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Abstract

Background: Promoting physical activity (PA) and healthy feeding (HF) is crucial to address the alarming increase in obesity
ratesin developing countries. L everaging mobile phonesfor behavior change communication to encourageinfant PA and promote
HF is particularly significant within the Mexican context.

Objective: This study aims to explore the effectiveness and feasibility of mHealth interventions aimed at promoting PA and
HF among primary caregivers (PCs) of Mexican children under the age of 5 years. Additionally, the study aims to disseminate
insights gained from intervention implementation amidst the COVID-19 pandemic and assess the potential of behavior change
mHealth interventions on a broader population scale.

Methods: NUTRES, an mHealth intervention, underwent an effectiveness-implementation hybrid trial . Over 36 weeks, participants
intheintervention group (1G), totaling 230 individuals, received approximately 108 SM Stext messagestailored to their children’s
age. These messages covered topics such as PA and HF and emphasized the significance of proper child nutrition amidst the
COVID-19 pandemic. NUTRES participants were recruited from both urban and rural health units across 2 states in Mexico.
Given the COVID-19 context, both baseline and follow-up surveys were conducted viamobile or fixed telephone. The evaluation
of effectiveness and implementation used a mixed methods approach. Qualitative analysis delved into participants experiences
with NUTRES and various implementation indicators, including acceptance, relevance, and coverage. Grounded theory was used
for coding and analysis. Furthermore, difference-in-differences regression modelswere used to discern disparities between groups
(comparison group [CG] versus |G) concerning knowledge and practices pertaining to infant PA and HF.

Results: Of the total 494 PCs enrolled in NUTRES, 334 persisted until the end of the study, accounting for 67.6% (334/494)
participation across both groups. A majority of PCs (43/141, 30.5%, aways; and 97/141, 68.8%, sometimes) used the SM S text
message information. Satisfaction and acceptability toward NUTRES were notably high, reaching 98% (96/98), with respondents
expressing that NUTRES was “good,” “useful,” and “helpful” for enhancing child nutrition. Significant differences after the
intervention were observed in PA knowledge, with socia interaction favored (CG: 8/135, 5.9% vs |G: 20/137, 14.6%; P=.048),
as well asin HF practice knowledge. Notably, sweetened beverage consumption, associated with the development of chronic
diseases, showed divergence (CG: 92/157, 58.6% vs IG: 110/145, 75.9%; P=.003). In the difference-in-differences moddl, a
notable increase of 0.03 in knowledge regarding the benefits of PA was observed (CG: mean 0.13, SD 0.10 vs IG: mean 0.16,
SD 0.11; P=.02). PCs expressed feeling accompanied and supported, particularly amidst the disruption of routine health care
services during the COVID-19 pandemic.

Conclusions:  While NUTRES exhibited a restricted impact on targeted knowledge and behaviors, the SMS text messages
functioned effectively as both areminder and a source of new knowledge for PCs of Mexican children under 5 years of age. The
key lessons learned were as follows: mHealth intervention strategies can effectively maintain communication with individuals
during emergencies, such asthe COV1D-19 pandemic; methodol ogical and implementation barriers can constrain the effectiveness
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of mHealth interventions; and using mixed methods approaches ensures the complementary nature of results. The findings
contribute val uabl e evidence regarding the opportunities and constrai nts associ ated with using mobile phonesto enhance knowledge
and practices concerning PA and HF among PCs of children under 5 years old.
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(IMIR Mhealth Uhealth 2024;12:€55509) doi: 10.2196/55509
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Introduction

Because of the short and long-term adverse effects of
overweight/obesity on health and human capital, the World
Health Organization (WHO) emphasizesits prevention early in
life as a critical priority [1]. There is mounting evidence
indicating that children from low socioeconomic backgrounds
exhibit higher rates of overweight/obesity [2,3]. Mexico is
particularly alarmed by the escalating prevalence of
overweight/obesity among children under 5 years old, with the
most recent national estimates projecting a combined rate of
approximately 8% in 2022 [4]. Neverthel ess, socioeconomically
disadvantaged families are often more challenging for the health
sector to engage with, and they may be less inclined to
participate in programs promoting healthy behaviors[5]. Mobile
health (mHealth) technol ogies and tel ecommuni cations present
themselves as appealing low-cost interventions capable of
reaching vast and remote populations [6].

In low- and middle-income countries [ 7], resources have been
directed toward the development of mHealth interventions,
including behavior change communication (BCC) strategies
[8]. A 2019 systematic review [9] revedled that the most
commonly used mHealth technology was SM S text messaging
(60%). Additionally, there is evidence suggesting that eHealth
and mHealth interventions are effective in promoting physical
activity (PA) and healthy feeding (HF) in developing countries
[10].

Hence, leveraging mobile phonesfor BCC interventions presents
a promising opportunity to advocate for HF and PA practices
among primary caregivers (PCs) of the Mexican child
population. Thisis especially significant considering therising
and widespread use and accessibility of thistechnology, which
has increased from 71.5% of the total population in 2015 to
79.2%in 2022 [11]. In particular, in emergency contextswhere
health services are disrupted and face-to-face information
dissemination to the population is hindered, as was evident
during the COVID-19 pandemic, leveraging innovative mHesalth
interventions becomes crucial. In this regard, testing and
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evaluating such interventions in emergency settings can
significantly contribute to the existing evidence on mHealth.
Moreover, it can serve to stimulate further research endeavors
to complement and expand upon the findings of this study.

Hence, this research aimed to assess the effectiveness and
implementation of an mHealth intervention, referred to as
NUTRES, in promoting PA and HF practices among Mexican
PCs of children under 5 years. A secondary objective was to
document thelessonslearned from implementing and eval uating
an mHealth intervention during the COVID-19 pandemic.

Methods

Study Design

This study constitutes an effectiveness-implementation hybrid
trial [12], incorporating elements from both effectiveness and
implementation research. Thetrial isregistered under the Trial
Registration ID NCT04250896. We used a mixed methods
approach [13], utilizing a “convergent advanced design” [14].
This design involved the simultaneous use of qualitative and
guantitative methods, allowing for the triangulation of results
from both methodologies. By combining statistical findings
with insights gleaned from individuals' real-life experiences,
we aimed to gain acomprehensive understanding of the effects
and implementation process of NUTRES.

Eligibility Criteria and Recruitment of Participants

NUTRES participantswere recruited from urban and rural health
unitssituated in 2 states of Mexico: Morelosin the central region
and Yucatdn in the southern region. Randomization was
conducted at the health unit level. Inclusion criteria comprised
being a primary health care unit, being located in an area with
access to a mobile phone network, having more than 50
registered users under 5 years, and having over 80% of the
population with Spanish as their first language. A total of 308
eligible urban and rura health units from the 2 states were
included in the study, assigned either to the intervention group
(IG) or the comparison group (CG) (Figure 1).
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Figure 1. Flow diagram of NUTRES participants. CG: comparison group; |G: intervention group; PC: primary caregiver.
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The eligibility criteria for participants in both the 1G and the
CG were being the PC of an infant under 5 years, having
ownership/access to any type of mobile phone, being able to
speak and read Spanish, being aged 18 years or ol der, and being
aresident in the coverage area of the participating health unit.
Participants were recruited through 3 methods: (1) invitation
from primary health providers, (2) snowball sampling, and (3)
face-to-face encounters by field workers at health units. The
CG had the same €eligibility criteriafor recruitment, except for
the reguirement of mobile phone ownership/access.

Sample Size

Quantitative

Sample size calculations indicated that 100 participants per
study group would yield 80% power at the .05 significancelevel
to detect a 20%-point differencein the proportion of change for
at least one outcome variable (eg, knowledge, attitudes, or
practices related to infant PA or HF) between study groups,
using a 2-sided test. These calculations accounted for adesign
effect ranging between 1.5 and 1.9 [15] and factored in a 20%
dropout rate [16]. Notably, this sample size estimation did not
consider states or areas as strata, thus precluding intergroup
comparisons based on geographical regions.

Qualitative

The sample selection was purposive, with the aim of capturing
a diverse range of experiences associated with NUTRES.
Informants were chosen from both rural and urban areas,
encompassing caregivers with children aged 0-23 months and
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2-5 years, representing varying levels of interactivity. The use
of 2-way SMS text messaging served as an indicator of their
engagement with NUTRES (details on interactivity provided
below).

NUTRES I ntervention

NUTRES is an mHealth BCC strategy designed to prevent
childhood overweight/obesity. It achievesthis by disseminating
SM S text messages to PCs of children under 5 years, aswell as
to health personnel operating within primary unit servicesin 2
Mexican states. In this paper, we will primarily concentrate on
the outcomes of the SM S text messaging interventions aimed
at promoting infant PA [17] and HF [18]. For acomprehensive
understanding of the development of NUTRES, readers are
referred to previous publications [19,20].

In essence, the NUTRES intervention comprised 1- or 2-way
SM S text messages, each containing fewer than 150 characters,
disseminated to PCs over 9 months (equivalent to 36 weeks).
Participants in the 1G received approximately 108 SMS text
messages, adjusted based on the child's age. These SMS text
messages addressed various aspects, including attitudes and
practices concerning infant PA and HF. Additionally, SM Stext
messages addressing nutrition within the context of the
COVID-19 pandemic were incorporated due to the emergency
situation. The design of the SMS text message content was
informed by extensive formative research [21], which aimed to
identify both barriers and facilitators to the adoption of healthy
practices within the target population. Every factor that could
either facilitate or hinder behavior change was systematically
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addressed in line with the Theory of Planned Behavior [22,23].
This was accomplished through the dissemination of truthful
information, practical tips, heathy recipes, challenges, and
socioemotional support messagesto PCs. All SM Stext messages
were meticulously aligned with the latest national [24] and
international guidelines concerning infant PA and HF [17]. See
Multimedia Appendix 1 for examples of SMS text messages
delivered.

PCs who consented to participate in NUTRES were asked to
provide details about the child's name, age, and gender during
registration. Thisinformation was used to personalize and tailor
SM Stext messages for each participant accordingly. NUTRES
incorporated 2 types of SMS text messages:. 1- and 2-way (the
latter being sent following a response from PCs to the initial
SMS text messages). On average, participants received
approximately 3 SMS text messages per week. In addition to
informational messages, a weekly positive socioemotional
support SM S text message was dispatched to PCs, as research
has demonstrated its effectivenessin fostering parti cipation and
maintaining interest [25]. These SMS text messages were
programmed to be automatically delivered to PCsviathe Rapid
Pro platform [26], and interactivity, including responses from
PCs, was recorded and tracked.

Data Collection and Analysis

Overview

Data collection took place from September 2020 to September
2021. The quantitative component encompassed both the 1G
and the CG, involving both baseline and final assessments.
Meanwhile, the qualitative component solely focused on the
|G, conducted after 36 weeks of exposure to NUTRES. Both
the qualitative and quantitative teams, consisting of
approximately 4 members each, possessed extensive fieldwork
experience and proficiency in communication technology. They
underwent aweek-long virtual training session viaZoom (Zoom
Video Communications, Inc.).

Quantitative Data

Because of the COVID-19 context, both baseline and follow-up
surveys were conducted via mobile or fixed telephone. The
surveys covered arange of topics, including sociodemographic
information, health status, and knowledge pertaining to infant
PA and HF. Knowledge of recommended practices was assessed
by querying respondents about the advantages, disadvantages,
or known recommendationsregarding PA and HF. Each answer
was assigned a score based on its correctness, as outlined in
Multimedia Appendix 2.

Furthermore, exposure to NUTRES was gauged by querying
PCs regarding their receipt of the SMS text messages, as well
as their perception of the usefulness and practicality of the
messages. For instance, PCswere asked if they recall a specific
message from NUTRES that they had implemented in practice,
and their responses were recorded without any prompts or
suggestions from the interviewer.

Data collection was conducted using the REDCap (Research
Electronic Data Capture; Vanderbilt University) app, with daily
verification and backup procedures in place. Following data
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collection, thorough exploration, cleaning, and recategorization
processes were undertaken to prepare for descriptive statistics
and basic comparative anayses between study groups. Topics
of interest were examined and translated into knowledge and
practice indices, with summary variables generated for each
guestion. Practiceswere categorized into 3 equally sized tertiles
for evaluation: the first tertile was termed “limited,” the
intermediate tertile wastermed “moderate,” and the tertile with
higher values was termed “adequate” Lastly, we used a
double-difference approach [27] to evaluate the variance in the
change of outcomes between the presence (IG) and absence
(CG) of the intervention. A significance level of P<.05 was
deemed significant. All statistical analyses adhered to an
“intention-to-treat” principle[28] and were conducted using the
Stata version 14.2 statistical package (StataCorp).

Qualitative Data

Interviews were conducted after the quantitative survey and
delved into various topics, including opinions regarding
NUTRES; technical issues encountered with receiving, reading,
and responding to SM S text messages, overall impressions of
the SMS text message content; behaviors encouraged by the
messages, and the perceived impact of the intervention on the
intention or ability to carry out recommended practices.
Additionally, we explored 3 implementation indicators with
PCsfrom the | G:

«  “Acceptance’ of NUTRES and behaviors promoted by SMS
text messages.

«  “Pertinency,” which examinesthe relevance of information
and behaviors promoted by the SMS text messages in
NUTRES.

« “Coverage,” which examines the extent to which PCs
received the SM S text messages.

Thefirst 2 implementation indicators were proposed by Proctor
and colleagues [29], while the last one was by Peters and
colleagues [30]. According to these authors, these indicators
are crucial determinants of the success, in terms of both
implementation and expected outcomes, of an intervention.

Theinterview guide underwent apilot phaseinvolving role-play
to ensure its smooth flow and enable interviewers to practice
its implementation. Telephone interviews typically lasted
between 40 and 80 minutes, and they were recorded and
transcribed verbatim. Following the principles of grounded
theory [31], data analysis was conducted using a coding tree
[31] to streamline the coding process. This analysis was
performed utilizing NVivo 2020 (QSR International). See
Multimedia Appendix 3 for the category tree used for coding.

Ethical Approval and Consent

This study received approval from the Ethics, Research, and
Biosafety Committees of the National Institute of Public Health
(INSP) of Mexico, with the reference number Cl 1547. All
participants provided verbal informed consent to take part in
the study.
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Results

General Data About Design, Participants, and Sample
Size
Quantitative

Thetotal number of participants at baseline was 494 PCs, with
230 in the IG and 264 in the CG. Out of these, atotal of 334
participants completed the study, comprising 118 from Morel os
and 216 from Yucatéan (Figure 1) [32]. The primary reasonsfor
thelossto follow-up weretheinability to locate the PC for final
measurement, accounting for 9.1% (20/220) from the 1G and
18.1% (41/227) from the CG, and the unwillingness of some
participants to continue with the research, constituting 4.3%
(8/187) from the I1G.

L ozada-Tequeanes et al

The baseline characteristics of PCs revealed that the majority
were young, with an average age of approximately 28 years.
Most PCs were married or cohabiting and had a low level of
education, with lessthan one-quarter having completed primary
education. Additionally, at baseline, it was observed that the
children of PCsfrom the CG were on average 3.7 months older
than those from the 1G (P<.001). Furthermore, PCs from the
CG werelesslikely to report having a paid job compared with
PCs from the 1G (P<.004; Table 1). Baseline characteristics
were found to be similar between PCs who continued in the
study and those who were lost to follow-up. Thisis detailed in
Multimedia Appendix 4, which presents the descriptive
characteristics of individualslost to follow-up versusthose who
completed the study.

Table 1. Sociodemographic characteristics of the primary caregivers (N=494) at baseline and final line, by study group (NUTRES, 2020-21).

Sociodemographic characteristics Baseline
Comparison group (n=264) Intervention group (n=230) P value

States of Mexico, n (%) .80
Morelos 90 (34.1) 88(38.3)

Yucatan 174 (65.9) 142 (61.7)

Area, n (%) .86
Urban 162 (61.4) 148 (64.3)

Rural 102 (38.6) 82 (35.7)

Age of primary caregiver, mean (SD) 275 (7.25) 27.1 (6.80) 49

Relationship to the child, n (%) 49
Mother 259 (98.1) 226 (98.3)

Grandmother 1(0.9) 2(0.9)
Aunt/sister 3(1.1) 1(0.4)
Father/grandfather 0(0) 1(0.4)

Sex of child, n (%) 44
Girl 126 (47.7) 104 (45.2)

Boy 138 (52.3) 125 (54.3)

Age of child (months), mean (SD) 20.5(16.8) 16.8 (15.7) .001
<24, n (%) 165 (62.5) 164 (71.3) 12
24-59, n (%) 99 (37.5) 66 (28.7)

Marital status (married/free union), n (%) 232 (87.9) 191 (83.0) .33

Schooling (basic or less), n (%) 10(3.8) 27 (11.7) .35

Employment with payment (last week) (yes), n (%) 22 (8.3) 40 (17.4) .004

Socioeconomic status®, n (%) 19
Tertile 1 105 (39.8) 72 (31.3)

Tertile 2 90 (34.1) 67 (29.1)
Tertile 3 69 (26.1) 91 (39.6)
Beneficiary/affiliation social program (yes), n (%) 64 (24.2) 61 (26.5) 51

8S0cioeconomic status (tercile 1 represents the lowest welfare conditions).
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Qualitative

Twenty-four PCs from the IG were interviewed, with 12
participants from each state. These PCs had an average age of
30.2 years, with 14 participants having completed high school
education or higher. The mgjority of interviewed PCs were
homemakers, totaling 16 individuals. Multimedia Appendix 5
provides further details on the main characteristics of PCs
interviewed for the NUTRES study conducted between 2020
and 2021. Interestingly, only a few differences were observed
inthe experiencesreported by PCsof children aged 0-23 months
and those aged 24-59 months, aswell asbetween rural and urban
areas. Consequently, qualitative findings and PC experiences
are presented in a general manner.

NUTRES Intervention | mplementation

PCs expressed appreciation for the SMS text messages from
NUTRES, noting that they valued their brevity and clarity.
Informants unanimously agreed that the NUTRES strategy was
“good,” “useful,” and “helpful ” PCshighlighted that NUTRES
served asa“reminder” of previoudy acquired knowledge, while
also introducing “new” information, particularly regarding the

L ozada-Tequeanes et al

promotion of PA. PCs also remarked that the changing topics
inthe SM Stext messages astheir children grew made them feel
supported and motivated to implement the recommendations,
highlighting the acceptability and pertinence of the intervention
(Textbox 1; Multimedia Appendix 6). Additionaly, an
overwhelming majority of PCs (96/98, 98%), expressed their
desire to continue receiving NUTRES SMS text messages.
However, some PCs raised concerns about sharing sensitive
information, such as personal data, during the registration phase.
Furthermore, a portion of PCs, specifically 32/145 (22%),
reported encountering barriersto receiving SM S text messages
from NUTRES. These barrierswere damaged equipment (11/32,
34%) and issues rel ated to connectivity or lack of mobile phone
credit (7/32, 22%), indicating challengesin coverage (Table 2).
Additionally, PCs indicated that they consistently use (43/141,
30.5%) and interact (27/140, 19.3%) with the 2-way SMS text
message feature. Testimonies revealed that low interaction by
PCs did not necessarily correspond to a lack of interest or
rejection of NUTRES but rather to external circumstances such
asalack of credit or signal to receive SM S text messages, or a
lack of awareness about the reply option (Textbox 1).

Textbox 1. Implementation indicators (English quotes) of NUTRES by primary caregivers exposed to NUTRES.

Acceptance

lot with the adviceisreaching me (...) [#15].

Pertinency

Coverage

o  Well, I don't know, | say how....one year, | don't know...because | still don't feel as prepared for...as for...well...yes, well yes, | do feel prepared
for my baby, but | still don't know how many things, so it does help me [#14]

o They make mefeel calm [the messages]. (S) how do | explain it? They make me feel calm because they are helping me” (...) and it helped me a

«  Mmm, well, it'saprogram that helps us, helps us complement what we aready do at home for the children [#24].

«  Sincel amafirst-timer, | felt that it helped mein the sense that, like right now, because of the Covid, thereisno need for you to take, for example,
to your health clinic, so there they told you how the processes that touched them...in what month could you give certain foods to your baby [#5].

o Yes, because they were at the age, they were perfectly fine at my son's age. Hey? forever! [#13].

o Good. Well, in fact, we had to answer “Yes, No”, or if the goal was achieved or not, | tell him. There were times that the same and maybe | did
not realize some messages because there was no coverage, they did not enter. Sometimes several days passed, and until | went out to some place
that did exist, | was aware of the messages [#23]

« Andl told him“it's that they don't reach me”, that only when | go to a higher part or | |eft here, they began to reach me. And | tell him, when I'm
away, well, yes, | answer them, yes or...like no or something, well, the things they asked me [#21]

. Hereinthetown the current failsalot, and the signal goes away...it's been like [P] four months now that the current goes out constantly herein
the town and it'sin parts [#6].

«  Well, amost all of them because it was at the beginning when | began to receive the messages that they were going to charge me. And then, well,
this...well, my recharge ran out very quickly, so to speak, and | preferred to just read them and put them into practice...Sometimes | would send
them and say no, that | had to charge | don't know what...things like of money or something like that, and others if they let them answer [#14].

o What happens, that as there was a problem, that the telephones were lost. There came atime when this number that | have, my husband had it,
and since we removed the chip, it disappeared [#5].
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Table 2. Reception and reading of SMS text messages and the most useful format to put them into practice in primary caregivers participating in

NUTRES.
Responses Values (n=145)2
Difficulties receiving NUTRES SM S text messages (n=145), n (%) 32(22.1)
Reading of NUTRES SM S text messages (n=144), n (%)
Always 96 (66.7)
Sometimes 45 (31.3)
Use of NUTRES SM S text messages (n=141), n (%)
Always 43 (30.5)
Sometimes 97 (68.8)
Interactivity of NUTRES SM S text messages (n=140), n (%)

Always 27 (19.3)
Sometimes 71(50.7)
pc reported barriersto receiving NUTRES SM S text messages (n=32), n/N (%) 32/145(22.1)

Dropped telephone line, n (%) 3(9.9)
Lack of telephone signal, n (%) 7(21.9)
Change of phone number, n (%) 1(3.1)
Lack own mobile phone equipment, n (%) 3(9.4)

Damaged equipment, n (%) 11 (34.4)
Lack of connectivity or mobile phone credit, n (%) 7(21.9)
Problem or difficulty was solved (yes), n (%) 11 (34.4)
Reasons for not reading NUTRES SM S text messages (n=3), n/N (%) 3/145 (2.1)
Other (damaged or missing equipment), n (%) 3(100.0)
Reasons PCsdid not implement NUTRES SM S text messages (n=1), n/N (%) 1/145(0.7)
Lack of time, n (%) 1(100.0)
Reasons PCsdid not respond to NUTRES SM S text messages (n=42), n/N (%) 42/145 (29.0)
Lack of time and participants did not respond to SM 'S text messages within 12 hours, n (%) 7(16.7)
It is complicated, many issues, n (%) 1(2.4)
Information is missing, n (%) 2(4.8)

Other (eg, lack of own equipment, the economic burden for payment of phone line, error when sending responses, 31 (73.8)
read SM S text messages later), n (%)

Does not know/no comments, n (%) 1(2.4)

Per ception of NUTRES (satisfied and very satisfied) (n=141), n/N (%) 141/145 (97.2)
Becauseis practical, n (%) 92 (65.2)
A good resource in times of COVID-19, n (%) 10(7.2)
Received interesting messages, n (%) 83(58.9)

Other (eg, because of theinterest they show toward the family, important messages for the health of babies), n (%) 7 (5.0)

Reasons for dissatisfaction or some dissatisfaction with NUTRES (n=3), n/N (%) 3/145 (2.1)
Unclear or confusing information, n/N (%) 1/145 (0.7)
Relevance of NUTRES (relevant/appropriate and highly relevant/very appropriate) (n=140), n/N (%) 140/145 (96.6)
It helps them with feeding and PAC of their daughters and sons or with counseling of health providers, n (%) 87(62.1)

You can apply the recommendations in your daily life, n (%) 53(37.9)
Would you like to continue receiving SM Stext messages from NUTRES? (Yes) (n=98), n (%) 96 (98.0)

Recommendationsto improve NUTRES from PCs (n=159), n (%)
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Responses

Values (n=145)2

Have a baance or credit/signa

Have access to cell phone

Know what to respond/clear instructions
Havetime

Include images or videos (eg, WhatsApp)
Be interesting

Have training

Other (eg, have afollow-up, include information about diseases, more examples, include foods from the region,

make it face-to-face, more interaction, none)
Do not know/no answer
Most useful PA SM S text message format for PC (n=133), n (%)
Challenge
Socioemotional support
Informative
Recipes
Tips
With examples
Links for more information

Do not know/no answer

Most useful HFY SMStext message format for PC (n=142), n (%)
Challenge
Socioemotional support
Informative
Recipes
Tips
With examples
Links for more information

Do not know/no answer

28 (17.6)
3(1.9)
6(3.8)
9(5.7)
16 (10.1)
5(3.1)
8(5.0)
51 (32.1)

63 (39.6)

61 (45.9)
17 (12.8)
21 (15.8)
2(15)
13(9.8)
15 (11.3)
2(15)
4(3.0)

25 (17.6)
20 (14.1)
36 (25.4)
24.(16.9)
21(14.8)
8 (5.6)
2(1.4)
5(3.5)

#Totals may vary because of missing data.
bpc: primary caregiver.

°PA: physical activity.

9HF: healthy feeding.

The majority of PCs (92/141, 65.2%) reported that the SMS
text messages were practical. Additionally, 57/145 (39.3%) PCs
expressed a preference for the informative format over other
formats, such astipsor challenges. PCs particularly appreciated
the challenges related to PA, with 61/133 (45.9%) expressing
appreciation because it involved other family members (Table
2). Thisaspect was particularly valued, especially in the context
of COVID-19.

What | liked most about the SMIS was that they sent
advice, physical activity, not only for Mateo, but for
thewhole family and everything. And the same advice
for the whole family to follow, not just for the baby,
for my son [#3]

https://mhealth.jmir.org/2024/1/€55509
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PCs recalled messages regarding the importance of avoiding
certain unhealthy food items for their children, such as
sugar-sweetened beverages or sausages. These messages
emphasized that these items were not suitable for children and
were associated with the risk of early chronic diseases.

| remember that they recommended not to give him
boxed juices, but to give him plain water or natural
juice, that is, natural fruit juice [#2]

Thesame, [NUTRES] would send us, for example(...)
the sausagesand all that, because it was not theright
thing to do, because they have fat, if not, that it was
better for themto eat chicken, pork, beef [#2]
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NUTRES I ntervention Effectiveness

At baseline, PCs from the I G exhibited greater knowledge and
awareness regarding therisk of devel oping anxiety or depression
due to lack of PA compared with the CG (4/179, 2.2% vs
13/149, 8.7%, respectively; P=.02). Following theintervention,
significant differences between the 2 groups were observed,
with the IG showing higher rates of favoring socia interaction
and integration in relation to knowledge of PA (CG: 8/135,
5.9% vs IG: 20/137, 14.6%; P=.048). Regarding HF practices,
significant differences were observed between the IG and the
CG in recognizing that diabetes and chronic diseases can
develop as a consequence of sugar-sweetened beverage
consumption (CG: 92/157, 58.6% vs |G: 110/145, 75.9%;

https://mhealth.jmir.org/2024/1/€55509
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P=.003; Table 3). However, in the difference-in-differences
model, there was no significant improvement observed in the
practice of infant PA and HF (P>.05; Table 4). The only
significant increase between the study groups was observed in
terms of knowledge about the benefits of PA (CG: mean 0.13,
SD 0.10 vs IG: mean 0.16, SD 0.11; P>.02; Table 4).
Nevertheless, several PCs reported improvements in their
perceived control and intention rel ated to some of the behaviors
promoted by NUTRES, although detailed data on this aspect
are not shown.

W, asfar as| know, | used to give my older children
juice...soda, and [nhow] | don’t want to give her, |
mean, any sweets [#16]
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Table 3. Knowledge and practices about infant physical activity and healthy feeding from primary caregivers: baseline versus final line (NUTRES,

2020-21).2
Knowledge and practice Baseline Find line
Comparison Intervention P value Comparison Intervention P value
group group group group
(n=264) (n=230) (n=175), % (n=159), %
Physical activity (PAP), n/N (%)
Main benefits of PA identified 177/264 158/230 43 135/171 137/157 .09
(67.0) (68.7) (78.9) (87.3)
Strengthens muscles and bones 103/177 91/158 .92 76/135 76/137 .89
(58.2) (57.6) (56.3) (55.5)
Strengthens the immune system 45/177 21/158 17 28/135 19/137 .16
(25.4) (13.3) (20.7) (13.9)
Improves cognitive function, school performance, or  42/177 43/158 .55 30/135 30/137 .94
both (23.7) (27.2) (22.2) (21.9)
Promotes relaxation and well-being and improves  11/177 (6.2) 17/158 .18 15/135 19/137 .56
sleep patterns (10.8) (11.1) (13.9)
Helps to prevent chronic diseases 441177 26/158 .07 25/135 37/137 .09
(24.9) (16.5) (18.5) (27.0)
Helps to improve chronic disease control 35/177 21/158 .32 16/135 19/137 .62
(19.8) (13.3) (11.9 (13.9)
Helps to avoid anxiety/depression 3/177(1.7) 4/158(25) .67 3/135(2.2) 4/137(29) .70
Promotes socialization and social interaction 12/177 (6.8) 14/158(8.9) .47 8/135(5.9) 20/137 .048
(14.6)
Promotes water consumption (improves hydration) 1/177 (0.6) __c .34 1/135(0.7) 3/137(22) .33
Others (less constipation, promotes growth, gives 16/177 (9.0) 16/158 .83 6/135(4.4) 4/137(29) .56
them energy, they express themselves better) (10.1)
Do not know/answer 1/177 (0.6) — .36 1/135(0.7) 2/137(15) .53
Main consequences of not doing PA 179/264 149/230 .83 132/171 129/157 .38
(67.8) (64.8) (77.2) (82.2)
Decreased flexibility and weak muscles/bones 39/179 41/149 .32 31132 40/129 .30
(21.8) (27.5) (23.5) (31.0)
Weak immune system 32/179 18/149 40 25/132 19/129 .38
(17.9 (12.1) (18.9) 14.7)
Poor cognitive function/school performance 9/179 (5.0) 11149 (7.4) .48 20/132 12/129 (9.3) .18
(15.2)
Stress, annoyance, sadness, and insomnia 11/179 (6.1) 14/149(9.4) .31 10/132 (7.6) 12/129(9.3) .55
Increased risk of chronic disease 131/179 92/149 17 79/132 85/129 .37
(73.2) (61.7) (59.8) (65.9)
Increased risk of anxiety or depression 4/179 (2.2) 13/149(8.7) .02 4/132(3.0) 9/129(7.00 .14
Less sociaization and social interaction 9/179 (5.0)  16/149 A1 13/132(9.8) 18/129 42
(10.7) (13.9)
Others (fatigue, poor oxygenation, becomelazy, or  8/179 (4.5) 10/149 (6.7) .49 3/132(2.3) 3/129(2.3) .97
sedentary)
Do not know/answer 2/179(1.1) 1149(0.7) .67 1/132(0.8) 2/129(15) .54
PA recommendationsin children <5 years 56/264 49/229 .35 48/171 29/157 14
(21.2) (21.4) (28.1) (18.5)
At least 3 hours per day (180 minutes/day) 2/56 (3.6) 2/49 (4.1) .63 2/48 (4.2) 2/29 (6.9) .58
Screen time recommendations for children <5 years 88/264 106/229 .30 90/171 85/157 91
(33.3) (46.3) (52.6) (54.1)
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Knowledge and practice Baseline Final line
Comparison Intervention P value Comparison Intervention P value
group group group group
(n=264) (n=230) (n=175), % (n=159), %
<30 minutes/day 27/88(30.7) 34/106 .59 33/90 (36.7) 33/85(38.8) .77
(32.1)
<60 minutes/day 31/88(35.2) 37/106 35/90(38.9) 35/85(41.2) p/ad
(34.9)
<2 hours/day 15/88 (17.0) 13/106 12/90 (13.3) 10/85(11.8) N/A
(12.2)
Is avoided 12/88 (13.6) 12/106 7/90 (7.8) 4/85 (4.7) N/A
(113)
It depends on the age 2/88 (2.3) 2/106 (1.9) 1/90 (1.1) 0(0) N/A
Other — 4/106 (3.8) 2/90(2.2) 2/85(2.4) N/A
Do not know/answer 1/88 (1.1) 4/106 (3.8) 0(0) 1/85(1.2) N/A
Healthy feeding
Identifies that it isimportant to include vegetablesin the 28/264 26/230 .86 159/175 146/159 .78
dishes' preparation (vegetable consumption) (20.6) (11.3) (90.9) (91.8)
| dentifies the consumption of natural water asrecommend-  36/264 28/230 .80 11/175(6.3) 19/159 A3
ed (13.6) (12.2) (11.9)
| dentifies the consumption of sugar-sweetened beverages 6/264 (2.3) 5/230(2.2) .94 8/175(4.6) 3/159(1.9) .13

as not recommended

| dentifies the consumption of ultra-processed products — 1/230(0.4) .30 3/175(1.7) 4/159(25) .63
(eg, cupcakes, cookies) as not recommended

Consequences of an unhealthy feeding

Undernourishment 196/264 162/224 .63 145/175 126/159 41
(74.2) (72.3) (82.9) (79.2)

Overweight or obesity 71/264 64/224 .61 46/175 57/159 13
(26.9) (28.6) (26.3) (35.8)

Respiratory diseases 21/264 (8.0) 16/224(7.1) .76 15/175(8.6) 9/159(5.7) .28

Musculoskeletal or skin problems 2/264 (0.8) 2/224(0.9) .88 16/175(9.1) 3/159(1.9) .002

Sleep disturbances, discouragement and tiredness,  9/264 (3.4)  7/224(3.1) .83 7/175(4.0)  4/159 (25) .58

difficulty practicing aphysical activity or any activi-
ty, learning difficulties

Diabetes, hypertension, and hypercholesterolemia  25/264 (9.5) 25/224 44 17/175(9.7) 20/159 48
(112 (12.6)

Candies and soft drinks are identified as prizesfor 0 (0) 1/224(04) .20 0(0) 1/159 (0.6) .32

life

Harmful habits are established that are for life 0(0) 1/224(04) .20 0(0) 1/159 (0.6) .32

Others (eg, bulimiaand anorexia, gastritis, diarrhea  14/264 (5.3) 8/224(3.6) .23 1/175(0.6) 2/159(1.3) .46

and vomiting, lack of appetite, dehydration, getting
sick in general)

Do not know/answer 14/264 (5.3) 13/224(5.8) .79 5/175(2.9) 8/159(5.0) .31
Conseguences of sugar-sweetened bever age consump- 157/171 145/157 .67

tion (91.8) (92.4)
Undernourishment 14/215 (6.5) 13/185(7.0) .90 14/171 (8.2) 10/144(6.9) .46
Overweight or obesity 96/215 97/187 .33 75/157 67/145 .79

(44.7) (51.9) (47.8) (46.2)
Respiratory diseases or diarrhea 5/215(2.3) 3/185(1.6) .64 4/157 (25) 3/143(21) 81
Musculoskeletal or skin problems 10/215(4.7) 11/185(5.9) .62 17/157 8/145(5.5) .10

(10.8)
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Knowledge and practice Baseline Final line
Comparison Intervention P value Comparison Intervention P value
group group group group
(n=264) (n=230) (n=175),% (n=159), %
Sleep disturbances, discouragement and tiredness,  5/215(2.3) 2/185(1.1) .92 13/157(8.3) 2/143(14) .01

difficulty practicing aphysical activity or any activi-
ty, learning difficulties

Diabetes, hypertension, and hypercholesterolemia  139/215 116/187 .65 92/157 110/145 .003
(64.7) (62.0) (58.6) (75.9)

Candies and soft drinks are identified as prizesfor 0 (0) 1/185(0.5) .21 0(0) 2/145(1.4) .18

life

Harmful habits are established that are for life 2/215(0.9) 2/185(1.1) .90 0(0) 3/145(2.1) .12

Others(eg, kidney problems, addiction, hyperactivity, 21/215(9.8) 20/185 .84 4/157 (25) 5/145(34) .56

stomach ache) (10.8)

Do not know/answer 1/215(0.5) 2/185(11) .47 2/157(1.3) 0(0) 31

8Totals may vary because of missing data.
bpA: physical activity.

°Not available.

dN/A: not applicable.
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Table 4. Changesin knowledge and practices about infant physical activity and healthy feeding among primary caregiversin NUTRES.

Outcomes of interest Baseline Postintervention P value
Comparison group Intervention group Comparison group Intervention group Estimated change,
(n=264) (n=230) (n=175) (n=159) double difference®
Knowledge
PAb,c,d
PA concept, mean  0.26 (0.18) 0.3(0.18) 0.28 (0.17) 0.27 (0.15) -0.05 .04
(SD)
PA benefits, mean  0.13(0.11) 0.12 (0.11) 0.13 (0.10) 0.16 (0.11) 0.037 .02
(SD)
PA recommenda-  0.04 (0.10) 0.05 (0.10) 0.05 (0.09) 0.03 (0.06) -0.024 .07
tions, mean (SD)
Screentimerecom- 88 (33.3) 106 (46.1) 90 (51.4) 85 (53.5) N/AE <.001
mendations (ade-
quate), n (%)
Healthy feedingb, mean
(SD)
Healthy menu 0.18 (0.07) 0.19(0.07) 0.19 (0.07) 0.21(0.10) 0.014 19
Unhealthy feeding 0.25 (0.12) 0.25(0.14) 0.26 (0.15) 0.29 (0.16) 0.025 21
Healthy drinks 0.25(0.13) 0.26 (0.12) 0.25(0.12) 0.26 (0.11) 0.001 .94
Unhealthy drinks  0.14 (0.07) 0.14 (0.06) 0.14 (0.08) 0.15 (0.09) 0.013 21
Practices
PAPC mean (SD) 5.30(3.28) 4.94 (3.20) 8.65 (3.50) 7.67 (3.50) -0.758 .08
pcf of children be- 4.81 (3.15) 4.60 (3.03) 9.68 (3.08) 8.28 (3.68) -1.175 .10
tween 6 and 23.9
months, mean (SD)
Adequate, n/N (%) 38/102 (37.3) 25/88 (28.4) 25/66 (37.9) 13/61 (21.3) N/A N/A
Moderate, /N (%) 19/102 (18.6) 13/88 (14.8) 24/66 (36.4) 21/61 (34.4) N/A N/A
Limited, /N (%)  45/102 (44.1) 50/88 (56.8) 17/66 (25.8) 27/61 (44.3) N/A N/A
PC of children >24 7.53 (3.05) 7.84 (3.14) 9.0(2.22) 8.58 (2.58) 0.705 .30
months, mean (SD)
Adequate, n/N (%) 31/95 (32.6) 22/65 (33.8) 21/63 (33.3) 16/49 (32.7) N/A N/A
Moderate, /N (%) 33/95 (34.7) 20/65 (30.8) 22/63 (34.9) 14/49 (28.6) N/A N/A
Limited, /N (%)  31/95 (32.6) 23/65 (35.4) 20/63 (31.7) 19/49 (38.8) N/A N/A
Healthy feeding?, 10.22 (3.09) 10.72 (2.69) 10.23(2.32) 10.77 (2.25) 0.029 .96
mean (SD)
Adequate, n (%)  31/99 (31.3) 24/66 (36.4) 22/65 (33.8) 16/50 (32.0) N/A N/A
Moderate, n (%)  34/99 (34.3) 21/66 (31.8) 18/65 (27.7) 20/50 (40.0) N/A N/A
Limited, n (%) 34/99 (34.3) 21/66 (31.8) 25/65 (38.5) 14/50 (28.0) N/A N/A

Difference-in-differences models adjusted for the baseline age of the child and maternal employment.
ba pplied to all participants.

CAnindex of PA and healthy feeding practices was cal cul ated, whose score was divided into tertiles to obtain the categories of “ adequate,” “ moderate”
and “limited” practices according to children’s age (annex 6).

Ipa: physical activity.

EN/A: not applicable.

fpc: primary caregiver.

9Applied only to PC of children >24 months.
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Discussion

Principal Findings

To our knowledge, this study represents the first report on the
feasibility of implementation and effectiveness of an mHealth
intervention aimed at preventing childhood overweight/obesity
in Mexico within the context of COVID-19. Thisresearch offers
valuable insights into the implementation process of NUTRES
and its impact on expected outcomes. Although NUTRES
demonstrated limited impact on target knowledge and behaviors,
the SM S text messages served as reminders or sources of new
knowledge among PCs of Mexican children under 5 years.

The absence of significant effects observed in this study may
be partially attributed to methodol ogical adaptations necessitated
by the COVID-19 context, such as recruitment and data
collection conducted viatelephone. However, it is conceivable
that NUTRES could have served to mitigate the impact of the
pandemic on the participating population. Given that the
COVID-19 pandemic exacerbated food insecurity and
contributed to increased consumption of ultra-processed
products, along with physical inactivity during lockdowns, the
intervention may have provided some degree of protection to
the population involved [33]. Furthermore, the COVID-19
pandemic severely disrupted heath services, significantly
limiting the population's access to essential nutritional
counseling [34].

Additionaly, the lack of significant effects could be attributed
to the high rate of loss to follow-up, which, although not
markedly different between the study groups (71/230, 30.9%,
lossin the |G and 89/264, 33.7%, loss in the CG), represented
aloss to follow-up exceeding 20% (160/494, 32.4%) [35,36].
However, considering a sample size of 150 participants per
study group and assuming acorrelation of 0.6 between repeated
measures within participants, our analysis sample achieved an
approximate power of 83% to detect a difference of 0.15in the
change of proportions[37]. Nevertheless, it isplausiblethat the
registration and follow-up process, which involved requesting
contact information such as the child’s name or age, may have
discouraged the participation of PCs due to concerns about
privacy and security. To address this issue, other studies have
implemented strategies such as providing payments or
reminders, resulting in a high retention rate of over 80% [38].
Such approaches could potentially enhance participant
engagement and retention in future interventions.

Another important consideration to mention is that, due to the
nature of the intervention, access to and use of a mobile phone
was a prerequisite for inclusion in the 1G. This aspect could
introduce potential selection bias [39], especially considering
that mobile phone ownership was not arequirement for the CG
and mobile phone ownership might be correlated with income
level. However, this potential biaswas addressed intheanalysis
by adjusting for paid maternal employment (40/230, 17.4%, in
the IG vs 22/264, 8.3%, in the CG), among other baseline
characteristics. Adjusting for these baseline characteristics helps
mitigate the potential influence of confounding factors on the
study outcomes.

https://mhealth.jmir.org/2024/1/€55509
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Previous studies have not consi stently shown significant effects
of exposure to BCC mHealth interventions on the intended
audience[8]. Inthistrial, although 96/144 (66.7%) PCs aways
read NUTRES SM Stext messages, only 43/141 (30.5%) aways
used the information provided. However, based on PC
testimonies, NUTRES served as a reliable source of
recommendations or reminders for child care, which they
incorporated into their practices. Simultaneously, these
recommendations empowered them within their immediate
family and socia environment. Furthermore, while PC narratives
expressed some enthusiasm, the limitations of conducting
telephone interviews prevented the observation of informants
physical responses, hindering further exploration and discussion
of their enthusiasm. Therefore, future mHealth interventions
should incorporate features to enhance engagement over time,
using various methods such as incentives, push notifications,
and other interactive elements. These strategies could help
sustain interest and participation in the intervention among the
target audience.

The results from both the qualitative and quantitative
components of NUTRES are consistent with the lack of
effectiveness observed in other studies regarding the impact of
mHealth interventions on PC practices related to PA and HF.
For example, a study conducted in China found that a weekly
SMS text messaging intervention over 12 months had no
significant effect on infant feeding practices [40]. It could
therefore be speculated that the 9-month duration of exposure
in NUTRES may have been insufficient to bring about changes
ininfant HF practices. However, NUTRES did demonstrate an
improvement in PC knowledge regarding some benefits of PA.
Indeed, PCs emphasized in interviews that family challenges
played a crucia role in guiding and supporting them in
implementing the recommendations provided by NUTRES.
While the effectiveness of NUTRES could not be conclusively
demonstrated, the mixed methods methodology used in this
study identified that the obstacles to implementation were
primarily external to NUTRES and largely technological in
nature. Similarly, other studies conducted in Mexico have
documented persistent barriers to mHealth implementation,
such asthe cost of mobile phones, lack of network infrastructure,
and low digital literacy [41]. These barriers to implementing
mHealth interventions may diminish the potential impact of
smaller-scale studies and hinder their scale-up [41].

Our findings suggest that multicomponent and multichannel
interventions have greater potential to promote behavior change
compared with single-channel multithemeinterventions. While
the original design of NUTRES aimed for health providers to
reinforce the intervention topics among PCs, this approach was
not feasible due to the disruption of health services during the
COVID-19 pandemic [42,43]. Nevertheless, an mHealth
intervention could serve as a promising channel to maintain
contact when face-to-face interaction is not feasible,
complementing other remoteinterventions such astelemedicine
[44,45].

One strength of this study is its effectiveness-implementation
hybrid trial with an advanced convergent design, which enabled
the comparison and interpretation of quantitative and qualitative
results. Using a mixed methods approach, we were able to
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comprehensively observe the effects of the intervention and
implementation process [13]. For example, our study revealed
that the low interaction with SM S text messages by PCsdid not
necessarily indicate a lack of interest in NUTRES. Instead, it
was often attributed to external factors such as poor signa
reception, economic constraints, and other challenges. However,
despitetheseinsights, wewere generally unableto demonstrate
a significant effect of the NUTRES intervention on the target
behaviors. Nevertheless, previous studies[46] investigating the
usefulness of SM S text messages, as reported by PCs, suggest
that valuable behavioral changes could potentially be achieved
in the long term. Additionally, our difference-in-differences
models were adjusted for child age and maternal employment,
which were variables that differed between the groups at
baseline. This adjustment allowed us to estimate the specific
effect of the intervention. Furthermore, the double-difference
approach accounts for time-invariant observed factors (eg,
education) and unobserved variables (eg, motivation to comply)
[27], providing a more robust analysis of the intervention’s
impact.

L essons L earned

The positive feedback received through both quantitative and
qualitative data aligns with findings from another mHealth
intervention [47,48]. A systematic review conducted in 2019
[9] identified the top 3 barriers among participants, which
included signal coverage, lack of equipment (unaffordable
phones), and technology gap (limited knowledge of how to use
a phone). In this study, despite the participants positive
perceptions, similar challenges were encountered in terms of
interaction with SMS text messages. For instance, some
participants reported that SMS text messages were blocked,
requiring them to contact their mobile operator to resolve the
issue, which they were often unaware of. Additionally, other
reasons for not receiving the SM S text messages were dropped
lines, being out of coverage area, or changes in phone numbers
(15/32, 47%). When participants did not respond to the SMS
text messages within 12 hours, they were removed from the
screen (7/42, 17%), and a significant portion of participants
dropped out of the study (160/494, 32.4%). Overcoming such
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barriers is crucia to increase exposure to the intervention,
thereby enhancing its impact and sustainability [49].

Based on theresults presented here, this study providesvaluable
insightsthat can serve asafoundation for further research using
mHealth interventions. The advantages of mHealth
interventions, including broad coverage, cost-effectiveness, and
feasibility of implementation in the population, underscore the
potential for future studiesin thisarea. It is suggested that future
research should focus on addressing the identified challenges
to improve the effectiveness, efficiency, and scalability of
interventions. Some potential areas for improvement are (1)
using WhatsA pp (Facebook, Inc.) instead of SM Stext messages
(or in addition to SMS text messages), as it is a useful and
accepted medium among the target population; (2) using
informative material to recruit PCs; (3) improving SMS text
message reception; (4) clarifying that SMS text message
interaction has no cost; and (5) including resubscription for
loss/change of maobile phone (Table 2).

Another valuable lesson learned is the importance of engaging
key health care providers[50] and identifying informal strategies
to recruit participants during emergency situations [33].
Furthermore, we have observed that mHealth interventions
during lockdowns may represent the sole means of supporting
socioeconomically vulnerable populations, who were often the
hardest hit [51].

Conclusions

The findings contribute to the existing evidence on the
opportunities and limitations associated with mHealth
interventions for BCC aimed at enhancing knowledge and
practices related to PA and HF among caregivers of infants.
Integrating mobile phone technology into BCC interventions
facilitatesthe promotion of healthy lifestyles, particularly during
emergency situations and among vulnerable populations.
Moreover, the integration of effectiveness and implementation
findings is valuable for optimizing mHealth interventions in
particular settings, enhancing their sustainability, and fostering
their application in diverse contexts [52].
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