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Abstract

Background Non-adherence to tuberculosis treatment increases the risk of poor treatment outcomes. Digital
adherence technologies (DATs), including the smart pillbox (EvriMED), aim to improve treatment adherence and are
being widely evaluated. As part of the Adherence Support Coalition to End TB (ASCENT) project we analysed data
from a cluster-randomised trial of DATs and differentiated care in Ethiopia to examine individual-factors for poor
engagement with the smart pillbox.

Methods Data were obtained from a cohort of trial participants with drug-sensitive tuberculosis (DS-TB) whose treat-
ment started between 1 December 2020 and 1 May 2022, and who were using the smart pillbox. Poor engagement
with the pillbox was defined as (i) > 20% days with no digital confirmation and (i) the count of days with no digital
confirmation, and calculated over a two evaluation periods (56-days and 168-days). Logistic random effects regres-
sion was used to model >20% days with no digital confirmation and negative binomial random effects regression

to model counts of days with no digital confirmation, both accounting for clustering of individuals at the facility-level.

Results Among 1262 participants, 10.8% (133/1262) over 56-days and 15.8% (200/1262) over 168-days had > 20%
days with no digital confirmation. The odds of poor engagement was less among participants in the higher stratum
of socio-economic position (SEP) over 56-days. Overall, 4,689/67,315 expected doses over 56-days and 18,042/199,133
expected doses over 168-days were not digitally confirmed. Compared to participants in the poorest SEP stratum,
participants in the wealthiest stratum had lower rates of days not digitally confirmed over 168-days (adjusted rate
ratio [RR.]:0.79; 95% confidence interval [Cl]: 0.65, 0.96). In both evaluation periods (56-days and 168-days), HIV-posi-
tive status (RR,:1.29; 95%Cl: 1.02, 1.63 and RR:1.28; 95%Cl: 1.07, 1.53), single/living independent (RR,:1.31; 95%Cl: 1.03,
1.67 and RR,:1.38; 95%Cl: 1.16, 1.64) and separated/widowed (RR,:1.40; 95%Cl: 1.04, 1.90 and RR,:1.26; 95%Cl: 1.00, 1.58)
had higher rates of counts of days with no digital confirmation.
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Conclusion Poorest SEP stratum, HIV-positive status, single/living independent and separated/ widowed were asso-
ciated with poor engagement with smart pillbox among people with DS-TB in Ethiopia. Differentiated care for these
sub-groups may reduce risk of non-adherence to TB treatment.
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Background

Non-adherence to treatment remains to be one of the
challenges that tuberculosis programmes face. It can
result in increased risk of poor treatment outcomes,
development of drug resistant strains, transmission of TB
in the community, increased morbidity and mortality [1].

The literature has documented several factors that
are known to affect treatment adherence. These include
individual factors such as age, sex, treatment phase, HIV
co-infection, stigma, low income, lower education level,
lack of support; provider factors such as health care
workers’ skills, training, and attitudes; and health system
factors including patient load and health care staffing
[2-10]. Digital adherence technologies (DATSs), such as
the smart pillbox, short message service (SMS) or video
supported therapy, aim to improve treatment adherence,
ideally resulting in better treatment outcomes and reduc-
ing treatment recurrence [11]. These interventions are
based on patient engagement with the technology, such
as a pillbox opening, considered a proxy for treatment
adherence. Real-time monitoring of DAT engagement
by health care workers allows additional support to be
offered to patients who appear to have issues with treat-
ment adherence [11].

The Adherence Support Coalition to End TB
(ASCENT) project is conducting cluster-randomised tri-
als (CRTs) in five countries with varied epidemiology of
TB and HIV, to evaluate the effectiveness of DATs with
differentiated care in improving treatment outcomes [12,
13]. In this context, understanding engagement with the
DAT with respect to individual-level and facility-level
factors is of interest in order to understand intervention
delivery. Furthermore, in resource limited settings, iden-
tifying factors that contribute to poor engagement with
DAT could facilitate optimal implementation of adher-
ence interventions and promote patient-centred differen-
tiated care to improve TB treatment adherence. Hence,
good engagement with the DAT is important for showing
potential effectiveness of these interventions.

Ethiopia is among the 30 high TB burden countries in
the world with an estimated TB incidence rate of 143 per
100,000 population and mortality rate of 18 per 100,000
population [14]. Studies from Ethiopia have variable and
inconsistent findings regarding non-adherence to treat-
ment for tuberculosis ranging between 9 and 36% [5, 10,
15, 16]. Early detection of non-adherence as measured

through poor engagement with the DAT and information
on contributing factors are needed to understand how
interventions, including smart pill boxes, can improve
adherence through person-centred care.

This analysis examined the individual-factors associ-
ated with poor engagement with the DAT among adults
with pulmonary drug-sensitive TB (DS-TB) using the
smart pillbox participating in the ASCENT project in
Ethiopia. Our findings will inform a pragmatic approach
of measuring treatment adherence using smart pillbox to
identify and support people with TB at risk of poor medi-
cation adherence.

Methods

Study design/setting

The study area is in Addis Ababa city and Oromia region
in Ethiopia. The ASCENT trial is a pragmatic three-arm
cluster randomised trial (CRT), with health facility as
the unit of randomisation. Facilities were randomised,
in a ratio of 1:1:1, to either a DAT intervention (smart
pillbox or medication labels) with daily monitoring of
adherence and differentiated care, or standard of care.
Adults (>18 years) with pulmonary DS-TB initiat-
ing treatment in the health facilities participating in the
trial were offered enrolment. Following informed con-
sent, participants received the intervention allocated
to the facility they enrolled from (Trial registration:
PACTR202008776694999). Details of the trial design are
described elsewhere [12]. Those in the medication labels
arm facilities who did not have access to a phone were
offered a pillbox.

Participants using the smart pillbox, received the box
with dosing instruction and anti-TB drugs were placed
were inside. Based on the participants’ preference, the
boxes were configured with an audio-visual alert to
remind patients to take their medication at a pre-defined
time. Each time participants opened the box to take their
medication, their “daily dose” was automatically logged
on to the Everwell Hub web-based platform (https://
www.everwell.org) via a built-in mobile internet connec-
tion. For days where the box was not opened, the plat-
form flagged a missed daily dose. This platform allowed
TB care providers to access and evaluate real-time dos-
ing data of each participant and offer differentiated care,
including SMS reminders, phone calls and home visits, as
appropriate.


https://www.everwell.org
https://www.everwell.org
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Study population

The study population for this analysis was nested within
an ongoing pragmatic CRT of smart pillbox and medi-
cations labels, and included adult patients, who started
treatment for DS-TB between 1 December 2020 and
1 May 2022, initiating on the pillbox within 14 days of
treatment start. Participants with completely missing
baseline or dosing data were excluded, as were those
switching to MDR-TB treatment, missing treatment out-
comes, or whose diagnosis changed to not TB. Engage-
ment with technology was based on digital logging of the
box being opened, over the first 56 and 168 days of treat-
ment, representing the intensive phase of treatment and
full course of treatment for TB, respectively.

Measures

To investigate the effect of risk factors on poor engage-
ment with the technology among adults with DS-TB,
individual-level factors known to affect adherence to
treatment for tuberculosis were assessed. These fac-
tors were collected at study enrolment by interview
or abstracted from the TB register and categorised as
socio-demographic or clinical factors. The socio-demo-
graphic factors were sex, age, education, marital status,
and wealth index. The clinical factors were HIV status,
previous TB status and type of TB (whether the TB was
diagnosed bacteriologically or not). A wealth index was
created representing household socioeconomic position
(SEP) using principal component analysis [17, 18]. Using
a polychoric analysis of household assets (livestock, land,
and house ownership), characteristics (cooking fuel type,
toilet/sewage facilities, source of drinking water, num-
ber of rooms per person, frequency of income), and
consumer goods (bicycle, truck, cart, motorcycle, bed,
refrigerator, lamp, mattress, mitad, mobile, ratio, sofa, tel-
evision), we constructed a dual-component wealth index.
This allows an additional dimension of wealth, expressed
by the second component, which helps to limit the intro-
duction of urban bias through a better representation of
rural patterns of wealth [19]. This index was subsequently
grouped into quintiles, measuring household SEP. A
facility-level (health-system) measure of the percentage
of poor treatment outcome (death, lost to follow-up or
treatment failure) among adults with DS-TB, evaluated in
a cohort prior the start of the trial, was calculated. This
percentage was grouped into terciles based on the distri-
bution at the cluster-level to account for baseline health
facility-level characteristics.

The main outcome for this study was poor engagement
with smart pillbox and measured using two approaches:
(i) a binary response defined as>20% days with no digi-
tal confirmation and (ii) the count of days with no digital
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confirmation. Both outcomes were measured over the
two time periods of 56-days (intensive phase) and 168-
days (full course of 6 month TB treatment). For the
binary outcome the denominator was defined as the
number of days from the start date of the DAT to the ear-
liest of (i) treatment stop or (ii) analysis time period (day
56 and 168 from treatment start). Treatment stop was
either at the time of (i) transfer to another facility, com-
pletion of treatment, on-treatment death, lost to follow-
up or treatment failure, or (ii) participant withdrawal
from the intervention either due to the participant want-
ing to stop or technical issues with the device. The count
outcome was measured as the number of days with no
recorded digital pillbox opening. Digital confirmation on
a treatment-day refers to the participant opening the pill-
box on the day, and is assumed to be a proxy for a dose
taken.

Statistical analysis
Descriptive statistics, including proportions, standard
deviations and ranges, were computed to describe age
and sex distributions, HIV prevalence and poor engage-
ment with the smart pillbox. Logistic random effects
regression was used to model the binary outcome of at
least>20% days with no digital confirmation. Negative
binomial random effects regression was used to model
the count of days with no digital confirmation, and the
denominator, as described previously, used as an offset.
Both models accounted for clustering of individuals at
the facility-level. Risk factors investigated included age,
sex, previous TB, bacteriological confirmation, HIV sta-
tus, level of education, marital status, and SEP. Changes
in the magnitude of estimates between crude and (age
and sex) adjusted measures of effect were evaluated for
each potential risk factor. Following age- and sex-adjust-
ment three variables were identified to investigate further
in multivariable analysis, based on confidence intervals
excluding one for either outcome or time period. Sepa-
rate, fully-adjusted models, were constructed for these
variables where adjustment was guided by a conceptual
framework, avoiding adjustment for intermediate vari-
ables. All available data based on our inclusion criteria
for this study were used in the analysis and no formal
sample size calculation was conducted. Precision of
estimates were judged by reviewing the 95% confidence
intervals. To avoid issues of data sparsity for the binary
outcome model adjustment was restricted to a minimum
of 10 outcomes per variable [20, 21]. Complete case anal-
yses were conducted as the percentage of the total sample
size with missing data was less than 2.5%. Data analysis
was conducted using Stata 17.

Written informed consent was obtained from all par-
ticipants in the ASCENT trial. The trial has approval
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from London School of Hygiene & Tropical Medicine
Ethics Committee (19,120), United Kingdom; WHO
Ethical Review Committee (ERC.0003297), Switzerland;
Addis Ababa City Administration Health Bureau Public
Emergency and Health Research Directorate Institutional
Review Board (AA16238/227), and Oromia Regional
Health Bureau Public Emergency and Health Research
Directorate Institutional Review Board, Ethiopia (BEFO/
HBTFH/1-16/10415).

Results

Between 1 December 2020-1 May 2022, 2,430 adults
with DS-TB were enrolled across the three arms of the
parent study, excluding those who had switched to an
MDR regimen, or diagnosis changed to not TB or TB
outcome unknown. A total of 1,000 participants were in
the standard of care arm or started medication labels,
and a further 87 started the pillbox > 14 days after treat-
ment start, leaving 1,343 participants. Of these, 76 had no
available baseline or DAT engagement data and five had
other data errors that could not be resolved. This resulted
in a total of 1262 participants (94%) included in this anal-
ysis (Fig. 1). These participants were enrolled from 43
facilities; 26 facilities randomised to the pillbox arm and
17 randomised to the medication labels arm, for whom
patients with no mobile phone access used the pillbox.
The mean number of participants per facility was 29.3
(standard deviation [SD] 27.3) with a range of 1 to 135.
The mean age was 33.9 years (SD 13.8, range 18 to 99),
59.2% (747/1262) were male and 40.8% (515/1262) were

Adults with DS-TB enrolled between
1 December 2020 and 1 May 2022
(n=2430)
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female, and prevalence of HIV was 12.5% (157/1257).
Half (50.9%, 643/1262) of the participants had no or less
than primary level education and 66.5% (839/1261) had
bacteriologically confirmed TB (See Table 1).

Over the intensive phase and full course of TB treat-
ment, 10.5% (133/1262) and 15.8% (200/1262) of par-
ticipants had >20% of days with no digital confirmation,
respectively. Table 2 displays the crude odds ratio [OR]
(and 95% confidence interval [CI]) of poor engagement
with technology for the risk factors explored, as well
as the corresponding age-and-sex-adjusted ORs (and
95%CI). Participants in the fourth stratum of SEP had a
51% lower (95%CI 6% to 75%) odds of poor engagement
with technology over intensive phase — compared to
those in the poorest stratum; and that participants in the
wealthiest stratum of SEP had a 41% (95%CI 0% to 65%)
lower odds of poor engagement with technology over full
course of TB treatment — compared to those in the poor-
est stratum. Over intensive phase, being clinically diag-
nosed was associated with a 55% increase in odds of poor
engagement, though this effect was not observed over
full course of TB treatment.

When poor engagement was measured using counts
of days with no digital confirmation, a total of 4,686
(6.9%) doses were not digitally confirmed (out of 67,315
doses required) over the intensive phase of treatment
and 18,042 (9.0%) were not digitally confirmed (out of
199,133 required) over the full course of TB treatment
(Table 3). Participants in the wealthiest stratum of SEP
had a 21% (95%CI 4% to 35%) reduction in the rate of

Not eligible (n=1087)
------------------------------ » -Did not start pillbox (SoC, labels) (n=1000)
-Initiated on pillbox > 14 days (n=87)

A 4

Adults with DS-TB eligible for the
study (n=1343)

Excluded (n=81)

- Participants with completely missing baseline or
dosing data at the time of analysis (n=76)

- Data error in facility id (n=5)

Analysed for poor engagement
(n=1262; 94%)

Fig. 1 Flow diagram for study participants
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Table 1 Socio-demographic and clinical characteristics of study
participants (N=1262)

n %

Agein years

18to0 24 364 28.8

25to0 34 401 31.8

35+ 497 394
Sex

Female 515 40.8

Male 747 59.2
HIV status®

Negative 1100 87.5

Positive 157 125
Previous TB

No 1183 93.8

Yes 78 6.2
Education

None 183 14.5

Less than primary 460 36.5

Primary completed 220 174

Secondary or more 399 316
Marital status

Single 324 257

Single/independent 234 185

Married/cohabiting 573 454

Separated/widowed 131 104
SEP

Poorest 248 200

Second 247 200

Middle 247 20.0

Fourth 247 20.0

Wealthiest 247 200
BC confirmed

Yes 839 66.5

No 422 335

@ HIV status at baseline. TB Tuberculosis, SEP socio-economic position BC
bacteriological confirmation. There were 5 patients with unknown HIV status, 1
patient with unknown TB history, 26 with missing data on SEP and 1 patient with
missing bacteriological confirmation

days not digitally confirmed over full course of TB treat-
ment compared to the poorest stratum, after adjusting for
age and sex. No such pattern was observed over intensive
phase. HIV-positive participants had a 29% higher rate of
no digital confirmation over intensive phase (95%CI 2%
to 63%) and a 28% higher rate of doses missed over full
course of TB treatment (95%CI 7% to 53%) compared to
HIV negative participants, after adjusting for age and sex.
There was also some evidence of higher rates of no digi-
tal confirmation among those single/ living independent
and those separated/widowed compared to single par-
ticipants living with parents. The age-and-sex adjusted
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rate ratio (RR) for those single/living independent was
1.31 (95%CI 1.03 to 1.67) over intensive phase and 1.38
(95%CI 1.16 to 1.64) over full course of TB treatment;
for those separated/widowed the corresponding RR were
1.40 (95%CI 1.04 to 1.90) and 1.26 (95%CI 1.00 to 1.58).

Table 4 displays the results of the multivariable models
assessing HIV status, SEP and marital status as risk fac-
tors for poor engagement with technology, using the two
outcome measures. After adjusting for age, sex, previ-
ous TB, level of education, marital status and SEP, HIV-
positive participants had 27% higher rates of no digital
confirmation over the intensive phase (95%CI 0% to 62%)
compared to HIV negative participants and 29% higher
rates (95%CI 7% to 55%) when the outcome was assessed
over full course of TB treatment. The association was not
observed for the binary poor engagement outcome over
intensive phase or full course of TB treatment. For SEP,
after adjusting for age, sex, previous TB, level of educa-
tion and marital status, the wealthiest stratum had 18%
lower rates of no digital confirmation over full course of
TB treatment (95%CI 0% to 34%), with similar patterns
for the binary outcome, albeit with confidence intervals
including one. In the analysis of count of no digital con-
firmation over full course of TB treatment, being single/
living independent, and separated/widowed showed
higher rates of poor engagement. The facility-level meas-
ure showed no association with either poor engagement
outcome.

Discussion
This study analysed individual and facility factors asso-
ciated with poor engagement with the smart pillbox in
a population of 1262 adults with DS-TB receiving treat-
ment in a predominantly urban setting in Ethiopia. Over
the intensive phase of treatment, 7.0% of doses were not
digitally confirmed and 10.5% of participants had >20%
of treatment days with no digital confirmation. These
became, 9.1% and 15.8% respectively when the outcome
was evaluated over full course of TB treatment. We found
some evidence that higher relative SEP was associated
with better engagement with technology particularly
over full course of treatment for TB. Rates of no digital
confirmation were higher in HIV positive compared to
HIV negative participants, over the intensive phase and
full course of treatment for TB. Finally, those single/ liv-
ing independent or separated/widowed had higher poor
engagement for both outcomes, particularly over full
course of treatment for TB. Rather than showing differ-
ent factors for intensive versus the full course of treat-
ment period, our results were generally consistent across
the two time periods.

Engagement with the smart pillbox over the entire
6-month treatment period has been reported in recent
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Table 2 Poor engagement with technology defined as proportion of participants with >20% days with no digital confirmation over

intensive and full course of TB treatment

POOR ENGAGEMENT (>20% DAYS WITH NO DIGITAL POOR ENGAGEMENT (>20% DAYS WITH NO DIGITAL

CONFIRMATION) OVER INTENSIVE PHASE

CONFIRMATION) OVER FULL COURSE

10.5% (133/1262) ORc ORc95%Cl ORa

ORa 95%Cl 15.8% (200/1262) ORc ORc95%ClI ORa ORa95%Cl

% poor outcome'

<4% 10.0% (51/510) 1 1 1

>49% to 7% 13.1%  (50/381) 133 (070,255 134

>7% 8.6% (32/371) 0.78 (040,152) 078
Age, in years

181024 11.5% (42/364) 1 1 1

251034 85%  (34/401) 069 (042,1.12) 070

35+ 11.5%  (57/497) 094 (061,145 097
Sex

Female 11.8% (61/515) 1 1 1

Male 96% (72/747) 0.76 (052,1.10) 0.77
HIV status®

Negative 102% (112/1100) 1 1 1

Positive 12.7%  (20/157) 126 (0.74,212) 124
Previous TB

No 106% (125/1183) 1 1 1

Yes 103%  (8/78) 1.09 (0.50,237) 1.08
Education

None 82% (15/183) 1 1 1

Less than primary 11.5%  (53/460) 150 (0.81,2.78) 1.72

Primary completed  10.9%  (24/220) 145 (0.72,290) 174

Secondary ormore  10.3%  (41/399) 135 (0.71,256) 158

Marital status

Single 10.8% (35/324) 1 1 1
Single/independent  9.4%  (22/234) 086 (0.48,153) 087
Married/cohabiting  10.8%  (62/573) 094 (0.60,149) 096
Separated/widowed 10.7%  (14/131) 0.90 (046, 1 77) 0.81
SEP
Poorest 12.5%  (31/248) 1 1 1
Second 77% (19/247) 059 (031,1.09) 061
Middle 146% (36/247) 116 (067,200) 120
Fourth 6.5% (16/247) 049 (0.25,094) 049
Wealthiest 109% (27/247) 084 (047,1.52) 085
BC confirmed
Yes 94%  (79/839) 1 1 1
No 128%  (54/422) 1.56  (1.06,229) 1.55

1 159% (81/510) 1 1 1 1
(0.70,257)  157%  (60/381) 098 (0.53,1.82) 1.00 (0.53,1.87)
(0.40,1.53)  159% (59/371 0.97 (0.54,177) 099 (0.54,1.82)

1 179%  (65/364) 1 1 1 1
(043,1.14)  147%  (59/401) 076 (051,1.12) 074 (0.50,1.11)
(063,1.51)  153% (76/497) 0.78 (0.54,1.14)  0.77 (0.53,1.12)

1 144%  (74/515) 1 1 1 1
(053,1.11)  169% (126/747)  1.18 (0.86,163) 121 (0.88,167)
1 159% (175/1100) 1 1 1 1

(0.72,213)  159%  (25/157) 098 (061,1.57) 1.06 (0.65,1.73)

1 16.0% (189/1183) 1 1 1 1

(0.50,236)  141% (11/78) 096 (049,1.88) 097 (049, 1.91)
1 148% (27/183) 1 1 1 1

(091,324) 176% (81/460) 1.28 (0.79,2.08) 1.17 (0.70,1.93)
(0.84,3.61)  155% (34/220) 1.16  (0.66,205) 1.02 (0.56,1.85)
(0.80,3.09)  14.5%  (58/399) 105 (0.63,1.75) 093 (0.54,1.60)
1 14.5% (47/324) 1 1 1 1

(049,1.56)  17.9%  (42/234) 130 (0.81,207) 135 (0.84,2.16)
(059,1.56)  14.8% (85/573) 097 (0.65,144) 1.11 (0.73,1.71)
(0.39,1.68)  19.8% (26/131) 129 (0.75,223) 159 (0.88,2.89)

1 19.0% (47/248) 1 1 1 1

(0.33,1.14)  162% (40/247) 082 (051,1.34) 081 (0.50,132)
(0.69, 2. 07) 17.4%  (43/247) 0.87 (O 53,140) 086 (0.53,1.39)
(0.25,095)  13.8% (34/247) 068 (041,1.14) 068 (041,1.13)
(047,153)  12.1%  (30/247) 0.59 (O 35,1000 059 (0.35,1.01)
1 15.7%  (132/839) 1 1 1 1

(1.05,228)  16.1%  (68/422) 111 (0.79,1.54)  1.11  (0.80, 1.55)

Crude (ORc) and adjusted (ORa) odds ratio and 95% confidence intervals (Cl) calculated using logistic regression with random effects. Adjusted models condition on

age and sex only

!Facility level percentage with poor outcomes in the previous year (§) HIV status at baseline. TB Tuberculosis, SEP socio-economic position, BC bacteriological
confirmation. There were 5 patients with unknown HIV status, 1 patient with unknown TB history, 26 with missing data on SEP and 1 patient with missing

bacteriological confirmation

trials, with results comparable to our observations. In
a cluster-randomised trial from China with every other
day dosing, in the pillbox arm, 13.9% of treatment days
were not digitally confirmed and 17% of participants
had at least 20% days with no digital confirmation [22].

In the TB Mate study from South Africa, among partic-
ipants in the pillbox arm, 11.5% of days were not digi-
tally confirmed and 18.5% of participants had at least
20% of treatment days without digital confirmation
[23].
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Table 4 Results of the multivariable models assessing HIV status and SEP as risk factors for poor engagement with technology
using > 20% days and counts of days with no digital confirmation over intensive phase and full course of TB treatment

>20% DAYS WITH NO DIGITAL CONFIRMATION

COUNTS OF DAYS WITH NO DIGITAL CONFIRMATION

INTENSIVE PHASE FULL COURSE INTENSIVE PHASE FULL COURSE
ORa ORa 95%Cl ORa ORa 95%Cl RRa RRa 95%ClI RRa RRa 95%ClI
HIV status
Negative 1 - 1 1 - 1 -
Positive 1.26 (0.72,2.21) 097 (0.58,1.61) 1.27 (0.99,1.62) 1.29 (1.07,1.55)
SEP
Poorest 1 - 1 1 - 1 -
Second 0.58 (0.31,1.08) 0.80 0.49,1.31) 0.85 (0.65,1.10) 0.9 (0.75,1.08)
Middle 1.10 (0.62,1.92) 0.88 0.53,1.43) 1.09 (0.85, 1.40) 0.98 (0.81,1.18)
Fourth 044 (0.22,0.87) 0.71 042,1.19) 0.88 (067,1.15) 0.88 (0.73,1.07)
Wealthiest 0.73 (0.38, 1.40) 0.62 0.35,1.10) 0.85 (0.64,1.12) 0.82 (0.66, 1.00)
Marital status
Single 1 - 1 1 - 1 -
Single/independent 0.77 (041,1.43) 1.22 (0.74,2.01) 1.23 (0.96, 1.59) 1.34 (1.12,1.60)
Married/cohabiting 0.86 (0.52,1.42) 1.04 (0.67,1.61) 1.17 (0.94,1.46) 1.10 (0.94,1.29)
Separated/widowed 0.74 (0.35,1.57) 148 (0.80,2.72) 1.35 (0.99, 1.85) 1.26 (099, 1.59)

Adjusted (ORa) odds ratio and 95% confidence intervals (Cl) calculated using logistic regression with random effects. Adjusted (RRa) rate ratio and 95%(Cl) calculated
using negative binomial regression with random effects. Model for HIV status at baseline (N=1231, DF = 16) adjusted for age, sex, previous TB, level of education,
marital status, SEP, and facility. Model for SEP (N=1235 DF = 15) adjusted for age, sex, previous TB, level of education, marital status, and facility. Model for marital
status (N=1235 DF = 15) adjusted for age, sex, previous TB, level of education, SEP, and facility. The variable facility represents proportion of poor outcomes per facility

in the previous year. SEP socio-economic position

Comparison of our results to the literature on factors
associated with poor engagement is limited to what is
known about factors associated with more direct meas-
ures of adherence, as little is reported on DAT engage-
ment. The relationship between lower SEP and increased
risk of general poor health has been well explored in the
literature [24—26]. People with low SEP, and particularly
many people with TB, are burdened with more complex
life issues, including lack of access to nutritious food, lack
of access to health care, be overworked or stressed and
less privacy at home due to overcrowding [5, 10, 27-31].
This may make them prioritise basic life needs rather
than their overall health and/ or treatment care, be less
conversant with TB treatment and ultimately lead to
poor engagement to the technology that was provided to
support their TB treatment.

In our study, participants with TB/HIV co-infection
were more likely to miss doses of their anti-TB treat-
ment medication, based on the proxy of poor engage-
ment with the DAT, measured by counts of days with
no digital confirmation. This finding was consistent with
previous studies conducted in Sub Saharan African coun-
tries, including Ethiopia. Pill burden, adverse effects of
anti-TB medication and fear of stigma among people
with TB/HIV co-infection have been documented to be
more common compared to people with TB only [6, 27,
32-34]. Furthermore, less motivation to take medication

among people with TB/HIV co-infection has been
reported in studies conducted in Sub-Saharan Africa 35,
36]. These stressors may likely exacerbate forgetfulness,
psychological distress, and non-disclosure of HIV status
to family, which in turn could negatively influence their
medication adherence and engagement to DAT. There-
fore, our study may highlight the relevance of social rela-
tionships in improving adherence to treatment, especially
in resource limited settings.

We found participants who were single/ living inde-
pendent and separated/ widowed had higher likelihood
of missing doses as evidenced by poor engagement with
the DAT, after adjustment for age and other factors.
This could reflect lower social capital in this subgroup.
Although we did not capture a more direct measure of
social capital defined as psychosocial assets which shape
health, it includes the support from household- or com-
munity members that individuals with TB receive in their
treatment [17]. Social factors for non-adherence such
as stigma and limited knowledge of TB may have a pro-
nounced detrimental effect in the livelihood of these sub-
groups and deprive them of social network that could
have addressed the social barriers to TB treatment adher-
ence. Previous studies have shown that providing social
support that could involve financial incentives, emo-
tional support, and informational provision from one’s
social network, can improve adherence to TB treatment
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[37-41]. Another pathway for those single could be
through having to travel longer periods for work and not
taking pillbox due to the inconvenience [5].

A facility-level measure of percentage of people with
TB with poor treatment outcomes prior to our study,
aiming to reflect facility and individual-level engage-
ment with care, was not found to be associated with par-
ticipant engagement with the DAT. More detailed data
on facility-level measures such facility infrastructure,
staff leadership, engagement with the interventions, and
patient—provider relationship would be required to have
a better understanding of the role of facility-level factors
in DAT engagement [42].

Our study aimed to understand engagement with the
DAT among people with TB. Comparing studies evalu-
ating treatment adherence is often challenging without
a gold standard comparator test, such as urine isoniazid
testing. Some studies have suggested good sensitivity
and/ or specificity but others have shown poor agree-
ment, particularly with a SMS-based DAT. Our study
included participants from 43 health facilities in two
regions in Ethiopia, though mainly limited to more urban
areas. We used two measures of DAT poor engagement,
measured over two time periods—a binary variable
reflecting>20% of treatment days with no digital con-
firmation, aligning with commonly used categorisation
of adherence in the literature [22, 43—47] and a count of
treatment days with no digital confirmation. The binary
measure is likely to have resulted in reduced power to
detect differences by subgroups. We constructed a meas-
urement of SEP using two principal components, rather
than the first one, as proposed by Martel et al. (2021).
This allows incorporation of the additional dimension
of wealth thereby limiting the introduction of urban
bias through a better representation of rural patterns of
wealth. Measures of stigma and several dimensions social
capital which may influence DAT engagement were not
collected as part of the study. Our study sample is rep-
resentative of the trial population and missing data were
minimal. Results from the two outcome approaches are
broadly similar, reflecting consistency of baseline effects
on poor engagement. Despite careful adjustment for
confounders in the regression models guided by concep-
tual frameworks, one limitation of the study is we can-
not discount residual confounding due to unmeasured
confounders.

Conclusion

Participants’ poor engagement with smart pillbox and
rates of days with no digital confirmation increased
over TB treatment time. Poorest SEP stratum, HIV-pos-
itive status, single/ living independent and separated/

Page 10 of 12

widowed were individual-level factors associated with
poor engagement with the DAT among adults with
DS-TB receiving treatment in Ethiopia. Additional sup-
port, such as counselling, psychosocial and peer sup-
port to these sub-groups is recommended to reduce
risk of non-adherence to TB treatment. Provider and
facility level factors associated with poor engagement
during the treatment course warrants further study.
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