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Introduction: Sickle cell disease (SCD) affects around 100,000 people in the United States, causing acute vaso-occlusive
events and chronic end-organ damage. Hydroxyurea (HU) is a proven treatment for SCD that reduces acute and chronic
complications. Despite extensive evidence and guideline recommendations, many people with SCD do not receive optimal
HU therapy. Our group has shown that using the InCharge Health app, a SCD-specific app co-developed with patients (Alberts
et al, JMIR mHealth uHealth, 2020), for at least 24 weeks, increases adherence to HU up to 29%, but engagement with the app
varied among users. This study reports user’s perceptions of the app relative to their degree of app utilization, thus informing
future app adaptations to optimize app engagement and potentiate its effect.

Methods: The InCharge Health app features included daily reminders, adherence and pain progress tracking, communication
with providers and other patients, hospital mode deactivation, educational resources, and an accountability partner. Partic-
ipants used the InCharge Health app and completed the validated Mobile Application Rating Scale (MARS, Stoyanov SR,
JMIR mHealth uHealth, 2015) after 24 weeks of app use. The MARS evaluates the quality of mobile health apps by eliciting
users’ perceptions of engagement, functionality, aesthetics, and information quality. App utilization data (% of the study days)
were obtained from the backend of the app and defined as low (<25%), medium low (25-50%), medium high (50-75%), and
high (>75%). HU percentage of days covered (PDC), the percentage of days covered by filled HU prescriptions during the
study period, was used as a proxy for medication adherence. Baseline pain frequency 12 months before study enrollment
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was obtained using the Adult Sickle Cell Quality of Life Measurement Information System. After 24 weeks, the ease of use,
importance, and helpfulness of app features were evaluated and stratified based on the level of app usage.

Results: A total of 208 participants enrolled, median age 26.3 years (range, 15 to 45), 52% (108/208) females, 87% (181/208)
with HbSS/SB O-thalassemia. Fifty-eight percent (121/208) of participants were low app utilizers, 19.2% (40/208) medium low,
15.9% (33/208) medium high, and 6.7% (14/208) high app utilizers (Table 1). As app usage increased, users reported lower
pain frequency and pain severity. After 24 weeks, all groups increased PDC, which sustained post-study, and the magnitude
of an increase was proportional to the amount of app use (Table 1). The mean (SD) daily use was 2.3 (4.8) minutes/day, and
daily duration of app use increased with the total app use. Conversely, the interval between app usage decreased with total
app use (Table 2). The most used app features included pain tracking (56.2%, 117/208) and weekly progress report (20.7%,
43/117). The least used features were connecting to educational resources (7.2%, 15/208) and communicating with treating
providers (6.3%, 13/208, Table 2).

Overall, 57.7% (120/208) rated the app moderately or very interesting, 63.0% (131/208) reported using it daily to 2 to 3
days/week, 83.2% (173/208) found the app easy to learn, simple, or intuitive. Low users found the app less interesting and had
more concerns of the time and effort it took to use the app (Table 2).

Across all groups, daily reminders were considered the most important and useful feature. Fewer high users considered
daily reminders the most important feature, however high users more often deemed other features as most important. HU
information was found to be the most important by high users, but this varied between the other user levels. High users also
found adherence tracking most important with more users valuing it as app usage increased. Adherence and pain progress
tracking were found helpful in all groups except the medium-high users. Importantly, more than 50% of all groups intended
to continue using the app beyond the study period.

Conclusions: The InCharge Health app promoted increased HU adherence proportional to its engagement. All users consid-
ered daily reminders the most beneficial and crucial feature, while pain tracking was widely utilized. Distinct app consumption
and preference patterns were observed according to app usage level. Plans are underway to improve the app functionality and
interface to allow real-time customization to boost app engagement and further adherence enhancement among individuals
with SCD.
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Table 1: Demographics of patient participants.

Low | Medumiow | Medomiigh | Hgs | A1 |
N=121 N=40 Ne33 N=14 N=208
Gender (n, %)
Male | 58 (48%) 21(53%) 16 [48%) 5(36%) | 100 (48%) Table 2: Description of app utilization and ease of use experienced by patient participants.
Female | 63 (52%) 1948%) | 17{s5%) 9(64%) | 108(52%)
o ) I Low Medium Low | Medium High High All
Iyears N=121 N=40 N=33 N=14 N=208
Median 248 255 30 306 263 App utilization
Range 15.1-44.7 16.0-439 | 176-455 21.1-45.2 15.1-455 Usage Per Day [mean minutes, £1 5T0) 44,76 14,24 15,39 23,33 23,48
Sickle Cell Genotype (n, %) Days Between Accessing App (mean, $#15T0) | 56,12.3 21,27 15,12 1.2,0.8 22,53
. Feature utilization (n, %)
| Mbss/sBO-thalassemia | 98 (81%) 39 (98%] 31 (94%) 13 (93%) 181 (87%) Support Contacts | 15 (12%) 6(15%) 2 (6%) 2(14%) | 25(12%)
HbSC/58+thalassemiafother | 23 (19%) 1(3%) 2(5%) 1(7%) | 27(13%) Weekly Progress Regort | 16 (13%) 8(20%) 11(33%) 8(s7%) | 43{21%)
Race [n, %) I Pain Score ation | 61 (50%) 24 (50%) 24 (73%) 8(57%) | 117 (56%)
Hospital Mode Use 9(7%) 5 (13%) 8 (245%) 1 (7%} 23 (11%)
Black | 117[97%) | 38 (95%) 32(97%) 14(l00%) | 201097%) One SCD Voice Use | 5 (4%) 2(5%) 5 (15%) 3(21%) | 15(7%)
Other | 2{2%) 2(5%) 1(3%) 0 [0%) 5 {2%) Doctor Call Use | 8(7%) 205%) 2 (6%) 17%) 13 (5%)
Ethnicity (n, %) I l InCharge Health Ut
o 1 Mot interesting at all | 15 (12%) 1(3%) 1 (3%} 0 [0%) 17 (B%)
Hispanic S (4%} 1(3%) | ofox) 0 {1r%) 6(3%) = "
Non-Hispanic | 115 [35%) 39(0B%] | 33 (100%) 14(100%) | 201 (97%) Mastly uninteresting | 8(7%) | 0(0%) 4113%) 0fox) | 12 (6%)
Not reported | 1(1%) 1z5% | ofox) 0 (0%) 2(1%) L] 3S(20) | 12 (30%) EUSK) | 4(39%) | STITH)
TR T | 29024%) | 16 (an%) 11[3%]) | 5(36%) | 61(0%) |
(Mean %, £15T0) Very interestin 33 (28%) 11 (28%) 10 [31%) 5 (36%) 59 (28%)
Baseline PDC | 38.0(269) | 33.6(245) | 428[3L3) %.0(253) | 3800273 e P Ry
28 week PDC | 52.7[31.0) 614(27.4) | 65B[265) 81.1424.3) | SE4[30.1) . Everyday | 34 [28.3%) 22 [55%) 24 [75%) 11(79%) | 91(44%)
36 week FDC | 49.4 (29.6) 58.0(29.1) 59.3 (27.6) 72.2(26.5) 54.1 [29.5 Two to three times per week | 24 (20%) 10 (25%) 4 (13%) 2 (14%) A0 {19%) |
Pain frequency in the past 12 Once aweek | 18 (15%) 3 (8%) 2 (6%) 1(T%) | 24(12%)
months Onceamonth | 21{18%) 2 (5%) 2 [6%) ofo%) | 25(12%)
1 spze “205%) | s(5%) | s(3em) 27 (13%) Did not use atall | 23{19%) 3 (8%) 0 (0%) 0(o%] | 26{13%)
2| 23019%) 9(23%) | 4y 0 (0%) 36 {17%) InCharge Health ease of use [n, %)
3| 14(12%) 2 (5%} | B(18%) 3(21%) 25 [12%) Na. Limited instructions, menu labels/icons are
7 (6%] 4%
4ormore | 49 {40%) 23(58%) | 12(36%) 4 (29%) B8 (42%) | confusing, complicated (6%) 2(5%) 0 (0%} 0 o) 9(4%)
did not have a painattack in | oo stdl | shew 20 | sones Useable after a lot of time and effort | 6 (5%) 1(3%) 0 [0%) 0 (0%} 7(3%)
the past 12 months Useable after seme time and effort 76%) 1(3%) 5 (16%) 0 (0%} 13 (6%)
PPain severity (how often did Easy to learn how to use the app | 62 (53%) 1B (45%) 11 (34%] 6 (46%) 97 (47%)
you have severe pain?) [n, %) Able 1o use app | iately, intuitive, simple | 35 (30%) 18 (45%) 16 (50%) 7(54%) | 76{37%)
Never | 24 {20%) 10 (25%] 4 {12%] Afa9%) | 42({20%) | Notes: Low <25%of the days in the study period, Medium-low 25-50% of the days in the study period, mediem-high 51-75% of the
Rarely | 35 {20%) 5 [13%) 12 (36%) 4 (29%) 56 (27%) days in the study period, High >75% of the days in the study period
i 34 (28%) 15(38%] | 13(39%) 5 [36%) 67 (32%)
Often | 23 {19%) IETFECTIN TN i7%) 1 2 36{17%)
Always | 4(3%) 1(3% | 1(3%) ofo%] | 6(3%

Notes: Low <25%of the days in the study period, Medium-low 25-50% of the days in the study period, medium-high 51-75%
of the days in the study period, High >75% of the days in the study pericd
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