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Visual Abstract
IMPORTANCE Depression is a leading contributor to disease burden globally. Digital mental
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health interventions can address the treatment gap in low- and middle-income countries, but
the effectiveness in these countries is unknown.
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OBJECTIVE To investigate the effectiveness of a digital intervention in reducing depressive

symptoms among people with diabetes and/or hypertension.
DESIGN, SETTING, AND PARTICIPANTS Participants with clinically significant depressive
symptoms (Patient Health Questionnaire-9 [PHQ-9] score ⱖ10) who were being treated for
hypertension and/or diabetes were enrolled in a cluster randomized clinical trial (RCT) at 20
sites in São Paulo, Brazil (N=880; from September 2016 to September 2017; final follow-up,
April 2018), and in an individual-level RCT at 7 sites in Lima, Peru (N=432; from January 2017
to September 2017; final follow-up, March 2018).
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INTERVENTIONS An 18-session, low-intensity, digital intervention was delivered over 6 weeks
via a provided smartphone, based on behavioral activation principles, and supported by
nurse assistants (n = 440 participants in 10 clusters in São Paulo; n = 217 participants in Lima)
vs enhanced usual care (n = 440 participants in 10 clusters in São Paulo; n = 215 participants
in Lima).
MAIN OUTCOMES AND MEASURES The primary outcome was a reduction of at least 50% from
baseline in PHQ-9 scores (range, 0-27; higher score indicates more severe depression) at 3
months. Secondary outcomes included a reduction of at least 50% from baseline PHQ-9
scores at 6 months.
RESULTS Among 880 patients cluster randomized in Brazil (mean age, 56.0 years; 761 [86.5%]
women) and 432 patients individually randomized in Peru (mean age, 59.7 years; 352 [81.5%]
women), 807 (91.7%) in Brazil and 426 (98.6%) in Peru completed at least 1 follow-up
assessment. The proportion of participants in São Paulo with a reduction in PHQ-9 score of at
least 50% at 3-month follow-up was 40.7% (159/391 participants) in the digital intervention
group vs 28.6% (114/399 participants) in the enhanced usual care group (difference, 12.1
percentage points [95% CI, 5.5 to 18.7]; adjusted odds ratio [OR], 1.6 [95% CI, 1.2 to 2.2];
P = .001). In Lima, the proportion of participants with a reduction in PHQ-9 score of at least
50% at 3-month follow-up was 52.7% (108/205 participants) in the digital intervention group
vs 34.1% (70/205 participants) in the enhanced usual care group (difference, 18.6 percentage
points [95% CI, 9.1 to 28.0]; adjusted OR, 2.1 [95% CI, 1.4 to 3.2]; P < .001). At 6-month
follow-up, differences across groups were no longer statistically significant.
CONCLUSIONS AND RELEVANCE In 2 RCTs of patients with hypertension or diabetes and
depressive symptoms in Brazil and Peru, a digital intervention delivered over a 6-week period
significantly improved depressive symptoms at 3 months when compared with enhanced
usual care. However, the magnitude of the effect was small in the trial from Brazil and the
effects were not sustained at 6 months.
TRIAL REGISTRATION ClinicalTrials.gov: NCT02846662 (São Paulo) and NCT03026426 (Lima)
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D

epression has been the largest contributor to total years
lived with disability in the Americas, with Brazil and
Peru among the highest contributors in 2015.1,2 Depression has been commonly associated with diabetes and cardiovascular diseases, a comorbidity associated with poorer
treatment adherence and outcomes,3 posing a major burden
in Latin America.4
The lack of trained personnel to deliver effective mental
health care has contributed greatly to a large treatment gap in
Brazil and Peru.2 Task shifting or transferring tasks from specialists to other health workers has been used to reduce this
gap in low- and middle-income countries.5-7 Brazil and Peru
have targeted programs within their health care systems to
treat hypertension and/or diabetes, but not depression, with
a prominent task-shifted role given to nonspecialists.
The use of digital interventions is increasing,8,9 a trend
that has accelerated since the advent of the COVID-19
pandemic.10 Digital interventions have demonstrated efficacy, particularly when including human support, 9 and
offer potentially scalable and affordable solutions to reduce
the depression treatment gap in low- and middle-income
countries, but evidence from these countries and among
patients with chronic physical health comorbidities is lacking. Studies of the effectiveness of digital interventions in
populations with chronic comorbid conditions, primarily in
high-income countries, have shown mixed results, in part
due to adherence problems.8,11,12 To address this, a usercentered approach was utilized to design the intervention,
with participation of patients and nurses.13
A low-intensity, behavioral activation, digital intervention named CONEMO (English translation, emotional control)
for depression among individuals with hypertension and/or
diabetes was developed. The digital intervention was minimally supported by nurse assistants, and feasibility studies
showed good acceptability among users.14,15
Two randomized clinical trials (RCTs) were conducted
to assess the effect of the intervention on depressive symptoms among individuals with hypertension and/or diabetes
attending public health care facilities in Sao Paulo, Brazil,
and Lima, Peru.
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Key Points
Question What is the effect of a behavioral activation digital
intervention delivered over a 6-week period on depressive
symptoms among patients with comorbid hypertension or
diabetes in Brazil and Peru?
Findings In 2 randomized clinical trials conducted separately in
São Paulo, Brazil (880 participants), and Lima, Peru (432
participants), a significantly greater proportion of participants who
received the digital intervention, compared with enhanced usual
care, experienced at least a 50% reduction in depressive
symptoms at 3 months (40.7% vs 28.6% in Brazil; [odds ratio, 1.6];
52.7% vs 34.1% in Peru [odds ratio, 2.1]), although the differences
were no longer statistically significant at 6 months.
Meaning A digital intervention for patients with depressive
symptoms and comorbid hypertension or diabetes significantly
improved depressive symptoms at 3 months compared with
enhanced usual care in Peru and Brazil, but the effects were not
sustained at 6 months in either of the 2 trials.

ment clinics for hypertension or diabetes in Lima. Patients who
had a Patient Health Questionnaire-9 (PHQ-9) score of 10 or
greater (range, 0-27; higher score indicates more severe depression) and ability to read a text on a smartphone screen were
invited. Individuals assessed as having high suicide risk and
pregnant women with gestational diabetes and/or hypertension at screening were excluded.

Procedures
A cluster RCT in São Paulo, Brazil, and an individual-level RCT
in Lima, Peru, were conducted. In São Paulo, 35 primary care
units (clusters) located in the eastern part of the city were invited to participate, but 9 of them were too small (with less than
4 family health teams), and 6 declined to participate. All the
remaining 20 units, 10 teaching (internship sites) and 10 nonteaching units, agreed to participate. In Lima, 3 outpatient clinics and 4 primary care centers agreed to participate. Fieldwork took place between September 19, 2016, and April 2, 2018,
in Brazil and between January 24, 2017, and March 30, 2018,
in Peru. The PHQ-916 was used to assess eligibility, severity of
depressive symptoms, and main outcomes.

Randomization

Methods
Trials were approved by the data and safety monitoring board
of the US National Institute of Mental Health and local ethics
committees in São Paulo and Lima. All participants gave written informed consent prior to entering the trials. Protocols and
the statistical analysis plan are provided in Supplement 1.
The trial designs and the type of human support provided were different, including the health care systems, yet
both trials used the same digital intervention for populations
with similar comorbid conditions.

Settings and Participants
Eligible participants were adults (≥21 years) who reported receiving treatment for hypertension and/or diabetes at primary care units in São Paulo or attending ambulatory treat-

In São Paulo, the sample was stratified according to teaching
status, with a single block in each stratum. A statistician, who
was not involved in recruitment, undertook the cluster, stratified randomization of clinics blind to their identities, with 10
clinics randomized to each group, 5 from each stratum. In Lima,
individual randomization was undertaken using a 1:1 allocation ratio, with balance attained with respect for any of the
countries health center and baseline severity of depressive
symptoms (PHQ-9 score <15 or ≥15) through stochastic minimization with a 30% chance of simple random allocation, using
an online randomization system.17
Research assistants collecting baseline and outcome data
from participants were blind to treatment allocation. Concealing allocation from clinical staff delivering the digital intervention or managing the safety net was not feasible.
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Intervention and Control Conditions
Intervention Group: Digital Intervention
This was a low-intensity intervention aimed primarily at
reducing depressive symptoms, delivered by a smartphone
app in Portuguese and Spanish, and minimally supported by
nurse assistants. The app consisted of 18 brief automated
mini-sessions, delivered over a 6-week period at a rate of 3
mini sessions per week, each requiring less than 10 minutes
to complete. The app content was based on behavioral activation, an evidence-based psychological approach to treat
depression 18 that focused on increasing participation in
activities pleasant or meaningful to the participant that could
be easily adapted for self-treatment. Although this digital
intervention did not aim to improve the management of
hypertension or diabetes, many suggested activities aimed to
improve comorbid physical conditions (eg, healthy eating or
physical activity). App use data were reviewed by nurse assistants through a dashboard installed on tablet computers (see
outline in eFigure 1 in Supplement 2).
Nurse assistants met with intervention participants for
an initial face-to-face meeting, and participants received a
smartphone with the preinstalled app and completed a tutorial on its use. Nurse assistants provided support to the app
using the supportive accountability-coaching model.19 At the
beginning of the study, nurse assistants placed 2 mandatory
phone calls to all intervention participants to assist with any
difficulties and to enhance motivation for using the digital
intervention. Additional calls were prompted through notifications sent to nurse assistants when the automated system
detected nonadherence. If participants requested help
regarding clinical issues, they were referred to their usual
health care services. Patients could request technical assistance by using the help button in the app, which leads to a
live call from the nurse assistant. There was no additional
clinical contact as part of this digital intervention. Nurse
assistants received training and were supervised weekly by
clinical psychologists.
All other health services considered in the enhanced usual
care group were also available in the digital intervention group
and used at the discretion of local health teams, including treatment for depression, diabetes, or hypertension.
Control Group: Enhanced Usual Care
The treatment of depression, hypertension, or diabetes
in this group was left to the discretion of local clinicians.
Participants in the intervention and control groups were
assessed for depressive symptoms up to 4 times during
the first month and again during research follow-up assessments; if considered at risk, they were referred to specialist
services as per the safety protocol (Supplement 1). None
of these procedures were part of the preexisting usual
care; thus, this was considered an enhanced usual care
approach. Participants in the control group did not receive
a smartphone.

Measures
Sociodemographics, clinical history of chronic conditions, and
health care utilization were assessed by self-report. Outcome
1854

assessments occurred at 3- and 6-month follow-up after completing the intervention.
Primary Outcome
The primary outcome was improvement in depressive
symptoms, defined as the proportion of participants with
at least a 50% reduction from baseline PHQ-9 16 scores
at 3-month follow-up assessments. This indicator has
been used in many depression treatment trials and is considered a robust way of ascertaining depression treatment
improvements.20-22
Secondary Outcomes
Secondary outcomes included the proportion of participants
with a reduction of at least 50% from baseline PHQ-9 scores
at 6-month follow-up assessments; quality of life measured
by the 3-level version of the Euroqol Group Quality of life
assessment instrument (EQ-5D-3L [score range, 0-1 with the
greater score indicating highest quality of life])23; disability
assessed with the World Health Organization Disability
Assessment Schedule-II (WHODAS-II [score range, 0-100
with greater score indicating more disability])24; behavioral
activation assessed with the Behavioral Activation for
Depression Scale-Short Form (BADS-SF [score range, 0-54
with greater scores indicating higher levels of activation])21;
and health care service utilization, as per number of health
service consultations, hospital admissions, and home visits
by primary care teams. All secondary outcomes were analyzed at 3 and 6 months.

Sample Size and Statistical Analyses
For the individual-level trial (in Lima) to detect a 15% difference (35% vs 50%) in the primary outcome across groups
with 80% power and 2-sided 5% significance level, 183 participants per group were needed. With 15% attrition, 432
individuals were required in total. The same target was used
in São Paulo, with inflation of sample size due to cluster
randomization using an intracluster correlation coefficient
of 0.025. All of the 20 clusters available in São Paulo
recruited participants, leading to an inflated total sample
size of 732 participants. Expecting a 15% loss to follow-up,
the sample size needed was 842; this was increased to 880
to aim for 44 patients in each cluster in São Paulo.
A 15 percentage-point difference was a meaningful and
realistic effect size when compared with other trials for
depression in primary care conducted in in Chile,7,25 and
elsewhere.6,26,27 A minimal clinically important difference
for the main outcome variable (PHQ-9) has never been
established for treatment of depressive symptoms in either
of the countries involved or other low- and middle-income
countries. Studies from high-income countries suggest that
a difference between 17% and 20%28 can be considered as a
reasonable minimal clinically important difference, but in
view of the low intensity of the intervention, this study was
powered for a 15% difference as a meaningful target from a
clinical and public health perspective.
Data analyses were conducted separately for each trial
using a similar approach. Descriptive baseline data were
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Figure 1. Flow of Participant Recruitment, Randomization, and Follow-up for the São Paulo, Brazil, Trial
35 Primary care units in São Paulo assessed for eligibility
15 Units excluded
9 Did not meet inclusion criteria (did
not have ≥4 family health teams)
6 Declined to participate

20 Primary care units randomized

10 Units allocated to the digital
intervention group

10 Units allocated to the enhanced
usual care group

5562 Individuals screened for eligibility

5126 Individuals screened for eligibility

5122 Excluded
1062 Declined to participate
4060 Did not meet inclusion criteriaa
2242 No diabetes or hypertension
1336 Unable to read computer
tablet screen
824 PHQ-9 score <10
94 Younger than age 21 y
12 Had gestational diabetes
or hypertension

4686 Excluded
909 Declined to participate
3777 Did not meet inclusion criteriaa
1997 No diabetes or hypertension
1181 Unable to read computer
tablet screen
845 PHQ-9 score <10
70 Younger than age 21 y
5 Had gestational diabetes
or hypertension
1 Suicide risk

440 Participants includedb

440 Participants includedb

391 Completed 3-month follow-up
49 Lost at 3-month follow-up
38 Withdrew consent
8 Did not attend follow-upc
3 Did not complete all PHQ-9 items

399 Completed 3-month follow-up
41 Lost at 3-month follow-up
26 Withdrew consent
2 Died
11 Did not attend follow-upc
2 Did not complete all PHQ-9 items

402 Completed 6-month follow-upd
27 Lost at 6-month follow-up
8 Withdrew consent
2 Died
12 Did not attend follow-upc
5 Did not complete all PHQ-9 items

412 Completed 6-month follow-upd
33 Lost at 6-month follow-up
10 Withdrew consent
3 Died
12 Did not attend follow-upc
8 Did not complete all PHQ-9 items

391 Completed the primary outcome
(3-month follow-up)

399 Completed the primary outcome
(3-month follow-up)

375 Completed the secondary
outcome (PHQ-9)

379 Completed the secondary
outcome (PHQ-9)

a

Some participants met more than 1 ineligibility criterion.

b

Indicates 44 participants in each unit.

c

Not all participants who remained enrolled in the trials attended follow-up
assessments or completed all Patient Health Questionnaire-9 (PHQ-9) items.
Numbers are included here to allow matching of the number of participants
with tables presenting results. Eight participants in the intervention group and

compared across groups to examine potential imbalances.
Primary and secondary outcomes were analyzed according to
their randomization group, with missing data handled
through multiple imputation using chained equations
methods,29 conducting sensitivity analysis with complete
case analyses excluding those with missing data. All regression analyses were adjusted for the relevant stratification
variables and random-effects parameters to account for clustering, including the clinic as the unit of randomization

11 participants in the enhanced usual care group who did not complete
3-month follow-up completed 6-month follow-up.
d

The number of participants excluding those who withdrew consent or died
(denominators) was 392 for the digital intervention group and 399 for the
enhanced usual care group.

in São Paulo. The primary outcome analysis used logistic
regression. In secondary analyses and according to a prespecified statistical analysis plan, results were adjusted for
sex, education, income, age, chronic diseases, and marital
status as well as baseline values for continuous outcome variables. Similar methods were used for the following secondary
outcomes without adjustment for test multiplicity:
(1) a reduction of at least 50% in PHQ-9 score from baseline to 6 months, using random-effects logistic regression;
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Figure 2. Flow of Participant Recruitment, Randomization, and Follow-up for the Trial in Lima, Peru
5785 Individuals in Lima screened for eligibility
5353 Excluded
1164 Declined to participate
4189 Did not meet inclusion criteria a
2272 PHQ-9 score <10
1260 Unable to read computer tablet screen
953 No diabetes or hypertension
15 Younger than age 21 y
13 Had gestational diabetes or hypertension
2 Suicide risk

432 Randomized

217 Randomized to the digital
intervention group

215 Randomized to the enhanced
usual care group

205 Completed 3-month follow-up
12 Lost at 3-month follow-up
5 Withdrew consent
3 Did not attend follow-upb
4 Did not complete all PHQ-9 items

205 Completed 3-month follow-up
10 Lost at 3-month follow-up
3 Withdrew consent
1 Died
6 Did not attend follow-upb

212 Completed 6-month follow-upc
9 Lost at 6-month follow-up
2 Withdrew consent
1 Participant died
6 Participants did not attend follow-upb
0 Participants did not complete all
PHQ-9 items

211 Completed 6-month follow-upc
14 Lost at 6-month follow-up
1 Participant withdrew consent
2 Participants died
9 Participants did not attend follow-upb
2 Participants did not complete all
PHQ-9 items

205 Completed the primary outcome
(3-month follow-up)

205 Completed the primary outcome
(3-month follow-up)

203 Completed the secondary
outcome (PHQ-9)

197 Completed the secondary
outcome (PHQ-9)

(2), EQ-5D-3L, WHODAS-II, and BADS-SF total scores at 3
and 6 months using random-effects linear regression models
and repeated measures analyses; and
(3) use of health care services during 2 time periods (0-3
months and 3-6 months) using random-effects Poisson models in São Paulo and Poisson regression models in Lima.
Prespecified subgroup analyses using likelihood ratio
tests of interactions across groups and educational levels
(<9 vs ≥9 years) and baseline severity of depressive symptoms (PHQ-9 <15 vs ≥15) were performed using the continuous measures of these 2 potential effect modifiers without
adjustment for confounders.
All statistical tests were 2-sided, and while specific P values are presented, those less than .05 were considered statistically significant. Because of the potential for type I error due
to multiple comparisons, findings for analyses of secondary
end points should be interpreted as exploratory. All analyses
were conducted using STATA 15 (StataCorp).

Some participants met more than 1
ineligibility criterion.

b

Not all participants who remained
enrolled in the trials attended
follow-up assessments or
completed all Patient Health
Questionnaire-9 (PHQ-9) items.
Numbers are included here to allow
matching of the number of
participants with tables presenting
results. Three participants in the
intervention group and 6
participants in the enhanced usual
care group who did not attend
3-month follow-up attended
6-month follow-up.

c

The number of participants
excluding those who withdrew
consent or died (denominators) was
209 for the digital intervention
group and 208 for the enhanced
usual care group.

Lima. Of the 10 688 patients screened in São Paulo, 880
(8.2%) were enrolled, while in Lima, 432 (7.5%) were
enrolled of 5785 patients screened. Enrolled participants
were not notably different from those who declined
(eTable 1 in Supplement 2). A total of 807 (91.7%) participants in São Paulo and 426 (98.6%) in Lima completed one
or both follow-ups.
In both trials, individuals randomized to the digital
intervention group had similar characteristics with those
randomized to the enhanced usual care group at baseline.
At baseline, 507 (57.6%) participants in São Paulo and 157
(36.3%) in Lima had PHQ-9 of 16 points or greater, suggesting at least moderately severe depression (Table 1).
In São Paulo, 70 participants (18%) did not complete any
of the active intervention sessions, 286 (65%) completed at
least 9 sessions, and 199 (45%) completed all 18 sessions. In
Lima, where 4 (2%) did not complete any of the active intervention sessions, 200 (92%) completed at least 9 sessions, and
169 (78%) completed all 18 sessions.

Primary Outcome

Results
Sample and Participants’ Characteristics
Participant recruitment and retention (per CONSORT guidelines) is shown in Figure 1 for São Paulo and in Figure 2 for
1856

a

In both trials, statistically significant differences in favor of
the digital intervention groups at 3-month follow-up were
found. In São Paulo, 159 of 391 (40.7%) participants in the
digital intervention group who completed the 3-month
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Table 1. Baseline Characteristics in the Digital Intervention and Enhanced Usual Care Groups
in São Paulo, Brazil, and Lima, Peru
No./total No. (%)a
São Paulo

Lima

Enhanced
usual care
Digital intervention (n = 440) (n = 440)

Enhanced
usual care
Digital intervention (n = 217) (n = 215)

Women

378/440 (85.9)

383/440 (87.1) 186/217 (85.7)

166/215 (77.2)

Men

62/440 (14.1)

57/440 (12.9) 31/217 (14.3)

49/215 (22.8)

21-40

43/440 (9.8)

46/440 (10.4) 7/217 (3.2)

14/215 (6.5)

41-60

235/440 (53.4)

233/440 (53.0) 101/217 (46.6)

95/215 (44.2)

≥61

162/440 (36.8)

161/440 (36.6) 109/217 (50.2)

106/215 (49.3)

Educational level of <9 y
of study

273/440 (62.0)

278/439 (63.3) 77/217 (35.5)

65/215 (30.2)

Income of <twice
minimum wageb

304/436 (69.7)

293/434 (67.5) 152/208 (73.1)

148/212 (69.8)

267/440 (60.7)

241/440 (54.8) 116/216 (53.7)

122/215 (56.7)

Not living with partner/ 120/440 (27.3)
divorced/widowed

141/440 (32.0) 74/216 (34.3)

57/215 (26.5)

Single

53/440 (12.0)

58/440 (13.2) 26/216 (12.0)

36/215 (16.8)

240/440 (54.6)

231/440 (52.5) 57/217 (26.3)

64/215 (29.8)

Age, y

Abbreviation: PHQ-9, Patient Health
Questionnaire-9.
a

Unless otherwise specified, all total
No. values are the numbers
randomized (São Paulo, 440 in the
digital intervention group and 440
in the enhanced usual care group;
Lima, 217 in the digital intervention
group and 215 in the enhanced usual
care group. Cells that report the
total No. indicate the actual number
available for the denominator.

b

Income measured in minimum
wages in local currency
(Real in São Paulo, Peruvian Nuevos
Soles in Lima).

c

Self-reported chronic disease but
confirmed with medical records.

d

Depressive symptoms measured by
PHQ-9, scores range from 0 (least)
to 27 (greatest) symptom burden.

e

Numerator values indicate the No.
with lifetime self-reported
prevalence of any kind of psychiatric
or psychological treatment.

Marital status
Married/living
with partner

Chronic diseasesc
High blood pressure
Diabetes

46/440 (10.4)

44/440 (10.0) 87/217 (40.1)

98/215 (45.6)

High blood pressure
and diabetes

154/440 (35.0)

165/440 (37.5) 73/217 (33.6)

53/215 (24.6)

Severity of depression
(PHQ-9 score)d
Moderate (10-15)

190/440 (43.2)

183/440 (41.6) 138/217 (63.6)

137/215 (63.7)

Moderately severe
(16-20)

152/440 (34.5)

163/440 (37.0) 56/217 (25.8)

57/215 (26.5)

Severe (≥21)

98/440 (22.3)

94/440 (21.4) 23/217 (10.6)

21/215 (9.8)

207/440 (47.0)

211/440 (47.8) 108/217 (49.8)

107/215 (49.8)

Any prior mental health
treatmente

Table 2. PHQ-9 Primary and Secondary Outcomes at 3- and 6-Month Follow-up Assessments Among Participants in the Digital Intervention
and Enhanced Usual Care Groups in São Paulo, Brazil, and Lima, Peru
No./total No. (%)a
Digital intervention

Enhanced usual care

OR (95% CI)b

Nonmissing
values, No.

P value

Primary outcome: PHQ-9
at 3-mo follow-up
São Paulo

159/391 (40.7)

114/399 (28.6)

1.6 (1.2-2.2)

790

.001

Lima

108/205 (52.7)

70/205 (34.1)

2.1 (1.4-3.2)

410

<.001

Secondary outcome: PHQ-9
at 6-mo follow-up
São Paulo

173/375 (46.1)

153/379 (40.4)

1.2 (0.9-1.7)

754

.18

Lima

112/203 (55.2)

101/197 (51.3)

1.2 (0.8-1.7)

400

.49

Abbreviations: MICE, multiple imputation using chained equations; OR, odds
ratio; PHQ-9, Patient Health Questionnaire-9.
a

The primary outcome, improvement in depression symptoms, was defined as
a reduction of 50% or more from baseline PHQ-9 scores. Number of cases and
proportions are based on observed data.

b

ORs and 95% CIs for binary variables were calculated by random-effects
logistic regressions, with missing values replaced through MICE procedures.

outcomes had a reduction of at least 50% in the PHQ-9
score compared with 114 of 399 (28.6%) in the enhanced
usual care group (between-group absolute difference,
12.1 percentage points [95% CI, 5.5-18.7]). In Lima, 108/205

All models were adjusted for randomization strata (São Paulo: residency
programs; Lima: health services and PHQ-9 severity). Additional MICE models
adjusting for baseline covariates (sex, education, income, age, chronic
diseases, and marital status) and complete case analyses, with and without
adjustment for baseline covariates, are provided elsewhere (eTable 2 in
Supplement 2).

(52.7%) participants improved in the digital intervention
group compared with 70/205 (34.1%) in the control group
(absolute difference, 18.6 percentage points [95% CI,
9.1-28.0]).
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Figure 3. PHQ-9 Scores at Baseline vs 3 Months and Violin Plots of PHQ-9 Scores at 3 Months in the Digital Intervention
and Enhanced Usual Care Groups in São Paulo, Brazil, and Lima, Peru
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In both scatterplots (left panels), the diagonal blue line divides participants who
improved in Patient Health Questionnaire-9 (PHQ-9) scores at 3 months (below
the line) from those who got worse (above the line). The diagonal brown line
divides participants who achieved at least a 50% reduction from baseline
PHQ-9 scores at 3-month follow-up (below the line) from those who did not
achieve it (above the line), to illustrate the primary outcome. In the violin plots,
the horizontal line in the box indicates the median, upper and lower ends of the
boxes indicate the 25th and 75th quartiles, and the whiskers indicate the

highest and lowest values within 1.5 times the interquartile range (IQR) of
PHQ-9 scores. The wider gray shaded areas in the violin plots indicate a higher
probability that members of the population will take on the given value; thinner
areas indicate a lower probability. In São Paulo, the median score was 9 (IQR,
6-14) for the digital intervention group and 11 (IQR, 7-15) for the enhanced usual
care group. In Lima, the median score was 6 (IQR, 2-12) in the digital
intervention group and 10 (IQR, 6-14) in the enhanced usual care group.

The odds ratio (OR) for this difference across groups,
estimated after imputing missing values, was 1.6 (95% CI,
1.2-2.2) in São Paulo and 2.1 (95% CI, 1.4-3.2) in Lima
(Table 2). These results persisted after adjustment for baseline covariates and in complete case analyses (eTable 2 in
Supplement 2). The distributions of PHQ-9 scores for the
primary outcome are shown in Figure 3.

in Lima, 112 of 203 (55.2%) participants improved in the
digital intervention group and 101 of 197 (51.3%) in the
control group ( between-group absolute difference,
3.9% [95% CI, −5.3% to 13.9%]; OR, 1.2 [95% CI, 0.8 to 1.7]).
None of these comparisons were statistically significant
(Table 2).
At 3 months, in both trials, there were statistically
significant differences between groups in favor of the digital intervention group for quality of life (EQ5D-3L) and
disability (WHODAS-II), while BADS-SF total scores were
significantly increased among digital intervention participants in Lima only (Table 3). Coefficients represent
adjusted differences in means between groups. For instance,
in Lima, the coefficient for WHODAS-II of −6.3 points
(95% CI, −9.2 to −3.3) indicates an estimated difference in

Secondary Outcomes
At 6 months in São Paulo, 173 of 375 participants (46.1%)
in the digital intervention group who completed the
6-month follow-up showed improvements in PHQ-9 scores,
compared with 153 of 379 (40.4%) in the control group
(between-group absolute difference, 5.7% [95% CI, −2.2%
to 13.9%]; OR, 1.2 (95% CI, 0.9 to 1.7)]), and at 6 months
1858
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Table 3. Secondary Outcomes, Quality of Life (EQ5D-3L), Functioning (WHODAS-II), and Behavioral Activation (BADS-SF) at 3- and 6-Month
Follow-up Among Participants in the Digital Intervention and Enhanced Usual Care Groups in São Paulo, Brazil, and Lima, Peru
Baseline
Digital
intervention

3-mo follow-up
Enhanced
usual care

Digital
intervention

Enhanced
usual care

6-mo follow-up
Coefficient
(95% CI)a

P value

Digital
intervention

Enhanced
usual care

Coefficient
(95% CI)a

P value

São Paulo (N=880)
EQ5D-3Lb, No.
Mean (SD)
WHODAS-IIc, No.
Mean (SD)
BADS-SFd, No.
Mean (SD)

440

440

389

396

0.63
(0.19)

0.62
(0.20)

0.68
(0.19)

0.65
(0.19)

427

425

382

393

31.53
(17.98)

30.62
(18.28)

26.15
(19.0)

28.62
(19.5)

430

431

388

383

23.32
(8.09)

23.47
(8.17)

25.97
(8.40)

25.14
(8.79)

376

385

0.03
(0.01 to 0.05)

.006

0.67
(0.20)

0.65
(0.20)

365

374

−2.6
(−4.80 to −0.40)

.02

25.05
(19.59)

26.64
(20.05)

374

381

1.0
(−0.08 to 2.01)

.07

27.02
(9.03)

25.66
(8.91)

202

197

0.05
(0.01 to 0.08)

.02

0.72
(0.19)

0.69
(0.22)

197

194

−6.3
(−9.2 to −3.3)

<.001

26.78
(15.6)

30.35
(18.1)

199

199

3.3
(2.0 to 5.3)

<.001

30.95
(8.94)

28.46
(9.53)

0.02
(−0.01 to 0.04)

.17

−1.6
(−4.2 to 1.1)

.24

1.2
(0.1 to 2.3)

.04

0.03
(−0.01 to 0.07)

.13

−2.9
(−5.8 to 0.1)

.058

2.2
(0.4 to 3.9)

.02

Lima (N=432)
EQ5D-3Lb, No.
Mean (SD)
WHODAS-IIc, No.
Mean (SD)
BADS-SFd, No.
Mean (SD)

215

217

209

203

0.62
(0.19)

0.62
(0.19)

0.70
(0.20)

0.65
(0.24)

214

215

208

205

39.91
(17.08)

39.27
(17.08)

28.56
(16.9)

34.96
(19.0)

217

214

208

205

25.59
(7.59)

25.88
(8.07)

29.52
(9.14)

25.95
(9.13)

Abbreviations: BADS-SF, Behavioral Activation for Depression Scale-Short Form;
EQ5D-3L, EuroQol Group Quality of Life Assessment Tool; MICE, multiple
imputation using chained equations; PHQ-9, Patient Health Questionnaire-9;
WHODAS-II, World Health Organization Disability Assessment
Schedule-II.
a

Regression coefficients were estimated using linear regression models (with
random effects for the cluster randomized clinical trial). All models had missing
values replaced MICE procedures using chained equations and were adjusted
for the secondary outcome’s baseline values and the randomization strata
(São Paulo: residency programs; Lima: health services and PHQ-9 severity).
Additional MICE models adjusting for baseline covariates (gender, education,

income, age, chronic diseases, and marital status) and complete case analyses,
with and without adjustment for baseline covariates, are provided in eTable 2
in Supplement 2.
b

EQ5D-3L scores range from 0 to 1, with higher scores represent better quality
of life.

c

WHODAS-II scores range from 0 to 100, higher scores represent more severe
disability.

d

BADS-SF scores range from zero to 54, higher scores represent higher level
of activation.

Table 4. Adverse and Unexpected Events in the Digital Intervention and Enhanced Usual Care Groups in São Paulo, Brazil, and Lima, Peru
No. (%)
São Paulo

Total adverse eventsa

Enhanced usual care
(n = 440)

Digital intervention
(n = 217)

Enhanced usual care
(n = 215)

97 (22.0)

102 (23.2)

15 (6.9)

30 (14.0)

Worsening of depression

59 (13.4)

66 (15.0)

6 (2.8)

11 (5.1)

Increase of suicidal ideation

31 (7.1)

29 (6.6)

8 (3.7)

16 (7.4)

Worsening of depression
and increase of suicidal ideation

7 (1.6)

7 (1.6)

1 (0.5)

3 (1.4)

7 (1.6)

3 (0.7)

10 (4.6)

10 (4.7)

Unexpected eventsb
a

Lima

Digital intervention
(n = 440)

Adverse events were defined as worsening of depressive symptoms or
increased suicidal ideation. Whenever an adverse event was reported, these
events were assessed to check relatedness to study procedures and were
subsequently monitored for participant safety purposes. Participants’ cases
for those experiencing adverse events, such as worsening of depression or
increased suicidal ideation, were managed according to the safety protocol
(Supplement 1).

means between groups of 6.3 points on the WHODAS-II at
3 months, adjusting for baseline WHODAS-II scores and the
randomization strata used in Lima.
At 6 months, there were no statistically significant differences between groups in the EQ-5D-3L or WHODAS-II

b

Unexpected events were defined as events where the nature or severity was
not related to the condition under study (depression, suicidality) or the digital
intervention protocol. These were discovered through information disclosed
by participants or relatives during scheduled interviews or data collection.
These events were related to the participants’ physical health (eg, hospital
admissions, surgery, cardiac arrest, and death due to physical diseases).

total scores in either trial. There was a statistically significant difference in favor of the digital intervention group in
the BADS-SF total score in both trials (Table 3). The analyses
of repeated measures for all outcomes are provided in eFigure 2 in Supplement 2.
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The mean number of medical consultations from baseline to the 3-month follow-up was significantly lower in the
digital intervention group compared with the control group
in São Paulo (regression coefficient, −0.2 [95% CI, −0.3 to
−0.1]), while an effect in the opposite direction was seen in
Lima (regression coefficient, 0.1 [95% CI, 0.0 to 0.2]). There
were no significant differences in the number of consultations at 6 months in either trial. Also, there were no significant differences in the number of hospitalizations or home
visits between groups at 3 and 6 months in either trial
(eTable 3 in Supplement 2). All of these results remained
similar after adjustment for baseline covariates and in complete case analyses (eTable 2 in Supplement 2).

Interactions
There was a statistically significant interaction between treatment group and time for the PHQ-9 scores in both trials (in São
Paulo, P = .02; in Lima, P < .001), with differences across groups
at 3 months decreasing by 6 months. In subgroup analyses, no
evidence of interactions between treatment groups and baseline severity of depressive symptoms (São Paulo, P = .57; Lima,
P = .45) or educational level (São Paulo, P = .59; Lima, P = .16)
on the primary outcome were found at 3 months (eTable 4 in
Supplement 2).

Adverse Events
In the intervention group, worsening of depressive symptoms occurred in 10% of patients and worsening of suicide ideation occurred in 6% of patients vs worsening by 12% and 7%
in the control group (Table 4). Three deaths occurred in the intervention group and 8 deaths occurred in the control group;
all were judged to be unrelated to study participation (Table 4).

Discussion
In 2 RCTs conducted in São Paulo, Brazil and Lima, Peru, patients with hypertension or diabetes and depressive symptoms who received the digital intervention were significantly
more likely to have a 50% or greater reduction of depressive
symptoms than those in the enhanced usual care group 3
months after completing the intervention, but differences between groups were no longer statistically significant after 6
months in either of the 2 trials.
One possible reason for the fading of these clinical benefits is that the app was only available during the first 6
weeks of the trial. While the digital intervention group maintained improvement at 6 months, the enhanced usual care
group showed further improvement over that time. This may
reflect the natural progression of a depressive episode but
may also be the result of additional assessments and triggered referrals.30,31
Adherence, which has been a major challenge with digital
health interventions,32 was considerably higher than rates
seen in trials of other digital interventions in low- and
middle-income countries,33 with 65% in São Paulo and 92%
in Lima completing more than half of the sessions. The overall good adherence may be the result of user-centered meth1860

ods employed in the design, resulting in an app that was easy
to use and fit into the fabric of people’s lives. The adherence
differences between sites may be partly explained by the fact
that dedicated study nurses supported the intervention in
Lima, while in São Paulo, the intervention was supported by
nurse assistants who were employed by existing services and
who had many other competing duties. Dedicated nurses
might have paid more attention to contacting patients and
providing more assistance and motivation when app use
decreased. It is also possible that the higher educational level
of Peruvian participants, compared with those from Brazil,
might have played a role in adherence to the intervention.
The samples in the 2 countries were different with bettereducated participants reporting milder depressive symptoms
in Lima. However, while acknowledging the low power of
these analyses, no interactions with baseline severity or educational levels were found in either of the countries. This
suggests that benefits can be accrued even among those with
lower levels of education. Two-thirds of the sample were
adults older than 40 years of age, suggesting that digital
mental health interventions may also be appropriate across a
wide age range.
Studies involving digital mental health interventions,
especially apps, are increasing,8,9,33-35 but methodologically
rigorous clinical trials from low- and middle-income countries are scarce. The results of this study provide further evidence to support the use of digital interventions within the
health care sector in some low- and middle-income countries. An 18.6% increase in response rates, compared with
the control condition as seen in Lima, would result in a sizable reduction in depressive symptoms if this digital intervention were implemented at a larger scale. Even in Brazil,
with a smaller increase of 12.1% in response rates, this brief
and low-intensity digital intervention might have a clear
public health effect in a country with a notable treatment
gap for depression. Studies in the United Kingdom have
found that differences for the PHQ-9 around a threshold
between 17% and 20% are probably worth pursuing. 28
However, caution must be observed when applying minimal
clinically important difference values arising from studies in
different contexts and with diverse populations, instruments, and interventions. In addition, effective remote digital interventions are sorely needed with the current
COVID-19 epidemic.10

Limitations
This study has several limitations. First, enhanced usual care
included a safety net for high-risk participants for ethical reasons, which likely improved outcomes in the control group,
diluted differences across groups, and potentially rendered
more conservative results. Second, these findings should not
be generalized to fully automated deployment, as this digital
intervention used nurses to support patient app use. However, the nurse support goes in line with task-shifting efforts
to minimize the reliance on mental health specialists. Third,
this study cannot distinguish the relative contribution of the
main components (ie, the app and nurses) to improve adherence or outcomes.
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Conclusions
In 2 RCTs of patients with hypertension or diabetes and
depressive symptoms in Brazil and Peru, a digital interven-
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