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Scalable solutions to treat depression in older adults in low-resourced
settings are urgently needed. The PRODIGITAL-D pragmatic, single-blind,
two-arm, individually randomized controlled trial assessed the effectiveness
of amobile messaging psychosocial intervention inimproving depress-

ive symptomatology among older adults in socioeconomically deprived
areas of Guarulhos, Brazil. Older adults (aged 60+ years) registered with 24
primary care clinics and identified with depressive symptomatology (9-item
Patient Health Questionnaire (PHQ-9) scores >10) received the 6-week Viva
Vidaintervention based on psychoeducation and behavioral activation
(n=298) or asingle message (n =305). No health professional support was
offered. The primary outcome was improvement from depressive symptom-
atology (PHQ-9 <10) at 3 months. Of the 603 participants enrolled (mean
age = 65.1years; 451 (74.8%) women), 527 (87.4%) completed the follow-up
assessment. In the intervention arm, 109 of 257 (42.4%) participants had an
improved depressive symptomatology, compared with 87 of 270 (32.2%)
participantsin the control arm (adjusted odds ratio =1.57; 95% confidence
interval =1.07-2.29; P=0.019). No severe adverse events related to trial
participation were observed. These results demonstrate the usefulness of a
digital messaging psychosocial intervention in the short-term improvement
from depressive symptomatology that can potentially be integrated into
primary care programs for treating older adults with depression. Brazilian
Registry of Clinical Trials registration: ReBEC (RBR-4c94dtn).

Reducing the burden of depression in older adults is a global health
priority, key to ensuring healthy aging and promoting well-being, espe-
cially in low- and middle-income countries (LMICs) where 69% of the
world’s older population live'. In Brazil, the number of adults aged 65
years or older has increased by 57% since 2010, now representing 11%
of the total population®. Of the older adultsinterviewed in the Brazilian
National Health Survey 0f2019,12% reported that they had experienced

depressionin the past’. Estimates from low-resource settings in Brazil
found that 30% of the older population had experienced depressive
symptoms suggestive of clinical depression; only one-third of them
had received a previous diagnosis®.

Programs led by trained nonmental health specialists
(task-sharing) and with a team-based approach (collaborative care)
have been effective in treating depression in all ages>®, including
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24 participating UBSs
(36,278 individuals)

34,287 individuals
screened for valid WhatsApp number

15,922 mobile or WhatsApp not valid
4,397 declined or clinical or communication
issues were reported by WhatsApp

13,365 excluded
2,720 did not meet the inclusion criteria

13,968 individuals
screened by phone for eligibility

1,717 PHQ-9 <10
711 did not use WhatsApp
261 had a clinical or communication issue
28 were aged < 60 years
3 were PROACTIVE participants
10,083 not found
562 declined to participate

603 participants recruited

298 participants randomized
to the intervention arm

257 completed the 3-month follow-up
41 lost to follow-up
23 declined to participate
18 not found

257 completed the PHQ-9 (primary outcome)

250 completed the 5-month follow-up
48 lost to follow-up
34 declined to participate
1 had a clinical or communication issue
13 not found

250 completed the PHQ-9 (secondary outcome)

Fig.1| Consolidated Standards of Reporting Trials (CONSORT) diagram.

305 participants randomized
to the control arm

270 completed the 3-month follow-up
35 lost to follow-up
19 declined to participate
1death
2 had a clinical or communication issue
13 not found

270 completed the PHQ-9 (primary outcome)

260 completed the 5-month follow-up
45 lost to follow-up
29 declined to participate
2 deaths
3 had a clinical or communication issue
11 not found

260 completed the PHQ-9 (secondary outcome)

old age””’. However, these programs often require a prominent role
for health professionals, which is not feasible in health systems with
few professionals who are already overstretched with other priori-
ties'>". For example, during the coronavirus disease 2019 pandemic,
non-coronavirus disease health services were reduced to a minimum
in Brazil'> because of restrictions on in-person consultations and the
health system’s unpreparedness to provide remote care.

A useful strategy to improve access to treatment for depres-
sion without increasing health professionals’ workloads is the use
of self-help digital mental health interventions®, which are low-cost
alternatives requiring minimal or no health professional support'**.
However, thereislittle evidence on the effectiveness of such interven-
tions for older adults with depressive symptoms, especially in LMICs™®.

Therefore, we developed a self-help mobile messaging interven-
tion for older adults with substantial depressive symptoms". Viva Vida
is a 6-week digital psychosocial intervention delivered by WhatsApp
audio and visual messages, without health professional support. It
was adapted from a task-shared, collaborative care psychosocial pro-
gram led by community health workers in Brazil, PROACTIVE™®, which
improved recovery from depression at the 8-month and 12-month
follow-ups’. Inthis study, we evaluated the effectiveness of Viva Vidain

apragmatic, single-blind, two-arm, individually randomized controlled
trial among older adults registered in primary care in socioeconomi-
cally deprived areas of Guarulhos, Brazil (PRODIGITAL-D)".

Results

Participant disposition

Participants were enrolled between 8 September 2021 and 8 April 2022.
Alist with 36,278 eligible older adults registered with the 24 primary
care clinics, also called Unidades Basicas de Satde (UBSs), was pro-
vided by the Guarulhos Health Secretariat. Among the 13,968 (38.5%)
individuals with a valid WhatsApp number and screened for eligibility
by phone: 2,720 (19.5%) did not meet the eligibility criteria (1,717 did
not have adepressive symptomatology); 562 (4.0%) declined participa-
tion; and 10,083 (72.2%) could not be contacted (they did not answer
either of the two calls on different days made by the research assistants)
(Fig.1). A total of 603 participants were recruited, 298 (49.4%) rand-
omized totheinterventionarmand 305 (50.6%) to the control arm, with
the small discrepancy in numbers attributable to the (blocked) strati-
fied allocation. With variations driven largely by differences in catch-
ment populations, between five and 45 participants were recruited in
each UBS, although most of them recruited 20-30 participants.
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Table 1| Baseline characteristics in the intervention and
controlarms

Characteristics n of total sample size (%)

Intervention Control
(n=298) (n=305)

Female 225/298 (75.5) 226/305 (74.1)
Age group

60-69 years 251/298 (84.2) 251/305 (82.3)

70+ years 47/298 (15.8) 54/305 (17.7)
Education

None 45/297 (15.2) 51/302 (16.9)

1-4 years 83/297 (27.9) 84/302(27.8)

5-8 years 94/297 (31.6) 85/302 (28.1)

>8 years 75/297 (25.3) 82/302(27.2)
Personal income®

Up to Tminimum wage 197/298 (66.1) 191/305 (62.6)

>1-2minimum wage 60/298 (20.1) 56/305 (18.4)

>2minimum wage 41/298 (13.8) 58/305 (19.0)
Hypertension (self-reported) 207/298 (69.5) 222/305 (72.8)
Diabetes (self-reported) 123/298 (41.3) 121/305 (39.7)
Receiving pharmacological treatment 38/298 (12.8) 46/305 (15.1)
for depression (self-reported)
PHQ-9 severity

10-14 120/298 (40.3) 119/305 (39.0)

15-19 99/298 (33.2) 100/305 (32.8)

20+ 79/298 (26.5) 86/305 (28.2)

2In 2021, the minimum wage in Brazil was R$1,100 (approximately US$213).

The descriptive statistics of sociodemographic and other relevant
characteristics demonstrated no major differences between trial arms
at baseline (Table 1); Extended Data Tables 1 and 2 show that baseline
characteristics remained balanced at both follow-up assessments. The
70-79 and 80+ age groups were merged because of the small number
of participants aged 80+ years (n =4, all in the control arm). Most
participants were aged 60-69 years (83.3%) and women represented
74.8%, of whom most had fewer than 8 years of education (73.8%) and
were earning up to a minimum wage (64.3%). The proportion of par-
ticipants with self-reported hypertension and diabetes were 71.1% and
40.5%, respectively.

A total of 527 (87.4%) participants recruited were followed up at
3 months; 41 (13.8%) intervention participants were lost to follow-up,
35(11.5%) of which were controls. At the 5-month follow-up, 510 (84.6%)
of 603 participants were assessed; 48 (16.1%) participantsin theinter-
ventionarm and 45 (14.8%) participantsin the control arm were lost to
follow-up. Because the extent of the missing dataexceeded the thresh-
old of 10% specified in the statistical analysis plan (SAP), the primary
analyses were based onimputed data as presented below alongside (for
the primary outcome) the parallel complete case analyses. Extended
DataTables 3 and 4 demonstrate the similarity of baseline demograph-
ics between participants with complete data and those with missing
data, at the 3-month and 5-month follow-up assessments, respectively.

Primary outcome

Estimates suggest abeneficial effect of the intervention for the primary
outcome of improvement of depressive symptomatology (a 9-item
Patient Health Questionnaire (PHQ-9) score <10) at 3 months. While 109
(42.4%) participantsin the intervention arm reached our threshold of

improvement, only 87 (32.2%) did soamong controls (Table 2); the crude
absolute difference was 10.2 (95% confidence interval (CI) = 2.0-18.4)
percentage points. The adjusted odds ratio (OR) for thisimprovement,
afterimputing missing values, was 1.57 (95% Cl =1.07-2.29; P= 0.019).
Findings from the complete case analyses were virtually identical
(adjusted OR =1.58,95% Cl =1.09-2.29; P= 0.016); adjusting for the time
between randomization and the first follow-up using complete data
only also had no appreciable effect on the results (adjusted OR =1.54,
95% Cl=1.05-2.24; P=0.025).

Secondary outcomes

At 5 months, virtually identical proportions had improved in the two
groups (Table 2);50.8% (n=127) and 50.0% (n =130) for the intervention
and control arms, respectively (adjusted OR =1.01;95% Cl = 0.70-1.46;
P=0.938). Table 2 shows that the secondary outcome of PHQ-9 scores
reducing by at least 50% from baseline values also demonstrated a
benefit of the intervention at 3 months (1.58; 95% Cl =1.08-2.29;
P=0.016), but not at 5 months (1.04; 95% Cl = 0.73-1.48; P= 0.841). The
same general conclusions can be drawn from the (post hoc) analyses
of the effects presented in terms of (crude) absolute risk differences
(Table 2). Complete case analyses again showed extremely similar
results (Extended Data Table 5). There was no evidence to support
an effect of the intervention for any other secondary outcome at
the 3-month and 5-month follow-up assessments using the imputed
data: PHQ-9 scores (-1.14, 95% Cl = -2.33-0.05; P= 0.060 and -0.21,
95% Cl=-1.36-0.94; P=0.716), 7-item General Anxiety Disorder
(GAD-7) questionnaire scores (-0.89, 95% Cl =-1.88-0.11; P=0.082
and -0.14, 95% Cl =-1.20-0.92; P=0.793), 5-level European Qual-
ity of Life five-dimensional questionnaire (EQ-5D-5L) scores (0.025,
95% Cl=-0.015-0.064; P=0.218 and 0.035, 95% Cl=-0.001- 0.071;
P=0.059), ICEpop CAPability measure for older people (ICECAP-O)
scores (0.018, 95% Cl=-0.009-0.045; P=0.185 and 0.002, 95%
Cl=-0.024-0.029; P=0.856), 3-item University of California, Los
Angeles (UCLA) scores (0.19,95% Cl = -0.09-0.48; P= 0.186 and 0.22,
95% Cl=-0.07-0.52; P=0.140) (Table 3). Similar results were found
using the complete cases (Extended Data Table 6).

Safety

Follow-up datashowed that six participants (2.0%) ineach arm reported
suicidalideation. The safety protocol described inMethods was applied.
Eighteenintervention participants (6.0%) and 20 controls (6.6%) were
hospitalized during the trial for reasons not related to mental health.
Two deaths (0.7%) were reported in the control arm. All events were
considered notrelated to either theintervention or study participation.

Exploratory analyses

Bearing in mind the number of such tests performed, there was no
evidence of differential effectsin the prespecified subgroup analyses,
with Pvalues ranging from 0.055 to 0.953 (Extended Data Table 7).

The electronic system indicated that 226 (75.8%) intervention
participants ‘opened’ at least 36 of the 48 messages (our prespecified
minimum therapeutic dose), 237 (79.5%) opened at least 24 messages
and 173 (58.1%) opened all 48 messages.

The main complier average causal effect (CACE) analysis did not
yield strong evidence of an improvement in mean PHQ-9 scores for
participants who opened 36+ of the messages compared with others
(Table 4) at either the 3-month or 5-month follow-ups. Nonetheless,
the Pvalues for the main and sensitivity CACE analyses at 3 months
(P=0.054 for the prespecified threshold) provide marginal evidence
that the adjusted effect of the interventionincreased as the proportion
of opened messagesincreased (Table 4).

Sensitivity analyses
The sensitivity analyses relating to aspects, such as the timing of the
follow-up and altering the thresholds for the CACE analyses, have been
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Table 2| Primary (PHQ-9 <10; improvement) and secondary (PHQ-9 scores reduced by at least 50% between baseline and
the first and second follow-up assessments; reduction) outcomes at the 3-month and 5-month follow-ups

Improvement from and reduction in depressive Intervention Control
t tol t the 3- th and 5- th
symptomatology at the 3-monthan mon n of total n (%) n of total n (%) Risk difference in percentage  OR (95% CI)>° P¢
follow-ups . o
points (95% CI)

Primary outcome: improvement from depressive 109/257 (42.4) 87/270 (32.2) 10.2 (2.0-18.4) 1.57 (1.07-2.29) 0.019
symptomatology at 3 months®
Secondary outcome: improvement from depressive 127/250 (50.8) 130/260 (50.0) 0.8(-7.9-9.5) 1.01(0.70-1.46) 0.938
symptomatology at 5 months®
Secondary outcome: reduction in depressive 95/257 (37.0) 73/270 (27.0) 9.9 (2.0-17.9) 1.58 (1.08-2.29) 0.016
symptomatology at 3 months®
Secondary outcome: reduction in depressive 111/250 (44.4) 112/260 (43.1) 1.3 (-7.3-9.9) 1.04 (0.73-1.48) 0.841

symptomatology at 5 months®

*These (post hoc) analyses are based on crude (that is, unadjusted) data on a complete case basis. °ORs and 95% Cls were calculated using fixed-effects logistic regression models, from
which the P values were derived. “All estimates had missing data imputed according to trial arm using the multiple imputation by chained equations (MICE) models, which included
stratification (sex, age group and baseline severity of PHQ-9 score (categorical)) and predictors of missingness (extended data). “All P values reported are based on two-sided Wald tests
from the relevant logistic regression model, with no adjustments for multiple tests. °The primary and secondary outcomes of improvement from depressive symptomatology were defined
as PHQ-9 scores less than 10; the secondary outcome of reduction in depressive symptomatology was defined as PHQ-9 scores reducing by at least 50% between baseline and the first and

second follow-up assessments (yes/no).

covered in the relevant sections above. Results from the sensitivity
analysis testing the missing at random (MAR) assumption for the
primary and secondary outcomes of improvement from depressive
symptomatology at 3 and 5 months suggest that estimates moved
toward the null hypothesis. In other words, participants who improved
from depressive symptomatology were more likely to be missing at the
follow-up, compared with participants who did notimprove (Extended
Data Table 8).

Discussion
This RCT assessed a self-help digital psychosocial intervention deliv-
ered by WhatsApp toolder adultsinsocioeconomically deprived areas
inBrazil. Compared withasingle educational message, at the primary
(3-month) follow-up, the 6-week Viva Vida program showed increased
odds of improvement from depressive symptomatology and greater
likelihood of areductionin PHQ-9 of at least 50%. No such differences
were observed at 5months. Levels of anxiety symptomatology, loneli-
ness, quality of life and capability well-being were similar in the two arms
at both follow-ups. Equally important, this study demonstrated the
feasibility and acceptability of asimple and affordable intervention that
canprovide help to alarge proportion of older adults with depressive
symptoms in Brazil. This would be a major achievement in a country
withalarge treatment gap and lack of specialists to cover such aneed.
Digital strategies to deliver behavioral activation interventions
have achieved small-to-medium effects on depression, anxiety and
quality of life in adults™. Similar to our findings, two trials (CONEMO)
conducted in adults with depression and comorbid hypertension or
diabetes in Brazil and Peru showed that a 6-week digital intervention
minimally supported by nurses or nurse assistants improved depres-
sive symptomatology by at least 50% at 3, but not 6 months, compared
withenhanced usual care’. The studies suggest that both the CONEMO
and Viva Vida digital interventions, based on behavioral activation,
accelerate the improvement from depression in the short-term in
middle-to-older adults but the clinical differences with control groups
decrease mainly because these comparison groups show improved
outcomesthroughtime. Further studies could evaluate if booster mes-
sagesintheactive group (Viva Vida) would help maintain the speed of
improvement and increase clinical benefits even further over time, so
that the earlier differences with the control remain over alonger time.
Human support, such nurse assistants in CONEMO, has been
reported asanimportant component of effective digital mental health
interventions'®. However, the Viva Vida program precluded such clinical
supportbecause aself-help mental health intervention could provide
amore affordable first step for treating depression in primary care.

Accordingto the updated taxonomy of digital mental healthinterven-
tions by Pineda et al.”, the Viva Vida program is classified as a type 3
intervention becauseit offered technical support during the trial along
with other trial procedures to guarantee the delivery and fidelity of
the intervention, and the reliability of the data collected. Neverthe-
less, it can be turned into a type 4 fully automated intervention in the
real world, where such controlled procedures are not necessary. The
messages can beinitially accessed fromanywhere withaninternet con-
nection; once the content is downloaded to WhatsApp or to a device,
the messages can be accessed at any time even without an internet
connection. With such afully automated systemin place, amore afford-
able program canbe delivered to alarge number of people with a small
incremental cost for each message sent.

The estimated intervention effect (10.2 percentage points in
absolute terms) was lower than that specified as the original target
difference (15 percentage points). As the target difference was based
on collaborative careinterventions with the active support of primary
care professionals, we contend that our findings areimportant because
adigital intervention would reach many of those who at the moment
arereceivingno help. Inlow-resource settings, where access to mental
health careis very limited, fully automated programs might be used to
cover treatment gaps when there are limited or no other alternatives.
We do not expect it to be suitable for everyone and some individuals
might need to be referred toa moreintense program with professional
support. Moreover, while from the various confidence intervals we
cannot rule out smaller, arguably unimportant effects (relative or
absolute), itis likewise the case that absolute effects atleast as large as
our target difference are contained in the relevant interval estimates
at 3 months. The effect size of our secondary depression outcomes
at 3 months are nonetheless similar to those for digital interventions
supported by nurse assistants?® or lay counselors®.

WhatsApp is widely used by the target population in Brazil. The
use of a well-known and accepted messaging application enables the
receipt of messages without requiring the download of anew applica-
tionor the acquisition of additional digital skills, and is consistent with
the findings of a systematic review of similar technologies'. Older
adults with relatively low digital literacy level or without access to
a high-speed internet connection were able to use this tool, which
showed high adherence and acceptability. Women represented 75%
of our sample as areflection of the epidemiological profile of depres-
sive symptoms among the older population*?. Future studies could
explore the effects of personalized programs according to different
participants’ preferences or characteristics, such as sex and presence
of other comorbidities.
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Table 3 | Secondary outcomes, including depressive symptomatology (PHQ-9), anxiety symptomatology (GAD-7),
health-related quality of life (EQ-5D-5L), capability well-being in older adults (ICECAP-0) and perceived loneliness (3-item
UCLA) at the 3-month and 5-month follow-ups

Outcome Baseline 3-month follow-up 5-month follow-up
Intervention Control Intervention Control Coefficient P° Intervention  Control Coefficient P°
(95% Cl)** (95% CI)*2

PHQ-9,n 298 305 257 270 250 260

Mean (s.d.) 16.39 (4.66) 16.68 (4.83) 1.72(772) 12.92 (713) -114 (-2.33-0.05) 0.060 10.01(7.07) 10.41(7.01) -0.21(-1.36-0.94) 0.716
GAD-7,n 285 283 256 268 250 260

Mean (s.d.) 14.46 (4.62) 14.36(4.75) 10.30(6.62) 11.07(6.43) -0.89 (-1.88-0.11) 0.082 9.40(6.79) 9.49 (6.66) -0.14 (-1.20-0.92) 0.793
EQ-5D-5L, n 296 305 256 266 247 259

Mean (s.d.) 0.789(0182) 0.794(0.170) 0.812(0189) 0.801(0171) 0.025(-0.015-0.064) 0.218 0.840(0.164) 0.825(0171) 0.035(-0.001-0.071)  0.059
ICECAP-O, n 295 300 254 266 246 259

Mean (s.d.) 0.614(0172) 0.621(0190) 0.655(0174) 0.642(0.194) 0.018(-0.009-0.045) 0.185 0.665(0.165) 0.667(0172) 0.002(-0.024-0.029) 0.856
3-itemUCLA,n 298 305 255 267 250 259

Mean (s.d.) 6.04(1.91) 6.16 (1.92) 5.68 (1.97) 5.54(1.94) 0.19 (-0.09-0.48) 0186  5.43(1.97) 5.25(1.97) 0.22 (-0.07-0.52) 0140

PHQ-9 scores range from O to 27, with higher scores representing more severe depressive symptomatology. GAD-7 scores range from O to 21, with higher scores representing more severe
anxiety symptomatology. EQ-5D-5L scores range from -0.264 to 1, with higher scores representing higher quality of life. ICECAP-O scores range from O to 1, with higher scores representing
greater levels of capability well-being. The 3-item UCLA scores range from 3 to 9, with higher scores representing more severe levels of loneliness. *Differences in means were estimated using
linear regression models, adjusted for the baseline assessment of the corresponding outcome and the stratified variable (sex, age group and baseline severity of the PHQ-9 score (categorical))
PAll estimates had missing data imputed separately, according to trial arm, using MICE models that included predictors of missingness (extended data), stratification (sex, age group and
baseline severity of PHQ-9 score (categorical)) and any imbalances in outcome measure at baseline. °All P values reported are based on two-sided t-tests from the relevant linear regression

model, with no adjustments for multiple tests.

Table 4 | CACE analyses on the mean PHQ-9 scores at
the 3-month and 5-month follow-ups using electronic

recordings
Threshold 3-month follow-up 5-month follow-up
Adjusted P° Adjusted P°
difference in difference in
mean PHQ-9 mean PHQ-9
(95% CI)** (95% CI)**
Opened at least -1.52 0.053 -0.49 0.513
24 messages (-3.06-0.02) (-1.98-0.99)
(n=237,79.5%)
Opened at least -1.59 0.054 -0.52 0.513
36 messages, that (-3.21-0.02) (-2.08-1.04)
is, the minimum
therapeutic dose
(n=226, 75.8%)
Opened all -2.09 0.053 -0.68 0.513
48 messages (-4.20-0.03) (-2.71-1.35)

(n=173, 58.1%)

PHQ-9 scores range from O to 27, with higher scores representing more severe depressive
symptomatology. *All models are adjusted for stratification (sex, age group and baseline
severity of PHQ-9 score (categorical)). °All estimates had missing data imputed separately,
according to trial arm, using MICE models that included predictors of missingness (extended
data), stratification (sex, age group and baseline severity of PHQ-9 score (categorical)).

°All P values reported are based on two-sided t-tests from the relevant CACE regression
model, with no adjustments for multiple tests.

In addition to the issue of the lower magnitude of the observed
difference in absolute terms (and some of the values in the relevant CI)
compared withthetarget difference as discussed above, this study has
someimportant limitations. As assessments were done by phone, sim-
ple questions and shortinterviews were the best option available. Thus,
the use of the PHQ-9 for the assessment of depressive symptomatology
was a pragmatic choice and the threshold of ten as indicative of clinical
depression was based on the literature?**. Relevant conditionsamong
older adults, such as diabetes and hypertension, were self-reported.
We were unable to assess cognition with a standardized assessment
over the phone. However, research assistants were trained to iden-
tify when the older adult had substantial difficulties understanding

and answering the questions. In these situations, the assessment was
interrupted. When possible, the research assistant asked permission
tospeak tosomeonein the household about the difficulties presented
by the person during the interview. In addition, the research assistant
discussed these cases with the study coordinator, who decided whether
the person would be included in the study. During the interview, we
asked if the person had any vision or hearing problems, and if they
had any difficulty in understanding audio or visual messages on a
mobile phone. Individuals with alower digital literacy or without access
to WhatsApp were not included in this study because of the design
of the digital intervention. Major adaptations are needed to deliver
amore appropriate intervention to reach such individuals. Finally,
cost-effectiveness and process evaluation remain to be assessed using
the economic and qualitative data collected within PRODIGITAL-D.
Indeed, the qualitative data may also shed further light on the issue
of any effects of opening more rather than fewer of the messages as
investigated within the above, essentially exploratory, CACE analyses.

Albeit at about half the level that we accounted for in our sample
size calculation for the primary outcome at 3 months (about 12.5%
overall compared with the 25% allowed for), afurther limitationis that
thereis arisk of bias through attrition. As well as being low compared
with expectations, some reassurance on thisissue can be gleaned from
the similar amounts of missing dataacross the two arms and the consist-
ency of results between the analyses using imputed data (albeit under
an MAR assumption) and the complete case analyses.

As this was a research project, we used standardized procedures
for assessments, including quality control measures. Trained research
assistants performed the recruitment and outcome assessments
remotely on participants of both study arms. It is always possible that
simply asking questions may have atherapeutic effect.Inany case, the
same procedures were used with participants in both arms. Another
procedure commonto participants of both arms was the contact from
the technical support team if they experienced difficulties accessing
messages. Such contacts were not frequent (20 intheinterventionarm
and 12 in the control arm) and were strictly for solving any technical
problems with receiving messages. Participants in the intervention
arm could also contact the technical support team during the 6-week
intervention, but no contacts were made. In any case, it was not pos-
sible to disentangle the effect of the intervention from the possible
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therapeutic effects that remote assessments or the technical support
contact may have had on participants.

This RCT provides evidence of the feasibility and a small and
short-term effectiveness of a simple, brief and well-accepted self-help
digitalintervention for depressive symptomatology in older adults that
doesnotrequiretheactive support of health professionals. Suchinterven-
tions, which canbe accessed from anywhere with (and without) aninter-
net connection, can contribute to mental health care in low-resourced
settings where there s little access to treatment for depression.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
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Methods

Study design and participants

PRODIGITAL-D was a pragmatic, single-blind, two-armindividually RCT
with 1:1 allocation, conducted in 24 primary care clinics, also called
UBSs, in underprivileged areas of the city of Guarulhos, Brazil. This
city is part of the metropolitan region of Sao Paulo with a population
ofaround 1.3 million.

We recruited individuals aged 60+ years, registered with any of
the participating 24 UBSs, able to receive WhatsApp messages, and
who screened positive for depressive symptomatology (PHQ-9 >10)*
withatleast one core symptom of depression (low mood or anhedonia,
that is, PHQ-2 >1)*. The PHQ-9 threshold had a sensitivity of 91% and
specificity of 88% against diagnostic interviews for adults aged 60+
years®*. Exclusion criteriaincluded substantial visual or hearing impair-
ments that would hinder comprehension of messages on a mobile
phone, acute suicidal risk identified during the screening assessment,
anotherindividual residing in the same household already participat-
ing in PRODIGITAL-D or previous participationinthe PROACTIVE trial.
Informed verbal consent was obtained before the screening assessment
and when participants were invited to the trial, both conducted by
phone. Consent was audio-recorded after authorization fromthe older
adult. Details of the protocol are published elsewhere".

This study was approved by the ethics committee of the Hospital
das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo
(Comissao para Analise de Projetos de Pesquisa, ref: 4.097.596, first
approved 10 March 2021) and authorized by the Guarulhos Health
Secretary. It was registered with the Brazilian Registry of Clinical Trials
(ReBEC), RBR-4c94dtn, on22 October 2021. Trial registration materials
were submitted to ReBEC on 3 August 2021.

Procedures

Alist with allthe names and phone numbers of older adults registered
with the 24 participating UBSs was provided by the Guarulhos Health
Secretariat. After excluding duplicates and individuals without phone
numbers, individuals were assigned a random ID for our study, as
the original list was in alphabetical order. Research assistants then
sent a WhatsApp message to older adults according to the new list
sorted by ascending random ID numbers to search for individuals
with avalid mobile number and who used WhatsApp. Individuals with
avalid WhatsApp number (that is, who received the prescreening
WhatsApp message) were approached by telephone to be screened
further for depressive symptomatology (using the PHQ-2)*. Up to two
call attempts were made on different days. Individuals with a PHQ-2
score of one or greater were then asked the other seven items of the
PHQ-9 questionnaire”. Those with PHQ-9 scores of ten or greater
completed a baseline assessment to ascertain the exclusion criteria;
eligibleindividuals were invited to participatein thetrial. The screening
and baseline assessments together lasted approximately 35 min. The
invitation for the trial, which includes reading the full participant infor-
mation sheet, occurred inthe same call, whenever theindividual agreed
to continue it for around 15 min longer. When this was not possible,
anadditional callno more than 28 days after the PHQ-9 screening was
made to complete the recruitment. Follow-up data were collected by
phoneat3 (weeks12-16) and 5 months (weeks 20-24) after sending the
first message (intervention) or the single message (control). A 4-week
window was used to maximize response to follow-up considering the
logistical realities of conducting phone interviews.

Quality control of arandom sample of recorded assessments was
conducted by anindependent research assistant (not involved in any
data collection) to ensure all procedures had been followed and the
quality of data collected.

Randomization and masking
Participants were stratified according to age group (60-69 years,
70-79 years, 80+ years), sex (male, female) and severity of depressive

symptoms (baseline PHQ-9 categories:10-14,15-19,20+). The alloca-
tion sequence was generated using randomly permuted blocks with
random block sizes of six, eight or ten by research team members not
involved in data collection (C.A.N. and T.J.P.). The ‘randomization
module’ of the Research Electronic Data Capture (REDCap)?** was
used to conceal the allocation sequence and randomize individuals.
Researchassistantsinvolvedinrecruitment and follow-up datacol-
lection were blinded to trial allocation. Two different groups of research
assistants were responsible for either the first or the second follow-up
assessment. Researchers responsible for scheduling the automated
delivery of messages were not blinded to trial allocation but had no
role in collecting the inclusion or outcome data. Due to the nature of
theinterventions, it was not possible to mask trial participants.

Interventions

Participantsinboth arms continued receiving their UBS’s usual primary
care. Theresearch team did not interfere with that care (consultation
ortreatments, including medication) and the UBS health professionals
had norolein Viva Vida.

During the first 2 weeks (for the intervention arm) and after the
single message (for the control arm), atechnical support personiden-
tified and contacted individuals who were having issues with receiv-
ing or opening the message. This was to help participants with any
potential technical issues that were preventing them from accessing
the messages.

VivaVidaprogram
Participantsallocated to theinterventionreceived a psychosocial inter-
ventiondelivered viaWhatsApp. A total of 48 audio or visual messages
were automatically sent 4 days aweek for 6 weeks (onein the morning,
oneintheafternoon). The audio messages were based on psychoeduca-
tion* or behavioral activation® principles and lasted on average 3 min
using storytelling techniques. In the audio messages, there were two
characters (Ms Ana and Mr Leo) reading and commenting on letters
sent by fictional older adults participating in the program. Through
these letters they shared stories about their lives and symptoms of
depression and how the Viva Vida intervention helped them to feel
better. Eight visual messages including summary diagrams were used
toreinforce the content of the audio messages. Additionally, at the end
of each week, participants received an extra message with a question
about their opinion of the program that could be responded to using
the WhatsApp quick reply tool. Participants also received one message
atthebeginning of Viva Vidawith asupport contact numberin case they
experienced technicalissuesreceiving the messages. As the messages
were delivered automatically, this strategy allowed participants to
contactusin case they were notreceiving theinterventionasintended.
During the program, participants were also advised to visit the UBS if
they needed professional support for any healthissues. Extended Data
Fig.1shows the structure of the Viva Vida program and the content of
the audio and visual messages that participants received each week.
The Viva Vida messages were based on the PROACTIVE interven-
tion delivered to older adults'>'®*°. The use of WhatsApp as a tool to
deliver aninterventionwas initially discussed ina group with six older
adults and one community health worker in one UBS. After develop-
ing the messages, selected older adults received a sample and were
interviewed to evaluate qualitatively the acceptability of the messages.
The automated system and the recruitment by phone were subse-
quently evaluated in afeasibility study with arandom sample of older
adults with depressive symptomatology recruited from two UBSs in
Guarulhos that did not participate in the study.

Single message controlarm

Control arm participants were sent a single and brief (6-min) audio
message providing information about depression and simple ways to
deal with depressive symptoms. It also offered additional tips encour-
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aging participants to live a healthier life, such as improving sleep and
maintaining a balanced diet, advising them to seek health care if they
felt they needed additional support.

Outcomes

Improvement from depressive symptomatology at 3 months was the
primary outcome. We considered improvement when the PHQ-9 scores
were below 10 (ref. 23). Secondary outcomes included improvement
from depressive symptomatology at 5monthsand reductionin PHQ-9
scores by at least 50% between baseline and follow-up visits at 3 and
5 months. We also evaluated as exploratory outcomes the effects on
the continuous scores of depressive symptomatology (PHQ-9), anxiety
symptomatology with the GAD-7 (ref. 31), loneliness with the 3-item
UCLA loneliness scale®, health-related quality of life EQ-5D-5L** and
capability well-being with the ICECAP-O**,

Safety

As mentioned before, participants continued receiving usual primary
careand were advised to contact the primary care team whenever they
felt they needed additional support from health professionals. The risk
associated with receiving the interventions was considered minimal.
Severe adverse events, including acute suicidal risk, hospitalizations
and death were collected during the follow-up assessments using a
standardized form. Participants who reported suicidal ideation were
assessed for suicidal risk with the standardized protocol usedinaprevi-
ousstudy’. UBS managers were contacted to inform about participants
withsuicidalideation. We also investigated any hospitalization or death
with participants or family members to understand if it was related to
study participation.

Data collection and management

Allthe measures mentioned above were applied at baseline, and at the
3-monthand 5-month follow-up assessments. Sociodemographicand
clinical characteristics were also collected at baseline. Economic data
were collected at each follow-up assessment. Severe adverse events
were assessed for all participants at 3 and 5 months.

Datawere collected and managed using REDCap”** hosted at the
Hospital das Clinicas da Faculdade de Medicinada Universidade de Sao
Paulo. REDCap is a secure, web-based software platform designed to
support data capture for research studies. A system was developed
to collect and store data from the WhatsApp messages. A dedicated
server componentscheduled the messages for groups of participants
(grouped according to trial arm and the start date of the messages
based on the date of randomization) and pushed these to the partici-
pantsusing the WhatsApp Business interface. The latter provides time
stampsindicating when participants receive and open their messages,
aswellas the answers chosen using the quick reply tool and the content
of spontaneous messages sent by participants.

Samplesize

With an assumed attrition of 25%, 440-500 randomized individuals
would yield 80-85% power to detect a15 percentage point difference
indepressionimprovement (PHQ-9 <10) rates between the control and
intervention arms at 3 months (25% versus 40%) using a two-sided 5%
alpha. Such a difference in improvement rate is considered clinically
meaningful®*° but there were no local studies that had investigated a
clinically meaningful threshold.

Statistical analysis

Descriptive statistics were obtained using complete cases. All compara-
tive analyses were performed using intention-to-treat principles with
imputed data inregression models, aligned to the SAP contingent on
the amount of missing data®. Logistic regression was used for binary
outcomes; linear regression was used for continuous outcomes. All
regression analyses were adjusted for stratification, and all analyses

with an outcome other than PHQ-9 were also adjusted for the baseline
score of the corresponding outcome.

Prespecified subgroup analyses at both follow-up assessments
wereinvestigated using likelihood ratio tests for interactions between
randomized arm and the following: sex; age; educational level; comor-
bid physical illness (hypertension, diabetes or both); and baseline
PHQ-9 severity categories. We also ran amodel for the primary outcome
adjusting for elapsed time between consenting to participate in the
trial and the first or primary follow-up.

Initially, patterns of missingness were investigated by comparing
missing with complete data for the baseline demographic charac-
teristics, according to trial arm, at both follow-up visits. To reduce
bias and loss of information, we used MICE with 50 imputations, as
implemented in the multiple imputation command in Stata under
the assumption that data were MAR*, Variables included in the MICE
models consist of the ‘improved from depression’ outcome, covariates
described in the SAP (age group, severity of PHQ-9, sex, treatment
arm) and variables found to be predictors of missingness®”**, Predic-
tors of missingness included the following: hypertension at baseline,
income and levels of enjoyable activities participants engagedin. Also
included were baseline scores for corresponding outcome models,
including depressive symptomatology (PHQ-9), anxiety symptoma-
tology (GAD-7), health-related quality of life (EQ-5D-5L), capability
well-being (ICECAP-O) and loneliness (3-item UCLA).

To assess the sensitivity of our findings against modest departures
from the MAR assumption, a weighted sensitivity analysis using the
selection model approach was applied® .. Briefly, once datahad been
imputed under MAR, parameter estimates from eachimputed dataset
were reweighted to allow for the data to be missing not at random.
To test the stability of our model, we considered different degrees of
departure from the MAR assumption by considering plausible values
of 6 ranging from 0.10 to 0.40. This range corresponds to ORs for the
data being observed when a participant improved from depression
compared to when they did not, ranging from 1.11 to 1.50 (that is, the
exponential of 0.10 and 0.40 respectively).

CACE analysis*? using an instrumental variable estimator and
imputed data was applied to estimate the effect of the number of
messages electronically recorded as being opened on depression
outcomes. The protocol” and the SAP* prespecified the ‘minimum
therapeutic dose’ as listening to ‘most of the messages’ and ‘more than
half of the messages’ received, respectively because it was initially
based on self-reported categories (‘none’, ‘a few’, “at least half’, ‘most
of the messages’ and ‘all of the messages’) of a question from the first
follow-up assessment. Because in the event we were able to access
the electronic data, we operationalized the prespecified minimum
therapeutic dose as opening 36 or more messages (75% of the total of
48 messages) versus opening 35 or fewer messages. The CACE analyses
were conducted using the PHQ-9 score at 3 and 5months, adjusting for
stratification. We also conducted sensitivity analyses using thresholds
of opening at least half of the total messages (24+) versus 23 messages
or fewer, and opening all 48 messages versus not doing so.

Regression diagnostics were run for all regression models. The
Box-Tidwell test was run after the logistic regression models to test
whether the logit transform was a linear function of the predictors
for the different models. Normality assumptions for linear regres-
sion models were evaluated through residual plots. Statistical tests
were two-sided and all analyses were conducted using Stata v.17
(StataCorp LLC).

Ethics and inclusion statement

Most of the authors (10 of 15) are from Brazil, where the RCT took
place, and were funded to work on the development and delivery of
the intervention, data collection or study management. The authors
based in high-income countries are researchers who contributed to
the conception of the study and supported the application to obtain
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funding shared between Brazil and the UK. This study is relevant for
Brazil and other LMICs. One member of the trial steering committee is
fromthe Guarulhos Health Secretary’s office, while two other members
areresearchers based in other cities of Brazil. Meetings with primary
care and UBS managers in Guarulhos were held before, during and
after the trial. This study was approved by the ethics committee of the
Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao
Paulo (Comissdo para Analise de Projetos de Pesquisa, ref. 4.097.596)
and authorized by the Guarulhos Health Secretary.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

De-identified individual participant data and the data dictionary will
be made available 24 months after publication. Proposals with specific
aims and an analysis plan should be directed to the corresponding
author (M.S.).

Code availability
The code for the data analysis will also be made available 24 months
after publication.
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Week Main topics Period Monday Wednesday Friday Saturday
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, IT};’::S:%;;&(gfed‘gg;usssiz?]d M Message 9 (audio) Message 11 (audio)* | Message 13 (audio) Message 15 (audio)
Intioductionitobehavioral. |15 T o T 0 v 7 | F el e iy s | 7 3 W) | R il  Ja
L uc;gt?v;ioﬁ okl A Message 10 (visual) Message 12 (visual)® | Message 14 (audio) | Quick reply message 2
M Message 16 (audio) Message 18 (audio) | Message 20 (audio) Message 22 (audio)
3 Behavioral activation [T T T T[T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e 92 (o iR
: . " Message 23 (visual)
A Message 17 (audio) Message 19 (audio) | Message 21 (audio) Quick reply message 3
M Message 24 (audio) Message 26 (audio) | Message 28 (audio) Message 30 (audio)
4 Planning activites [ 77" T[T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e 24 (o P
. i . Message 31 (visual)
A Message 25 (audio) Message 27 (audio) | Message 29 (audio) Quick reply message 4
. . M Message 32 (audio) Message 34 (audio) | Message 37 (audio) Message 39 (audio)
5 Review of psychoeducation and |- ---w--cfcmcmmmmonmonnnnncandononecoocmmoonnadoaacaocooncnncacdacescoancanonneanad
behavioral activation . Message 35 (audio) . Message 40 (visual)
A Messageisd {audio) Message 36 (visual) Wessage St (audi) Quick reply message 5
M Message 41 (audio) Message 43 (audio) | Message 45 (audio) Message 47 (audio)
6 Psychoeducation onrelapse |~ ----"7--""""-----ooomooooooooomom oo oo oo oo oo oo oo mmmom oo oo
prevention . . . Message 48 (visual)
A Message 42 (audio) Message 44 (audio) | Message 46 (audio) Quick reply message 6

Extended Data Fig. 1| Structure of the Viva Vida program. Abbreviations:

A: afternoon; M: morning. * Example messages with corresponding links are
provided for reference - Message 1 (audio), Message 11 (audio) and Message 12
(visual). Week 1: Introduction to the Viva Viva Vida program. Psychoeducation
about depression. Extra message with contact of technical support. Week 2:
Introduction to the vicious and virtuous cycle of depression, using the metaphor
ofthe ‘Wheel ofimprovement and worsening’. Introduction to behavioral
activation using examples of simple things that can help to feel better about the

common symptoms of depression. Week 3: Continues behavioral activation
using examples of simple things that can help you feel better about the common
symptoms of depression. Week 4: Planning activities, the importance of
choosing pleasant and meaningful activities, and how to organise the activities
during the week. Week 5: Review of psychoeducation and behavioural activation
contents. Week 6: Psychoeducation on relapse prevention, keeping in the
virtuous cycle of depression after the end of the program and the importance of
early identification of recurrence of depressive symptoms.
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Extended Data Table 1| Comparison of baseline demographics between trial arms for participants followed up at 3 months

MW, minimum wage (in 2021, the minimum wage in Brazil was R$1,100 (approximately US$213)); PHQ-9, 9-item Patient Health Questionnaire.

Number/total sample size (%)
Intervention (n=257) | Control (n=270)

Female, No. (%) 193/257 (75.1) 198/270 (73.3)
Age group, No. (%)

60-69 years 214/257 (83.3) 2251270 (83.3)

70+ years 43/257 (16.7) 45/270 (16.7)
Education, No. (%)

None 39/256 (15.2) 44/267 (16.5)

1-4 years 70/256 (27.3) 771267 (28.8)

5-8 years 83/256 (32.4) 721267 (27.0)

>8 years 64/256 (25.0) 741267 (27.7)
Personal income, No. (%)

Up to 1 MW 172/257 (66.9) 171/270 (63.3)

>1-2 MW 50/257 (19.5) 47/270 (17.4)

>2 MW 35/257 (13.6) 521270 (19.3)
Hypertension (self-reported), No (%) 178 (69.3) 202/270 (74.8)
Diabetes (self-reported), No (%) 106/257 (41.3) 108/270 (40.0)
Receiving pharmacological treatment for
depressignp(self-report%d), No (%) 331257 (12.9) 411270 (15.2)
PHQ-9 severity group, No. (%)

10-14 100/257 (38.9) 105/270 (38.9)

15-19 91/257 (35.4) 88/270 (32.6)

20+ 66/257 (25.7) 771270 (28.5)
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Extended Data Table 2 | Comparison of baseline demographics between trial arms for participants followed up at 5 months

MW, minimum wage (in 2021, the minimum wage in Brazil was R$1,100 (approximately US$213)); PHQ-9, 9-item Patient Health Questionnaire.

Number/total sam

ple size (%)

Baseline variables

Intervention (n=250)

Control (n=260)

Female, No. (%)

186/250 (74.4)

188/260 (72.3)

Age group, No. (%)

60-69 years 210/250 (84.0) 216/260 (83.1)

70+ years 40/250 (16.0) 44/260 (16.9)
Education, No. (%)

None 38/249 (15.3) 41/257 (16.0)

1-4 years 63/249 (25.3) 751257 (29.2)

5-8 years 81/249 (32.5) 70/257 (27.2)

>8 years 67/249 (26.9) 71/257 (27.6)
Personal income, No. (%)

Up to 1 MW 163/250 (65.2) 162/260 (62.3)

>1-2 MW 50/250 (20.0) 46/260 (17.7)

>2 MW 37/250 (14.8) 52/260 (20.0)

Hypertension (self-reported), No (%)

168/250 (67.2)

193/260 (74.2)

Diabetes (self-reported), No (%)

106/250 (42.4)

102/260 (39.2)

Receiving pharmacological treatment for
depression (self-reported), No (%)

33/250 (13.2)

39/260 (15.0)

PHQ-9 severity group, No. (%)

10-14 102/250 (40.8) 104/260 (40.0)
15-19 87/250 (34.8) 87/260 (33.5)
20+ 61/250 (24.4) 69/260 (26.5)
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Extended Data Table 3 | Comparison between participants with complete data and participants with missing data at the

3-month follow-up assessment

Number/total sample size (%)

Intervention

Control

Complete data | Missing PHQ-9
257/298 (86.2) | 41/298 (13.8)

Complete data
270/305 (88.5)

Missing PHQ-9
35/305 (11.5)

Female, No. (%)

1931257 (151) | 32 (78.1)

198/270 (73.3)

28135 (80.0)

Age group, No. (%)

60-69 years 214/257 (83.3) | 37/41(90.2) 225/270/270 (83.3) | 26/35 (74.3)
70+ years 431257 (16.7) | 4/41(9.8) 45 (16.7) 9/35 (25.7)
Formal education, No. (%) 2241257 (87.2) | 36/41 (87.8) 2311270 (85.9) 29735 (82.9)

Education (level), No. (%)
None 39/256 (15.2) | 6/41 (14.6) 44/267 (16.5) 7135 (20.0)
1-4 years 701256 (27.3) | 13/41 (31.7) 771267 (28.8) 7135 (20.0)
5-8 years 831256 (32.4) | 11/41(26.8) 721267 (27.0) 13/35 (37.1)
>§ years 64/256 (25.0) | 11/41 (26.8) 741267 (21.7) 8/35 (22.9)
Job, No. (%) 68/257 (26.5) | 17/41 (415) 741270 (27.4) 10/35 (28.6)
Personal income, No. (%)
Up to 1 MW 172/257 (66.9) | 25/41 (61.0) 1711270 (63.3) 20/35 (57.1)
>1-2 MW 50/257 (19.5) | 10/41 (24.4) 47/270 (17.4) 9/35 (25.7)
>2 MW 35/257 (13.6) | 6/41(14.6) 521270 (19.3) 6/35 (17.1)
Household income, No. (%)
Upto 1 MW 92249 (37.0) | 17/41 (41.5) 94/260 (36.2) 11/34 (32.4)
>1-2 MW 751249 (30.1) | 10/41 (24.4) 781260 (30.0) 10/34 (29.4)
>2 MW 82/249 (32.9) | 14/41 (34.2) 88/260 (33.9) 13/34 (38.2)
Hypertension (self-reported), | 475,57 (593) | 29/41 (70.7) 202/270 (74.8) 20/35 (57.1)

No. (%)

Diabetes (self-reported), No.
(%)

106/257 (41.3) | 17/41 (41.5)

108/270 (40.0)

13/35 (37.1)

PHQ-9 severity group, No. (%)

10-14 100/257 (38.9) | 20/41 (48.8) 105/270 (38.9) 14/35 (40.0)
15-19 91/257 (35.4) 8/41 (19.5) 88/270 (32.6) 12/35 (34.3)
20+ 66/257 (25.7) 13/41 (31.7) 77/270 (28.5) 9/35 (25.7)

Engagement in enjoyable,

meaningful activities over the

past two weeks, No. (%)
Not at all 44/257 (17.1) 11/40 (27.5) 56/270 (20.7) 10/35 (28.6)
Several days 40/257 (15.6) 8/40 (20.0) 49/270 (18.2) 2135 (5.7)
Over half the days 571257 (22.2) 4/40 (10.0) 50/270 (18.5) 2135 (5.7)
Nearly every day 116/257 (45.1) 17/40 (42.5) 115/270 (42.6) 21/35 (60.0)

MW, minimum wage (in 2021, the minimum wage in Brazil was R$1,100 (approximately US$213)); PHQ-9, 9-item Patient Health Questionnaire.
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Extended Data Table 4 | Comparison between participants with complete data and participants with missing data at the
5-month follow-up assessment

Number/total sample size (%)
Intervention Control
Complete data | Missing PHQ-9 | Complete data Missing PHQ-9
250/298 (83.9) | 48/298 (16.1) 260/305 (85.2) 45/305 (14.8)

Female, No. (%) 186/250 (74.4) | 39/48 (81.3) 188/260 (72.3) 38/45 (84.4)
Age group, No. (%)

60-69 years 210/250 (84.0) | 41/48 (85.4) 216/260 (83.1) 35/45 (77.8)

70+ years 40/250 (16.0) 7/48 (14.6) 44/260 (16.9) 10/45 (22.2)
Formal education, No. (%) 218/250 (87.2) | 42/48 (87.5) 223/260 (86.1) 37/45 (82.2)
Education (level), No. (%)

None 38/249 (15.3) 7/48 (14.6) 41/257 (16.0) 10/45 (22.2)

1-4 years 63/249 (25.3) 20/48 (41.7) 75/257 (29.2) 9/45 (20.0)

5-8 years 81/249 (32.5) 13/48 (27.1) 70/257 (27.2) 15/45 (33.3)

>8 years 67/249 (26.9) 8/48 (16.7) 71/257 (27.6) 11/45 (24.4)
Job, No. (%) 66/250 (26.4) 19/48 (39.6) 69/260 (26.5) 15/45 (33.3)
Personal income, No. (%)

Up to 1 MW 163/250 (65.2) | 34/48 (70.8) 162/260 (62.3) 29/45 (64.4)

>1-2 MW 50/250 (20.0) 10/48 (20.8) 46/260 (17.7) 10/45 (22.2)

>2 MW 37/250 (14.8) 4/48 (8.3) 52/260 (20.0) 6/45 (13.3)
Household income, No. (%)

Up to 1 MW 89/242 (36.8) 20/48 (41.7) 90/250 (36.0) 15/44 (34.1)

>1-2 MW 70/242 (28.9) 15/48 (31.3) 77/250 (30.8) 11/44 (25.0)

>2 MW 83/242 (34.3) 13/48 (27.1) 83/250 (33.2) 18/44 (40.9)
ﬁﬁf’ﬁ,}:{’"sw“ (self-reported), | 1601550 (67.2) | 39/48 (81.3) 1931260 (74.2) 29/45 (64.4)
(D.,':;be‘es (self-reported), No. | 446550 (42.4) | 17/48 (35.4) 1021260 (39.2) 19/45 (42.2)
PHQ-9 severity group, No. (%)

10-14 102/250 (40.8) | 18/48 (37.5) 104/260 (40.0) 15/45 (33.3)

15-19 87/250 (34.8) 12/48 (25.0) 87/260 (33.5) 13/45 (28.9)

20+ 61/250 (24.4) 18/48 (37.5) 69/260 (26.5) 17/45 (37.8)
Engagement in enjoyable,
meaningful activities over the
past two weeks, No. (%)

Not at all 42/249 (16.9) 13/48 (27.1) 56/260 (21.5) 10/45 (22.2)

Several days 41/249 (16.5) 7/48 (14.6) 49/260 (18.9) 2/45 (4.4)

Over half the days 54/249 (21.7) 7/48 (14.6) 43/260 (16.5) 9/45 (20.0)

Nearly every day 112/249 (45.0) | 21/48 (43.8) 112/260 (43.1) 24/45 (53.3)

MW, minimum wage (in 2021, the minimum wage in Brazil was R$1,100 (approximately US$213)); PHQ-9, 9-item Patient Health Questionnaire.
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Extended Data Table 5 | Comparison of adjusted estimates from multiple imputed data using the MICE models, with
estimates from complete case analysis for the improvement from depressive symptomatology (PHQ-9 scores<10) at5
months, and for a reduction in PHQ-9 scores by at least 50% between baseline and 3 and 5 months (secondary outcome)

Complete case analysis® Imputed data from MICE analyses®©d
Model Odds ratio (95% Cl) | P Value® | Odds ratio (95% Cl) P Value®
Improvement from depressive
symptomatology at five 1.02 (0.71, 1.46) 911 1.01(0.70, 1.46) 938

months? (n=510)

Reduction in depressive
symptomatology at three 1.59 (1.10, 2.31) .015 1.58 (1.08, 2.29) .016
months® (n=527)

Reduction in depressive
symptomatology at five 1.06 (0.75, 1.51) 740 1.04 (0.73, 1.48) 841
months® (n=510)

MICE, multiple imputation by chained equations; OR, odds ratio; PHQ-9, 9-item Patient Health Questionnaire *The secondary outcome of improvement from depressive symptomatology was
defined as PHQ-9 scores less than ten. "The secondary outcome of reduction in depressive symptomatology was defined as PHQ-9 scores reducing by at least 50% between baseline and
the first and second follow-up assessments (yes/no). °Odds ratios and 95% Cls were calculated using logistic regression models adjusted for sex, age group and baseline severity of PHQ-9
(categorical). “All estimates had missing data imputed by trial arm using MICE models that included sex, age group, baseline severity of PHQ-9 (categorical) and predictors of missingness.
°AlL P values reported are based on two-sided Wald tests from the relevant logistic regression model, with no adjustments for multiple tests.
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Extended Data Table 6 | Comparison of estimates from multiple imputed data using MICE models, with estimates from
complete case analysis for secondary outcomes at 3 and 5 months

Complete case analysis? Imputed data from MICE analyses2?
Model Difference in means | P Value® | Difference in means (95% | P Value®
(95% CI) Cl)
PHQ-9 scores at three -1.09 (-2.28, 0.09) .070 -1.14 (-2.33, 0.05) .060
months
GAD-7 scores at three -0.78 (-1.78, 0.23) 130 -0.89 (-1.88, 0.11) .082
months
EQ-5D-5L scores at 0.015(-0.010, 0.039) | .246 0.025 (-0.015, 0.064) 218
three months
ICECAP-O scores at 0.021 (-0.006, 0.048) | .132 0.018 (-0.009, 0.045) 185
three months
3-item UCLA scores at 0.18 (-0.10, 0.46) 213 0.19 (-0.09, 0.48) 186
three months
PHQ-9 scores at five -0.34 (-1.50, 0.83) 567 -0.21 (-1.36, 0.94) 716
months
GAD-7 scores at five -0.25 (-1.33, 0.84) 657 -0.14 (-1.20, 0.92) 793
months
EQ-5D-5L scores at five | 0.020 (-0.003, 0.043) | .084 0.035(-0.001, 0.071) .059
months
ICECAP-O scores at five | 0.003 (-0.022, 0.029) | .804 0.002 (-0.024, 0.029) .856
months
3-item UCLA scores at 0.22 (-0.07, 0.50) 142 0.22 (-0.07, 0.52) 140
five months

Cl, confidence interval; EQ-5D-5L, 5-level EuroQol health-related quality of life questionnaire; GAD-7, 7-item General Anxiety Disorder questionnaire; ICECAP-O, ICEpop CAPability measure
for older people; PHQ-9, Patient Health Questionnaire-9; 3-item UCLA, University of California, Los Angeles. PHQ-9 scores range from O to 27, with higher scores representing more severe
depressive symptomatology. GAD-7 scores range from O to 21, with higher scores representing more severe anxiety symptomatology. EQ-5D-5L scores range from -0.264 to 1, with higher
scores representing higher quality of life. ICECAP-O scores range from O to 1, with higher scores representing greater levels of capability well-being. 3-item UCLA scores range from 3 to

9, with higher scores representing more severe levels of loneliness. *Differences in means were estimated using linear regression models, adjusted for relevant baseline assessment of
corresponding outcome, sex, age group and baseline severity of PHQ-9 (categorical). "All estimates had missing data imputed seperately, according to trial arm, using MICE models that
included predictors of missingness, sex, age group and baseline severity of the PHQ-9 score (categorical). “All P values reported are based on two-sided t-tests from the relevant linear
regression model, with no adjustments for multiple tests.
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Extended Data Table 7 | Results from subgroup analyses testing for the effect modification between prespecified
variables and treatment arm at 3 and 5 months for the primary and secondary outcomes of improvement from depressive
symptomatology using complete data only

P Value of Wald test?
Interaction term with treatment allocation | Three-month follow-up® | Five-month follow-up®
Gender 953 .055
Age .660 .351
Education 723 284
Baseline PHQ-9 scores 113 .565
Hypertension .061 .069
Diabetes 505 440
Comorbid hypertension and diabetes 119 .445

OR, odds ratio; PHQ-9: 9-item Patient Health Questionnaire. *All P values reported are based on two-sided Wald tests, with no adjustments for multiple tests. "ORs and 95% Cls were calculated

using logistic regression models adjusted for sex, age group and baseline severity of PHQ-9 (categorical).
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Extended Data Table 8 | Adjusted ORs (95% Cls) for different departures from the missing at random assumption, for the
outcome variable of improvement from depressive symptomatology (PHQ-9 scores <10) at 3 and 5 months assuming
greater probability of the outcome being missing when depression was present

Adjusted Odds Ratio (95% Cl)
Delta | Three-month follow-up | Five-month follow-up
0.1 1.56 (1.07, 2.27) 1.05(0.74, 1.52)
0.2 1.54 (1.06, 2.24) 1.06 (0.74, 1.51)
0.3 1.53 (1.06, 2.22) 1.05 (0.73, 1.49)
0.4 1.52 (1.06, 2.20) 1.03 (0.73. 1.46)

Cl, confidence interval; OR, odds ratio; PHQ-9, 9-item Patient Health Questionnaire.
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Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Gender was self-reported.
Subgroup analyses, including for gender, are also reported in the study.

Reporting on race, ethnicity, or  This study does not report any information on race or ethnicity.
other socially relevant
groupings

Population characteristics The majority of participants were women (75%), aged 60-69 year-old (83%), with less than eight years of education (74%)
and were earning minimum wage (64%). Severity of depressive symptomatology was considered moderate (PHQ-9 scores
between 10 and 14) for 40% of the participants.
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Recruitment Participants were recruited by phone following a list of individuals registered with the participating primary care clinics.
Individuals with an active WhatsApp number were approached by telephone to be screened for depressive symptomatology
using the Patient Health Questionnaire (PHQ). Those with PHQ-2 scores>1 were administered the full PHQ-9 and if they
scored >10 as well as met our other eligibility criteria they were invited to participate in the trial. The list of individuals were
provided by the Guarulhos Health Secretariat and we pre-screened 95% of all registered individuals. Around 72% of those
with a valid WhatsApp number could not be included as they did not answer either of the two calls made by the research
assistants (these calls were on different days but logistical constraints precluded more than two such attempts). Possible
reasons for failure to answer the call include that the telephone was turned off, the call was not heard, or the individual did
not answer calls from unknown numbers. There is therefore potential for an element of self-selection in this part of the
recruitment process although this would not have impacted appreciably on the internal validity of the cluster randomised
trial.

Ethics oversight Ethics Committee of the Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo — HCFMUSP

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Study description PRODIGITAL-D was a two-arm individually-randomized controlled trial with 1:1 allocation. This study reports the effectiveness
outcomes of the trial.

Research sample Older adults (60+ years) registered with a primary care clinic in Guarulhos, Brazil, and with a valid phone and WhatsApp number. The
majority of participants were women (75%) and aged 60-69 year-old (83%). The majority had less than eight years of education (74%)
and were earning minimum wage (64%). The sample is representative of the older population with depressive symptoms in Brazil.
The Viva Vida program was developed to reach older adults registered with primary care clinics, commonly located in
socioeconomically deprived areas of the country.

Sampling strategy Random sampling was employed to recruit participants. Sample size was calculated considering that 440-500 randomized individuals
would yield 80-85% power to detect a 15-percentage point difference in depression recovery rates between the control and
intervention arms at three months (25% versus 40%) using a two-sided 5% alpha, and assuming a 25% attrition.

Data collection The following instruments were used during the baseline and follow-up assessments: 9-item Patient Health Questionnaire (PHQ-9),
Generalized Anxiety Disorder-7 (GAD-7), 3-item University of California, Los Angeles (UCLA) loneliness scale (3-item UCLA), European
Quality of Life five-dimensional questionnaire, five-level version (EQ-5D-5L); ICEpop CAPability measure for Older people (ICECAP-O).
All data were collected by phone calls and managed using REDCap. Research assistants involved in recruitment and follow-up data
collection were masked to trial allocation. Two different groups of research assistants were responsible for either the first or the
second follow-up assessment.

Timing Data collection took place between 8 September 2021 and 26 September 2022.
Data exclusions No data were excluded from the analyses.

Non-participation No participants dropped out/declined participating after randomisation.




Randomization Participants were stratified by age group (60-69 years, 70-79, 80+ years), gender (male, female) and depression severity (PHQ-9
categories: 10-14, 15-19, 20+). The allocation sequence was generated using random-permuted blocks with random block sizes by
research team members not involved in data collection. The ‘randomization module’ of the Research Electronic Data Capture
(REDCap) was used to conceal the allocation sequence and randomize individuals.
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We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging
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Clinical data

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Brazilian Registry of Clinical Trials (ReBEC), RBR-4c94dtn.
Study protocol Full trial protocol is part of the supplemental material.

Data collection Participants were recruited by phone from a randomly ordered list of 24 primary care clinics, named Unidades Basicas de Satde
(UBSs), in Guarulhos, Brazil. The city is part of the metropolitan region of Sao Paulo with a population of around 1.4 million. A total of
603 participants were recruited between September 2021 and April 2022, and followed up for five months.

Outcomes Recovery from depression (PHQ-9 score<10) at three months was the primary outcome. Secondary outcomes included recovery from
depression at five months, and reduction in PHQ-9 scores by at least 50% between baseline and follow-up visits at three and five
months. We also evaluated effects on the continuous scores of: anxiety symptomatology with the Generalized Anxiety Disorder-7
(GAD-7); loneliness with the 3-item University of California, Los Angeles (UCLA) loneliness scale (3-item UCLA); quality of life with the
European Quality of Life five-dimensional questionnaire, five-level version (EQ-5D-5L); and capability wellbeing with the ICEpop
CAPability measure for Older people (ICECAP-O).
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