory [33], it was
important for patients to know others with SCD were
going through the same experience and using the same
type of interventions. Consented patients randomized to
the SCD adapted arm, the intervention group, received
a 5-min video that explained that mental health symp-
toms for AYA with SCD were common and that cognitive
behavioral therapy had been shown to be effective.

Health coach training and messaging

One coach was designated to the PLUS arm who, in
addition to 4 weeks of intensive health coach train-
ing, also received training specific to working with ado-
lescents and adults with SCD. The PLUS health coach
completed an online short course on SCD that included
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A |PLUS Images

Weighing pros and cons

If You’re Overwhelmed

Balancing your thoughts

Feeling stressed
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B | Control Images

If You’re Overwhelmed

Feeling stressed

Fig. 1 Comparison of PLUS images to Control images in the mobile app. (A) Four PLUS images with afrocentric and urban themes were modified
from the (B) original Control images used on the mobile app. These replacements were adapted to be more socially inclusive and relevant
for the target population. Images from (B) are copyright of UPMC Health Plan, Inc. Permission was obtained to use and adapt these images

a completion quiz, and received an hour long 1:1 train-
ing with an SCD psychologist on best practices for work-
ing with individuals with SCD. The PLUS-arm health
coaches were also provided with 6 additional text mes-
sages specific to SCD that touched on specific wellness
topics noted by patients as important, such as emotional
health and nutrition. Examples of these messages are:

+ “Learning ways to manage stress can help lower your
risk of side effects associated with SCD. What are
some ways that you currently manage your stress?”

+ “Did you know that your body has greater nutritional
needs than those without SCD?! To help your body
function and help decrease pain complications, it’s
extra important to eat right. Have you ever exam-

ined your diet? Making small changes can have a BIG
impact and I'm here to help!”

Measures and timepoints

Measures of depression [PHQ-9], anxiety [GAD-7],
pain [0-10 pain scale], and self-efficacy [Sickle Cell
Self-Efficacy Scale; SCSES] were assessed at base-
line (T1) and at least four weeks post-intervention
(T2). Paired T-tests were conducted to differences in
these variables from T1 to T2. In addition, mobile app
engagement was measured via the number of tech-
niques participants used within the app, as well as the
number of messages sent to health coaches between
T1 and T2. Mobile app engagement was compared
between the control and PLUS arms of the study.
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Correlation analyses were completed and Pearson’s
correlation coefficients were used to examine potential
relationships between engagement and other measures
(i.e. depression, anxiety, pain and self-efficacy).

Scoring and interpretation of measures

Depression symptoms were assessed using the PHQ-9
and anxiety symptoms were assessed using the GAD-
7. The criteria for both tests were scored using a range
from 0 (Not at All) to 3 (Nearly Every Day). Responses to
each item are summed to obtain an overall score. Higher
scores on these assessments indicate greater symptoms
of depression and anxiety, respectively. To assess self-effi-
cacy, the Sickle Cell Self-Efficacy Scale (SCSES) was uti-
lized. This test consisted of 9 items scored using a range
from 1 (Not Sure at All) to 5 (Very Sure). Scores for each
item was summed to give an overall score. Greater scores
indicated greater levels of self-efficacy. A pain scale was
administered to determine average perceived pain. Par-
ticipants rated their average pain on a scale of 0 (No
Pain) to 10 (Severe Pain), over the previous 7 days. User
engagement with the app was calculated as the sum of
the 1) number of techniques completed and 2) number
of messages sent to the assigned health coach. Greater
interactions are interpreted as greater engagement.

Data analysis

Means and frequencies were determined for each varia-
ble. Chi-square and independent t-tests were conducted,
as applicable, to assess group differences at baseline.
Independent t-tests were used to compare post-inter-
vention and change scores between groups. Paired t-tests
were used within each study arm to analyze changes in
pre- and post-intervention scores. Potential relationships
between outcome measures were assessed using Pear-
son’s correlation analysis. All analyses were conducted
using R.Version (2023.06.0 +421).

Results

The sample of enrolled patients was predominantly
female, adults, who had at least some high school edu-
cation or had completed high school. Baseline data and
demographic characteristics were not different between
Control (n=11) and PLUS (n=10) groups (Table 1).

App engagement, as determined by the number of
techniques completed within the app in addition to the
number of communications with the health coach, was
not different between groups. The PLUS participants
accessed the app an average of 8.50 times over 4 weeks,
while Control participants accessed the app an average of
5.64 times (p=0.40). Approximately, 40% (n=4) of PLUS
and 36% (n=4) of Control participants accessed the app
1 or fewer days throughout the 4 weeks. Correlation
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Table 1 Baseline demographic characteristics of enrolled

participants

Enrolled in study Control (n=11) PLUS (n=10) P-value

Age (mean) 22.73 20.70 0464
SD 6.0 643
Median 21 19
Min-Max 16-35 16-34
Gender >0.999
Male 4 (36.4%) 3 (30%)
Female 7 (63.6%) 7 (70%)
Education 0.783
Some High School 4 (36.4%) 4 (40%)
High School 3(27.3%) 4 (40%)
Some College 3(27.3%) 1 (10%)
College 1 (9.09%) 0 (0%)
Graduate 0 (0%) 1(10%)
Employment 0.882
Yes 6 (54.5%) 3 (30%)
No 5 (45.5%) 6 (60%)
Other 0 (0%) 1 (10%)

Table 1 overviews demographic indicators for participants enrolled in the
RxWell study in both the Control and PLUS arms. No differences in baseline
characteristics of age, gender, education, and employment were noted between
arms

analysis (Fig. 2) showed a moderate relationship (r=0.47)
between app engagement and the score change in PHQ
(p=0.042).

Figure 2 displays a scatter plot presenting the correla-
tion between app engagement and PHQ change scores
(T2-T1).

In the PLUS group (n=38), significant differences were
seen between baseline and post intervention scores for
pain (p=0.03), self-efficacy (p=0.007) and depression
symptoms (p=0.016). No differences were seen in the
Control group between pre and post scores. Neither
group had a significant change in anxiety or stigma from
baseline to post-intervention exposure (Table 2).

Discussion

Despite high adherence to study follow-up (90.5%),
approximately 40% of participants did not engage with
the app outside of their initial sign-on date. Group
assignment did not appear to significantly influence
app engagement. However, on average, participants in
the PLUS group had greater engagement. This trend
within the PLUS group is promising and supports
the notion that population-specific adaptations could
indeed enhance user uptake. Increasing the app’s inclu-
siveness via additional adaptations may be necessary to
obtain significant growth in user engagement. For this
pilot study, only select portions of the app were adapted
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Fig. 2 The Relationship between App Engagement and the Change in PHQ Scores

Table 2 Comparison of PHQ-9, GAD-7, and SCSES outcomes between Control and PLUS arms

Control (n=11) PLUS (n=10) Comparison
Variables Pre Post Diff P value Pre Post Diff PValue PValue
PHQ-9 11.18 10.09 1.091 523 12.50 6.75 5.750 016 078
GAD-7 9.27 891 364 .789 843 3.14 5.286 128 170
SCSES 29.70 31.30 -1.600 .345 28.29 3214 -3.857 .007 298

Table 2 compares change in PHQ-9, GAD-7, and SCSES post-intervention of both Control and PLUS arms. Significant differences in PHQ-9 (p=0.016) and SCSES
(p=0.007) were noted in the PLUS group, whereas no difference was noted in pre-post scores for the Standard arm. Neither group had a significant change in anxiety

scores post-intervention

to determine the feasibility of making such alterations.
Further increasing the app’s relevance to the population
would presumably increase user engagement. Addition-
ally, a lower-than-expected sample size could also have
contributed to the lack of significance between groups.
These assumptions are supported by two secondary find-
ings from the study. First, engagement was shown to
be moderately correlated with a change in PHQ scores.
Consistent with prior literature, this trend suggests that
participants with greater engagement showed greater
improvement in depression symptoms [34]. Second,
improvements were seen exclusively in the PLUS group
for pain, self-efficacy, and depression symptoms.

We are unable to determine whether positive changes
seen within the PLUS group are attributable to the altera-
tions made to the intervention. While we attempted
to enhance the intervention to be more appealing

to minorities living with SCD, very few participants
engaged with the app in a way that would have allowed
them to experience the full range of augmentations. The
lack of engagement seen for this study is consistent with
previous studies that have shown poor adherence among
this population group [20, 29, 35]. Perhaps a more inno-
vative approach to engage participants is needed for this
population. For example, participants for this study were
blinded to their group during randomization. Conceiv-
ably, if participants knew that they were receiving care
more specific to their health condition and/or unique
to their experiences as a minority, they would be more
likely to explore the intervention for more than what is
required for study sign-up. Further, our ability to adapt
the app design and content was limited. Initial testing
with the app, participants found the app difficult to use
and confusing. While the current study demonstrates the
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feasibility of adapting a current app to increase popula-
tion relevance, improving the overall app experience may
be a first step before adaptation.

Engagement may also be linked in some way to symp-
tom severity and/or the perception of symptom sever-
ity [36, 37]. For this study, an educational component
regarding participant depression and anxiety scores
was not directly provided. Participants may or may not
have spoken with their health care providers about their
scores and the meaning of those scores. It is plausible
that those experiencing mild depression and/or anxiety
symptoms may not have felt as though a mental health
intervention was necessary, compared to those with
more severe symptoms. While we did not have a large
enough sample to analyze this type of interaction, it is
not an uncommon connection. Numerous behaviors
change models recognize that the perception of severity
may impact an individual’s desire or motivation to make
a change [33, 38]. For example, what is often referred to
as the Health Belief Model acknowledges that individuals
often need to feel as though their current health status
is subjectively severe before choosing to act [39]. Future
studies may want to consider an educational component,
limit recruitment to those displaying moderate to severe
symptoms, or ensure recruitment of a large enough sam-
ple size to explore symptom severity and its relationship
to intervention engagement.

Despite poor engagement, attrition rates were much
lower for this study than what has been shown in previous
work. Numerous factors may contribute such as, short
study length, follow-up measures that did not require
additional clinic visits, as well as text message reminders
with a direct link to the post-intervention survey.

The sample size for this study was small, which did not
allow for testing of covariates or group interactions. We
sought to enroll an additional 20 participants, however,
there was not a great enough population within the tar-
geted clinics that qualified for participation. Future work
should consider a multi-site approach to ensure a large
enough population pool. In addition, our intention was to
collect T2 data at four weeks post-intervention exposure,
but this proved to be difficult with our present sample.
Future studies should prioritize adherence to the follow-
up schedule, so that differences between patient engage-
ment are more comparable.

Conclusion

Nevertheless, digital CBT holds promise as a widely
available, effective treatment for mental health among
AYA with SCD. Given the severe burden untreated
depression and anxiety places on this group of patients
who already face significant health challenges, it is
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imperative that these treatments are adapted and
implemented in order to meet the needs of young SCD
patients. This study provided the groundwork, demon-
strating that it is feasible to incorporate and implement
adaptations to a current digital CBT app. While tai-
loring may not be critical to promote uptake of digital
CBT, this study shows preliminary evidence that tailor-
ing is a critical part of adapting such interventions to
patients with SCD.
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