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Abstract

Background: Retaining clients on antiretroviral therapy (ART) is challenging especially
during the first year on ART. Mobile health (mHealth) interventions show promise to close
retention gaps. We aimed to assess reach (who received the intervention?) and effectiveness
(did it work?) of a hybrid two-way texting (2wT) intervention to improve ART retention at a
large public clinic in Lilongwe, Malawi.

Methods: Between August 2021 - June 2023, a quasi-experimental study compared outcomes
between two cohorts of new ART clients: 1) those opting into 2wT with combined automated,
weekly motivation short messaging service (SMS) messages and response-requested
appointment reminders; and 2) a matched historical cohort receiving standard of care (SoC).
Reach was defined as “the proportion clients <6 months of ART initiation eligible for 2wT”.
2wT effectiveness was assessed in time-to-event analysis comparing Kaplan-Meier plots of 6-
and 12-month retention between 2wT and SoC using a log-rank test. The effect of 2wT on
ART drop out was estimated using multivariable Cox proportional hazard models, adjusting
for sex, age and WHO stage at ART initiation.

Results: Of the 1,146 clients screened, 645 were ineligible (56%) largely due to lack of phone
access (393/645; 61%) and illiteracy (149/645; 23%): a reach of 44%. Among 468 2wT
participants, the 12-month probability of ART retention was 91% (95%CI: 88% - 93%)
compared to 75% (95%CI: 71% - 79%) among 468 SoC participants (p<0.0001). Compared to
SoC participants, 2wT participants had a 62% lower hazard of dropping out of ART care at all

time points (hazard ratio 0.38, 95% CI: 0.26-0.54; p<0.001).
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Conclusions: Not all clients were reached with 2wT. For those who opted-in, 2wT reduced
drop out throughout the first year on ART and significantly increased 12-month retention. The
proactive 2wT approach should be expanded as a complement to other interventions in routine,

low-resource settings to improve ART retention.

Introduction

In sub-Saharan Africa (SSA), persistent gaps in retention on antiretroviral therapy (ART)
among specific groups and geographies of people living with HIV (PLHIV) threaten decades
of impressive progress [1]. Loss to follow up (LTFU) is highest among those newly on ART
through 6 months in care [2, 3]. Gaps in retention are a problem: even short treatment
interruptions can lead to increased client morbidity, mortality, drug resistance, and HIV
transmission risk [4]. Most efforts to address LTFU are reactive, waiting for clients to miss
visits before intervening, resulting in tracing delays that reduce the likelihood of finding,
returning, and retaining clients in care [5, 6]. Addressing retention gaps is costly, often relying
on healthcare workers (HCWs) to call or trace clients identified as LTFU in-person [7]. Recent
reductions in global funding, chronic shortages of HCWs, and increasing client volumes
exacerbate retention challenges. Proactive, lower-intensity, effective retention interventions,
especially for ART clients in their first year in care, are needed in routine, low-resource SSA
settings.

Numerous mobile health (mHealth) interventions show promise to significantly increase
ART retention (alive in care, adherence to ART, visit compliance) among adults [8-14].
Effectiveness, however, is not guaranteed; not all mHealth interventions are associated with
improved ART retention [15-19]. Previous mHealth intervention research suggests that several
mHealth intervention characteristics raise the likelihood of ART retention impact. First, lower

technology approaches that rely on short-message service (SMS) which requires only feature

4
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98  phones appear better suited to low- or middle-income country (LMIC) settings [20, 21]. SMS-

99  focused interventions show high acceptability [11, 22-24] and reduce digital health equity
100  concerns associated with apps that require smartphones [25]. Second, interactive interventions
101  that enhance communication between clients and HCWs are more effective than one-way blast
102  communication to engage clients in care [13, 26]. Interaction potentially diminishes message
103  fatigue and facilitates more personalized, intensive support when needed [27]. Third,
104  engagement of diverse stakeholders throughout the design, testing, and evaluation process
105  creates ownership and buy-in [28], helping tailor the right interventions to the local context
106  [29]. Lastly, iterative monitoring and evaluation (M&E) of mHealth in accordance with digital
107  health best practices suggested by the World Health Organization (WHO) helps to ensure these
108 interventions complement, as opposed to conflict with, ongoing health system strengthening
109  [30, 31].
110 Malawi is an ideal location to assess mHealth to improve client retention. Malawi is a low-
111 resource country with an adult HIV prevalence of ~7% [32]. Although progress towards 95-95-
112 95 appears on track [32], LTFU is high, especially during in the first year on ART [33]. Five
113 years after ART initiation, only 54% of PLHIV are retained in ART care [34]. Given pervasive
114  HCW shortages [35], alternatives to human resource-intensive solutions are needed. In Malawi,
115  the Ministry of Health (MoH) has tested several ART-related innovations at Lighthouse Trust
116  (LT), one of the largest ART providers and a WHO-recognized ART Centre of Excellence in
117  Lilongwe, the capital [36]. LT provides integrated HIV care to 38,000 ART clients in its two
118  flagship clinics in urban Lilongwe: 25,000 at Martin Preuss Centre (MPC) and 13,000 at
119  Lighthouse clinic (LH). At LT, retention at twelve months post-ART initiation is estimated at
120  73%, falling to 63% by 24 months. In 2006, LT established an intensive client retention

121 program, “Back-To-Care” (B2C), in which up to three calls or home visits are attempted to

122 encourage clients who miss their scheduled appointment to return to care; B2C currently aims
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123 to trace all clients who miss visits by >14 days. B2C has been well-recognized for its success
124 returning clients to care [37-41]. However, B2C, like other reactive tracing efforts, is highly
125  resource intensive [38]. At MPC clinic from July-September, 2023, there were 18,842
126  scheduled ART visits; 1,798 clients (10%) missed visits by >14 days and were referred to
127  B2C. With five, full-time B2C tracers, only 40% (719/1798) of potential LTFU clients during
128  that period were successfully found. B2C efforts are stretched, leading to delayed or missed
129  tracing. LT needs proactive, effective, retention innovations that reflect the reality of routine,
130  low-resource, public settings.

131 In 2021, LT and partners at the University of Washington’s International Training and
132 Education Center for Health (I-TECH) and Medic developed a two-way texting (2wT) system
133 to improve early retention at MPC clinic. 2wT is an hybrid (automated and interactive)
134  intervention combining weekly non-HIV-related motivational messaging and response
135  requested scheduled ART visit reminders, aiming to provide proactive retention support to
136  prevent care gaps before they happen. Early 2wT usability assessment among new ART
137  initiates (within 6 months of initiation) demonstrated high client acceptability and support for
138 the 2wT approach [42].

139 We aimed to assess the impact of the 2wT intervention on 12-month retention among new
140  ART initiates at MPC using a quasi-experimental design. We employed an implementation
141  science (IS) approach to enhance the quality, speed, and impact of translating 2wT research
142 findings into routine practice [43]. We applied the RE-AIM framework (reach, effectiveness,
143 adoption, implementation, maintenance) to guide our evaluation[44] and further understanding
144  for whom, where, why and how 2wT works [45]. In this paper, we assess 2wT reach by
145  describing the participant flow from 2wT screening, eligibility, and enrollment and examine

146  2wT effectiveness by comparing ART retention at 12 months between 1) new ART clients who

147  opted into 2wT (intervention) versus 2) a historical cohort of routine MPC new initiates who


https://doi.org/10.1101/2024.01.26.24301855
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2024.01.26.24301855; this version posted January 30, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in
perpetuity.
It is made available under a CC-BY 4.0 International license .
148  received standard of care (SoC) (comparison). We hypothesized that 2wT would improve 12-
149  month retention by >10%, from 73% to 83%.

150

151 Methods

152 Setting

153 The study was conducted at MPC, LT’s largest urban clinic in Lilongwe, Malawi. LT operates
154  as part of MoH ART service delivery and employs the MoH electronic medical record system
155 (EMRS) at MPC [46]. On average, MPC initiates 450 PLHIV on ART per quarter following
156  the test and treat strategy. At ART registration, clients’ demographics, phone number(s) and
157  WHO stage are captured in the EMRS [47]. During the first three to six months after ART
158 initiation, clients are seen monthly, after which, if clients are stable and adherent to ART, visit
159  frequency is typically decreased to once every three- or six-months.

160

161  Study design, cohort creation and sample size

162 A quasi-experimental design was used to assess the effect of 2wT on 12-month ART retention
163 by comparing retention among a cohort of 2wT participants to that among a matched historical
164  comparison cohort receiving SoC at MCP one year prior to 2wT implementation. The
165 intervention cohort was matched 1:1 on age (bands of 5 years), sex, and WHO stage at initiation
166  via random selection from an MPC dataset of 1,455 ART clients who had a phone number.
167  With a baseline 12-month retention at MPC of 73% in March 2021, 438 participants would be
168  required in each arm to provide 90% power to detect a 10% retention difference between 2wT
169  and SoC. We recruited 501 2wT participants to account for transfer-out, withdraws and deaths.

170  2wT participants-initiated ART between May 2021 — April 2022 and were followed through
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171 12 months post-ART initiation. The historical, matched, comparison SoC cohort initiated ART
172  at MPC between November 2019 - November 2020, before 2wT launch.

173

174  2wT behavior change theory

175  2wT design was informed by the theory that prompts can spur action to change [48]. By using
176  SMS to target key individual-level constructs proven effective in previous HIV-related
177  behavior change programs [49-52] it is expected that the 2wT intervention will improve early
178  retention on ART (Fig 1). To increase behavioral control over timely attendance at scheduled
179  ART visits, participants are reminded by SMS in advance to provide time to arrange transport
180  or free their schedules. 2wT helps improve participant motivation to make decisions for their
181  own wellness, including adhering to ART, via weekly non-HIV (neutral) messages or
182  educational content that support participant engagement in their health. Initial 2wT participant
183  education and subsequent interaction with 2wT officers encourages self-efficacy by providing
184  participants with an opportunity to request visit date changes, report transfers, or communicate
185  about any issues related to their visits.

186

187  Fig 1: Program theory of change for 2wT

188

189

190
191 Retention interventions

192  Standard of care (SoC)

193 The historical comparison cohort received SoC at MPC. As of mid-2019, as part of SoC, all

194  new ART initiates at MPC were assigned an ART Buddy, a PLHIV on ART at LT who would
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195  serve as a “buddy” for their first 12 months on ART. Buddies are considered Expert Clients, a
196  cadre of paid, trained, peer-supporters who guide clients through early ART care by providing
197  health education, disclosure support, and adherence counseling. Each ART Buddy is paid a
198  nominal fee to support ~15 new ART initiates.

199

200  The 2wT and historical comparison cohort received different retention support (Table 1).
201

202
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203  Table 1: Retention support received by 2wT and SoC participants

Activity First 12 months on ART
Standard of Care Two-way texting
(SoC) 2wT)
At ART Initiation
ART education and counselling at ART Yes Yes
initiation
Completion of locator form for B2C Yes Yes
purposes
Assigned an ART Buddy Yes No
Proactive retention activities
Weekly motivational messages No Yes
(general encouragement and information
about healthy habits)
Before a visit Phone calls by an Automated SMS visit

ART Buddy 3 days reminders 3 days and 1
and, if necessary, 2 day before a scheduled
days and 1 day before = visit
a scheduled visit

Reactive retention activities

1-13 days after a missed visit (reactive) Up to 3 phone call Automated SMS missed
unless a client returns to care = attempts by ART appointment reminders
Buddy after a missed  on days 2, 5, and 11
visit after scheduled visit
Back to care (B2C) referral for tracing Weekly manual Daily automated
>14 days generation of tracing ~ generation of tracing list
list

204

205 2wT intervention

206  The 2wT approach was developed in accordance with the Principles for Digital Development
207  [53] and based on the open-source Community Health Toolkit (CHT) [54]. 2wT’s easy-to-use
208 CHT-based design resulted from an iterative human-centered design (HCD) process that
209  incorporated feedback from LT clients, HCWs, and retention officers, described previously
210 [55]. In brief, 2wT is a free, proactive, mHealth intervention that combines automated
211  motivation messages with interactive individualized visit reminders (Fig 2) [42]. 2wT does not
212 use an app, nor does it require participants to download anything. ART clients who opt into

213 2wT are sent weekly one-way, “blast” motivation messages containing non-HIV-related

10
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214  content such as generic messages of encouragement (e.g., “You can do it”, “You are making
215  great choices every day”) and general health advice (e.g., “Drink boiled and clean water”,
216  “Seek help when you do not feel well”). Additionally, 2wT participants receive response-
217  requested individualized visit reminders day 3 and 1 before their scheduled clinic visit.
218  Participants who confirm visit reminders with a “yes” end the dialogue. A "no" triggers
219  interactive SMS with a HCW in which participants may change their appointment dates, report
220  transfers, or chat about other visit-related issues. Participants who miss a scheduled clinic visit
221  are sent follow-up reminders 2, 5, and 11 days after the appointment (unless they return to
222 care). Messages are stopped upon participant request, transfer or death.

223

224 Fig 2: 2wT intervention message flow

225
226

227

228  2wT recruitment: screening and enrollment

229  During the 2wT enrollment period (August 2021 - April 2022), all new ART clients at MPC
230  were screened for study eligibility, including: 1) initiated ART <6 months prior; 2) >18 years;
231  3) possessed phone at enrolment; 4) had basic literacy; 5) completed informed consent; and 6)
232 received their 2wT enrollment text. Eligible participants enrolled to receive messages in either
233 Chichewa or English, based on their preference, but could send SMS in any language.
234 Participants received instructions on how to respond to 2wT messages.

235

236 Data collection

11


https://doi.org/10.1101/2024.01.26.24301855
http://creativecommons.org/licenses/by/4.0/

Droprint (Which wass not certifiad by peet review) s e author/under, who hds granied meGR(Y a ioense 1o epiay the proprint i
itis made available under a CC-BY 4.0 International icense .
237  For both the 2wT and SoC cohort, data on routine MoH ART outcomes were extracted from
238  the EMRS for participants’ first twelve months post-ART initiation (May 2021 — June 2023
239  for 2wT and November 2019 — January 2022 for SoC). These outcomes could be either 1) alive
240  and on ART (alive and retained in ART care on the date of record review); 2) stopped ART
241  treatment (alive but informed the clinic they stopped ART); 3) transferred (documented move
242 to another facility); 4) dead (all cause mortality); and 5) LTFU (no return to clinic within 60
243 days of a scheduled visit) [46]. To ensure correct ART outcome ascertainment, intervention
244 and comparison group outcomes were updated for 60 days beyond the 12-month period.
245  Participants who requested to stop visit reminder messages were considered to have withdrawn
246  from the study and were classified as withdrew. SMS data was obtained from the 2wT database

247  and the SMS aggregator, Africa’s Talking.

248
249 Study Outcomes

250  Reach was measured using screening data and was defined as the proportion of screened
251  PLHIV eligible and willing to participate in 2wT. Effectiveness was measured as the effect of
252 2wT on 12-month retention on ART, defined as “alive on ART” according to the Malawi MoH
253  ART outcome, as opposed to “drop out”, a study-specific grouping that included both “stopped
254  ART treatment” and “LTFU”. We examined message response rates and 6-month retention on
255  ART care as secondary analyses.

256

257  Statistical analysis

258  2wT participants were considered exposed to the intervention if at least one visit reminder SMS
259  was successfully delivered to their phone within the 12-month follow-up period; exposed

260  participants were included in analysis. Descriptive statistics present matching success between

12


https://doi.org/10.1101/2024.01.26.24301855
http://creativecommons.org/licenses/by/4.0/

Droprint (Which wass not certifiad by peet review) s e author/under, who hds granied meGR(Y a ioense 1o epiay the proprint i
itis made available under a CC-BY 4.0 International icense .
261  the 2wT and SoC cohort, MoH ART outcomes at 6- and 12- month follow-up for 2wT vs. SoC
262  clients, and describe 2wT reach. Counts and frequencies report the number of messages sent
263 by the 2wT platform and by participants as well as message response rates. Chi-square tests
264  were performed to compare the proportion of participants in each MoH ART outcome category
265  for the 2wT and SoC cohort. 2wT participants who withdrew from the study were excluded
266  from the denominator. Effectiveness was primarily assessed in time-to-event analysis.
267  Transfer, death and withdrew were censoring events; LTFU and stopping ART treatment were
268  failure events. Participants were censored twelve months after ART initiation. Individuals in
269  the intervention arm who enrolled in the study after ART initiation were considered to come
270  under observation at the time of enrolment but entered analysis taking account of the
271  accumulated time on ART. Kaplan-Meier plots of retention on ART and probabilities of being
272 retained on ART six and twelve months post-ART initiation are presented, comparing 2wT and
273 SoC retention curves using a log-rank test. The effect of the intervention on ART drop out was
274  estimated using Cox proportional hazard models. Multivariable Cox proportional hazard
275  models were used to model the association between retention intervention (2wT or SoC) and
276  ART drop out, adjusting for sex, age and WHO stage at ART initiation. We assessed the
277  proportional hazards assumption using Schoenfeld residuals and assessed interaction between
278  the intervention and relevant covariates. The unadjusted hazard ratio (HR) and adjusted HR

279  were reported with 95% confidence interval.

280

281 Ethics

282  The study protocol was approved by the Malawi National Health Sciences Research Committee
283 (#20/06/2565) and the University of Washington, Seattle, USA ethics review board

284  (STUDY000101060). At enrolment, 2wT participants provided written informed consent in

13
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285  either Chichewa or English, according to their preference. SoC clients did not consent as only

286  de-identified, routine monitoring and evaluation data was collected from EMRS.

287

288  Results

289 2wT Reach

290  The study team screened 1,146 new ART clients at MPC to yield a cohort of 501 2wT
291  participants, an intervention reach of 44% (Fig 3). The most common reasons for ineligibility
292 were lack of phone access (393, 61%), illiteracy (149, 23%), and age under 18 years (48, 7%).
293  The majority of 2wT participants were female (56%), had an average age of 33 years, and
294  WHO clinical stages 1 or 2. Among 2wT participants exposed and included in analysis, 373
295  (80%) were enrolled at the ART initiation visit while the remaining 95 (20%) were enrolled
296  during a subsequent visit, on average 99 days (standard deviation (SD): 53 days) after ART
297  initiation. The matching process successfully created similarity in matched demographic and
298  clinical characteristics between 2wT and SoC groups (Table 2).

299

300 Fig 3: 2wT enrollment flow: Screening, eligibility, and enrollment participation

301

302

303

14
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304  Table 2. Participant characteristics

2wT arm Standard of care
(N=468) (N=468)
Sex
Female 261 (55.8%) 261 (55.8%)
Male 207 (44.2%) 207 (44.2%)
Age (years)
Median [interquartile range (IQR)] 3327 - 40] 33 [27 - 40]
Age group (years)
<20 4 (0.9%) 4 (0.9%)
20-24 64 (13.7%) 64 (13.7%)
25-29 102 (21.8%) 102 (21.8%)
30-34 88 (18.8%) 88 (18.8%)
35-39 90 (19.2%) 90 (19.2%)
40-44 56 (12.0%) 57 (12.2%)
45-49 42 (9.0%) 41 (8.8%)
50-54 11 (2.4%) 11 (2.4%)
55-59 7 (1.5%) 7 (1.5%)
60-64 2 (0.4%) 2 (0.4%)
65-70 1 (0.2%) 2 (0.4%)
75+ 1 (0.2%) 0 (0%)
WHO stage
Stage 1 or 2 364 (77.8%) 364 (77.8%)
Stage 3 71 (15.2%) 71 (15.2%)
Stage 4 30 (6.4%) 30 (6.4%)
Unknown 3 (0.6%) 3 (0.6%)
Time on ART before enrollment
Median [Min, Max] 0 [0, 182] 0 [0, 29.0]
305
306

307 2wT platform engagement

308  During the study period, the 2wT platform recorded a total of 31,861 messages. The 2wT

309  system sent 27,859 SMS (87%): 18,093 motivational messages (65%); 4,561 visit reminders
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310 (16%); 1,468 missed visit reminders (5%); and 3,737 other messages (13%) (Fig 4). The
311  delivery success rate was 76% for motivation messages; 79% for visit reminders; and 75% for
312  missed appointment reminders. Of all 31,862 messages, 4,002 messages (13%) were sent by
313 participants. Participants responded to 39% of successfully delivered pre-visit reminders
314 (proactive) and 32% of successfully delivered post-missed visit reminders (reactive). Of 16
315  (3%) participants who requested to stop 2wT messaging, 5 lost interest (31%), 5 noted
316  confidentiality concerns (31%), and 3 noted no longer needing texts to remember their
317  appointments (19%) as reasons to stop.

318

319

320  Fig 4: Interactive SMS flow between the 2wT system and the participants

321

322  2wT effectiveness

323  ART outcomes at 6 and 12 months

324  Six months post-ART initiation, 88% were alive and in care in the 2wT arm as compared to
325  76% in the SoC arm (p<0.001). The 2wT arm had lower LTFU (5% vs. 11%) than SoC
326  (p<0.001) and lower stopped treatment (1% vs. 5%) (p<0.001) than SoC arm (Table 3). At 12
327  months post-ART initiation, 81% of 2wT were alive and in care as compared to 66% of SoC
328  (<0.001). The 2wT arm had lower LTFU (7% vs 18%) (p<0.001) and stopped treatment (2%
329 vs 6%) (p=0.004) compared to SoC. Equal percentages of both 2wT and SoC transferred out
330 (9% vs 9%) and died (2% vs 2%) at twelve months.

331

332
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Table 3: 6- and 12-month MoH ART outcomes of 2wT vs. SoC participants

2wT arm Routine
N =468 N =468
N (%) N (%) P-value
6-months post-ART initiation 454%* 468
Alive 401 (88) 354 (76) <0.001
LTFU 21 (5) 52 (11) <0.001
Stopped treatment 6 (1) 25(5) <0.001
Transfer out 21 (5) 30 (6) 0.2
Dead 5() 7(2) 0.6
12-months post ART-initiation 452% 468
Alive 365 (81) 309 (66) <0.001
LTFU 31 (7) 84 (18) <0.001
Stopped treatment 10 (2) 28 (6) 0.004
Transfer out 39 (9) 40 (9) 1
Dead 7(2) 7(2) 0.9

*By 6-months, 14 participants, and by 12-months, 16 participants had withdrawn from the study

Retention in care at 6 and 12 months

Kaplan-Meier curves revealed differences in retention on ART over time between the 2wT and

the SoC arm (p<0.0001) (Fig 5). Six months post-ART initiation, the probability of being

retained on ART in the 2wT group was 93% (95% CI: 91% - 95%) compared to 79% (95%ClI:

75% - 82%) in the SoC group. At twelve months, the probability of retention on ART was 91%

among 2wT participants (95% CI: 88% - 93%) and 75% among SoC participants (95% CI:

71% - 79%).

Fig 5: Kaplan-Meier curve of retention on ART among 2wT and SoC clients over time,

displaying 95% confidence intervals and log-rank test p-value
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347

348  Drop out during the first year on ART

349  Inunadjusted analysis, being in 2wT arm was associated with a 62% lower hazard of drop out
350  during follow-up (HR 0.38, 95%CI: 0.27 — 0.55) as compared to SoC. A similar effect on drop
351  out was found controlling for sex, age and WHO stage (HR 0.38, 95% CI: 0.26-0.54). In the
352  first year on ART, men were more likely to drop out of care: in the multivariate analysis, being
353  male was associated with a 49% higher hazard of dropout from ART care as compared to
354  females (HR 1.49, 95% CI 1.07-2.09). Each additional year of age was associated with a 5%
355  reduction in hazard of dropout (HR 0.95% CI1:0.93-0.97). Compared to individuals with WHO
356  stage 1 or 2, those with WHO stage 3 at ART initiation had a 5% lower hazard of dropout (HR,
357  0.95% CI 0.59-1.52) while those with WHO stage 4 had a 31% higher hazard (HR 1.31, 95%
358  CI1.07-2.09).

359

360 Discussion

361  As aresult of the combined motivation messages and automated visit reminders of the 2wT
362  intervention, retention in ART care at 12 months was 16% higher among 2wT participants as
363  compared to SoC clients. At any point over the first year on ART, those with 2wT support were
364  62% less likely to drop out as compared to their SoC peers. For both 2wT and SoC, men were
365 more likely to drop out than females, and older clients were more likely to be retained.
366  Improved retention among 2wT participants is most striking in the first months immediately
367  after ART initiation, a high risk period when care gaps are most likely [56]. Still, 2wT
368  effectiveness should not eclipse limitations in 2wT reach: over 50% of those invited to
369  participate were ineligible, largely due to lack of phone access or illiteracy. This evidence
370  informs discussion of the strengths and weaknesses of the 2wT approach and provides guidance

371  for transitioning the optimization of 2wT from research to routine practice.
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372

373  Several aspects of 2wT design likely contributed to success. First, we used a human-centered,
374  co-design process with clients, HCWs, and stakeholders, informing iterative improvements that
375  likely raised the likelihood of matching the right 2wT design to the expressed local need [57].
376  For participants, the 2wT approach was perceived as user-friendly, responses were easy, and
377  both motivational and visit reminders were appreciated [42]. For HCWs, 2wT was highly
378  usable and was perceived to improve their connection with participants, reflecting their needs
379  [55]. Lighthouse HCWs currently maintain the day-to-day operations and management of the
380  2wT system independently, factors that enhance the likelihood of sustaining the intervention
381  [58]. The open-source 2wT technology, itself, appears to be the right fit for the low-resource
382  setting. 2wT requires only basic phones with SMS capability from participants (no
383  smartphones, no need to download apps, no data plan) and a web-based interface for HCWs
384  that runs on commonly available PC computers and Android tablets. The workload also meets
385  the low resource setting. Currently, one 2wT officer handles all client interaction for over 400
386  participants as compared to SoC where each ART Buddy is assigned up to 15 new ART clients.
387  The hybrid automated and manual design relies heavily on 2wT automated reminders, both

388  Dbefore visits and after missed appointments, requiring realistic effort while the intensity of

389  direct participant-to-HCW interaction appears manageable.

390  The intervention messages and their scheduling also likely improved outcomes. First, 2wT
391  messages were informed by health behavior theory, adapting the messages alongside software
392 optimization to increase the strength of both [59]. Over two decades of research demonstrates
393  the importance of having a strong theoretical model to provide rationale for how interventions
394  may influence behaviors [60]. We suggest that 2wT content helped improve participant
395  motivation, behavioral control, and self-efficacy, hoping to create positive habits of ART

396  adherence from initiation onward. Second, the cadence of 2wT messaging intensity appears to
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397  suit participants. Although other mHealth with weekly response-requested messaging found no
398  effect on 12-month retention [61], 2wT included weekly motivational or education messages
399  without requesting a response and only required participants to interact with the system or
400 HCWs with a single “1=yes” or 0=no” to confirm visits a few days before appointments, with
401  option to interact more if needed or desired. The 2wT nudge and minimal participant effort
402  likely lessened the potential fatigue that more messages could cause [13]. Furthermore, a
403  previous mHealth qualitative study noted that fears of unintended disclosure from HIV-related
404  message content could reduce SMS intervention participation or uptake [11]. Using

405  suggestions from current 2wT users, 2wT may have found the right type of mixed educational

406  and motivational content, without HIV-related messaging.

407  Despite effectiveness, effort will be needed to expand 2wT reach as only 44% of those screened
408  for participation met the 2wT eligibility criteria. Current access in Malawi to mobile phones in
409 2022 was estimated at 60% [62] with access among females likely lower [63]. However,
410  growth in mobile phone ownership is expected to rise, potentially reducing these concerns in
411  future. Likewise, as more than 25% of adults in Malawi are unable to read or write [64], future
412 voice functionality in 2wT or improved “flash” features (calling a number to trigger a voice
413 call back) could expand reach in response to low literacy client needs [13]. As 2wT participants
414  noted a preference for SMS over calls, given that messages are discrete and do not require a
415  participant to pick up or attend to them at a specific time [42], voice should not replace SMS,
416  but augment existing options. Additive retention models, where clients can have more than one
417  retention support may also lead to gains [12], improving reach and impact as 2wT moves from
418  research to routine practice. Expanding enrolment into 2wT for any client on ART, and
419  including clients ages 15 and older (the age of consent in Malawi) combined with efforts to
420  improve 2wT awareness among LT clients who come on evenings and weekends (when study

421  team were not available) could improve 2wT uptake of 2wT retention support.
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422  Limitations

423 Our findings should be considered in light of limitations. First, it is possible that 2wT effect
424  could diminish over time [65], and future studies of 2wT reach adaptation, flexibility, or
425  optimization should explore how to maintain the early retention gains. Second, despite
426  successful matching, using a historical comparison group may pose a threat to internal validity,
427  especially given the different temporal influences of COVID-19 on participants. Third, the
428  extent to which the two study cohorts received the intended retention support, i.e., whether
429  2wT participants actually received 2wT (were SMS read?) or whether PLHIV buddies actually
430  called SoC participants (did ART Buddies provide intended support?) is unknown, calling for
431  future fidelity investigation of both 2wT and SoC interventions in practice. Moreover, 2wT
432 was opt-in, allowing those who were eligible and interested to volunteer for the retention
433 support. Participants who choose an intervention are likely more open and responsive to the
434  support. Lastly, we did not include the outcomes of those who transferred out as we lacked
435  resources to track clients to other clinics. Despite these limitations, the strengths of this quasi-
436  experimental design in the routine Malawi ART setting suggests that this specific 2wT
437  approach may be beneficial to improve early retention among the sizeable population who wish

438  to opt-in.

439  Conclusions

440 At a high-volume, routine ART clinic in Malawi, the proactive, low-intensity 2wT approach
441  improved 12-month retention among new ART initiates who enrolled. 2wT should be scaled
442  asapart of, and not a replacement for, complementary retention efforts in routine ART settings
443  in Malawi. Even with sub-optimal reach, adoption the 2wT approach as a component of routine
444  retention efforts could benefit the ART client population as a whole by freeing existing HCWs
445  to trace more clients presumed LTFU, returning more clients to care. More retention choices

446  could also help cater to the diverse preferences and practicalities of retaining clients on ART
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over time. Given the large client volume of LT clinics, Lighthouse’s leadership, and continued

MoH collaboration, expansion of the 2wT retention approach for both new and existing ART

clients could positively impact overall ART program success at scale.
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Motivation messages

Frequency: Individually scheduled Frequency: Weekly
3 days and 1 day before a visit
2, 5, and 11 days after a missed visit Example: “Drink boiled or chlorinated water, 2 to 4 litres a day”

“You are being strong for your family”
Example: “You have a visit in 3 days. See you soon!
If you will return, enter 1= YES or 0=NO and press send”

“You have a visit tomorrow. See you soon!
If yvou will return, enter 1= YES or 0=NO and press send"”

Automated message from 2wT platform

“You missed your clinic visit.

If you will return, enter 1= YES or 0=NO and press send” Client response
- - "1 Live interaction with 2wT team
1=YES 0=NO
v v
“We look forward “Did you transfer? If YES, enter “1" or if NO,
to seeing you soon.” enter “0". Push send.”
1=YES 0=NO
“Thank you for letting us know.” ‘Do you want to change your visit date?
If YES, enter “1" or if NO, enter "0"."
: 4 L 4 [After transfer is confirmed with
client by 2wT staff, client ART
[No visit'response 14 days outcome updated v v
post visit date, message to as transferred out] 1=YES 0=NO
2wT staff] +
“System task alert!
- - . “SMS us here for other concerns.
Refer patient to routine B2C Or “flash” for a follow-up call
= \ S . S, S \ S :
| 2wT staff refers to routine B2C 1 Interactive 2wT or call client to change date or solve problems .
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Fig3

Screened for eligibility
N=1,146

A 4

Eligible and enrolled
in 2wT intervention
N=501 (44%)

Ineligible and excluded from participation
N=645 (56%)

- 393 (61%) Lack of phone access

- 149 (23%) llliteracy

- 48 (7%) Age <18 years

- 38 (6% ) Not interested in participating

- 13 (2%) Immediate transfer of care to other clinic
- 3 (<1%) Visit attended by client's representative
- 1 (<1%) Not ready to start

\ 4

Included in analysis
N=468 (94%)

Excluded from analysis
N=32 (6%)

- 24 (75%) Unexposed to intervention (transferred
out or died before receiving a visit reminder)

- 8 (25%) Erroneously enrolled after >6 months
on ART
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Motivation
messages
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Successfully
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'
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Figd

Visit reminder
messages
N=4561 (16%)

Successfully
delivered
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Missed visit
reminder messages
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Other
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