
172

Innovative monitoring of therapeutic adherence in children with 
persistent asthma through text messaging
Roxana Aznaran-Torres1*, Natalia Nombera-Aznaran2, Milagros Nombera-Aznaran2, 
and Omar Aznaran-Torres3

1Postgraduate School, Universidad Privada Antenor Orrego, Trujillo; 2School of Medicine, Universidad Peruana Cayetano Heredia, Lima; 3School of 
Electronic Engineering, Faculty of Electronic and Electrical Engineering, Universidad Nacional Mayor de San Marcos, Lima. Peru

Boletín Médico del  
Hospital Infantil de México

RESEARCH ARTICLE

Abstract

Background: Approximately 25% of children with asthma experience uncontrolled symptoms, leading to frequent exacerba-
tions, emergency visits, systemic corticosteroid use, unnecessary antibiotic prescription, and increased mortality risk. Poor 
treatment adherence is a critical factor hindering asthma control. This study aimed to implement and evaluate therapeutic 
adherence in children with persistent asthma through a technological solution based on short message service (SMS) 
reminders sent to patients’ mobile phones and receiving their responses to optimize disease management and follow-up. 
Method: We conducted a quasi-experimental pilot study with 28 children to develop the software RoxySMS for remotely 
monitoring therapeutic adherence in a tertiary hospital. Participants included caregivers of children aged 5-14  years with 
persistent asthma requiring daily inhaled corticosteroids alone or with long-acting beta-agonists. Caregivers needed a pos-
tpaid mobile phone for SMS communication. Outcome evaluators and data analysts were blinded to the intervention. 
Results: The software achieved an average response percentage of 80.8%, with individual responses ranging from 37.9% 
to 98.9%. On average, 50% of messages were answered immediately (5-87%), 24% within 15-60 min (2-55%), and 26% within 
1-24 h (2-84%). Conclusions: RoxySMS successfully automated message delivery, validating it as a viable and cost-effective 
tool for monitoring adherence in chronic conditions, such as asthma, particularly in resource-limited settings.
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Monitoreo innovador de la adherencia terapéutica en niños con asma persistente a 
través de mensajes de texto

Resumen

Introducción: Aproximadamente el 25% de los niños con asma tienen síntomas no controlados, lo que lleva a exacerbacio-
nes frecuentes, visitas a urgencias, uso de corticosteroides sistémicos, prescripción innecesaria de antibióticos y aumento 
del riesgo de mortalidad. La mala adherencia al tratamiento es un factor crítico que dificulta el control del asma. Este estu-
dio tuvo como objetivo implementar y evaluar la adherencia terapéutica en niños con asma persistente mediante una solu-
ción tecnológica basada en recordatorios por SMS enviados a los teléfonos móviles de los pacientes, y recibir sus 
respuestas para optimizar el manejo y el seguimiento de la enfermedad. Método: Estudio piloto cuasiexperimental con 
28 niños para desarrollar el software RoxySMS de monitoreo remoto de la adherencia terapéutica en un hospital de nivel 
terciario. Los participantes fueron cuidadores de niños de 5 a 14 años con asma persistente que requerían corticosteroides 
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Introduction

Asthma is a chronic disease that affects approximately 
10% of children and adolescents worldwide1. This clinical 
syndrome poses a global health problem with negative 
consequences for children, their families, and the State. 
The symptoms of asthma can significantly impact a 
child’s quality of life2, leading to frequent school absences 
and a heightened risk of anxiety3, and depression4. In 
addition, the economic burden is considerable, resulting 
in reduced parental productivity and increased health-
care utilization5. Approximately 25% of children with 
asthma experience uncontrolled symptoms1, character-
ized by frequent exacerbations, emergency department 
visits, systemic corticosteroid use, antibiotic prescrip-
tions, and an elevated risk of mortality6.

Many studies have demonstrated the effectiveness of 
inhaled corticosteroids (ICS) for ongoing treatment in 
most pediatric patients with persistent asthma7,8. 
However, despite the availability of various ICS formu-
lations, delivery devices, and evidence-based guide-
lines8, a significant number of patients remain difficult 
to control. Poor adherence to treatment is identified as 
a key factor contributing to inadequate asthma control9, 
accounting for 24% of exacerbations and 60% of asth-
ma-related hospitalizations10.

It is crucial to understand the extent of the problem 
within our pediatric population to effectively address the 
issue of non-adherence. Adherence rates to ICS are 
generally low, ranging from 28% to 73%11, depending 
on the evaluation method used, each of which offers 
different levels of validity and objectivity. Self-reports, 
daily diaries, and prescription refill data often overesti-
mate adherence due to social desirability bias, recall 
errors, and behaviors, such as “dose dumping”12. While 
electronic monitoring devices (EMDs) provide the most 
objective measure by accurately recording inhaler use13, 
they are often costly for both patients and researchers 
and are frequently unavailable in low-and middle-income 
countries (LMIC), such as Peru. Therefore, using alter-
native methods for monitoring adherence based on 

mobile technology services is innovative and may pro-
vide indirect adherence records by serving as reminders 
to patients undergoing asthma treatment.

Mobile technology includes short message service 
(SMS), a communication tool provided by mobile net-
work operators alongside voice services. SMS typically 
has broader coverage than data services (internet 
access) and is supported by all mobile phones, whether 
smartphones or basic models, old or new. This broad 
compatibility explains why SMS remains predominant 
in rural and low-density areas and continues to be 
widely used in urban settings. Its reliability and acces-
sibility make SMS particularly important in LMICs, such 
as Peru, where poor signal quality or lack of internet 
access limits other communication options. As a result, 
SMS emerges as an affordable and inclusive alterna-
tive, serving all socioeconomic levels with coverage 
determined only by the mobile network operator.

Our objective is to implement and evaluate therapeu-
tic adherence and provide reminders for children with 
persistent asthma using a technological solution based 
on sending SMS reminders to patients’ phones and 
receiving (recording) their responses.

Method

Study design, setting and participants

We conducted a quasi-experimental pilot study at a ter-
tiary hospital in Trujillo, Peru to develop a software tool for 
remotely monitoring therapeutic adherence in children with 
persistent asthma, analyzing its use over a 3-month period 
starting in July 2023-August 2024. The study followed the 
TREND guidelines for quasi-experimental research14. 
Participants included mothers or caregivers of children and 
adolescents aged 5-14  years diagnosed with persistent 
asthma who required daily treatment with ICS, either alone 
or in combination with long-acting beta-agonists. Mothers 
were required to have a postpaid mobile phone capable of 
sending and receiving messages.

inhalados diarios solos o con agonistas beta de acción prolongada. Los cuidadores necesitaban un teléfono móvil pospago 
para la comunicación mediante SMS. Los evaluadores y los analistas de datos desconocían la intervención. Resultados: El 
software logró un porcentaje promedio de respuesta del 80.8%, con respuestas individuales que variaron entre el 37.9% y 
el 98.9%. En promedio, el 50% (5-87%) de los mensajes fueron respondidos de inmediato, el 24% (2-55%) en 15-60 minutos 
y el 26% (2-84%) en un plazo de 1-24 horas. Conclusiones: RoxySMS automatizó exitosamente la entrega de mensajes, 
validándose como una herramienta viable y rentable para monitorear la adherencia en enfermedades crónicas como el asma, 
en especial en entornos con recursos limitados.

Palabras clave: Asma. Mensajería de texto. Adherencia a la medicación. Software.
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Sample

Given the exploratory nature of this pilot study, we did 
not calculate a sample size and used convenience sam-
pling to include all participants who met the criteria 
during the study period.

Software

To design and develop the software, the following 
methodologies were applied using a waterfall model:
–	Requirements: we assessed the study’s technologi-

cal requirements, considering factors, such as the 
number of participants, customization, simplicity, and 
cost-effectiveness. Then, we developed a software 
tool, RoxySMS (Read, Obey, and teXt okeY), with the 
following objectives: (a) to automate the process of 
sending visual reminders through SMS, removing the 
need for manual intervention, and delivering mes-
sages to a list of patients at scheduled times; (b) to 
manage a list of patients scheduled to receive these 
SMS alerts; and (c) to receive and store patient 
responses confirming message receipt and adher-
ence to the recommended dosage

–	Software design and architecture: the RoxySMS 
algorithm follows the steps outlined in the flowchart 
(Fig. 1) first loads a list of patients and then verifies 

if each entry falls within the treatment date range. If 
an entry is outside this range, the algorithm moves 
to the next entry. For entries within the range, an 
SMS is sent to the patient’s phone with the message: 
“if you want to stay healthy, you must use your 
inhaler.” This process continues until all entries on 
the list have been processed. The researcher-designed 
message is intended to remind patients to use their 
inhalers and is sent daily at 7 pm throughout the 
3-month treatment period

–	 Implementation and execution: the RoxySMS soft-
ware tool was implemented on a smartphone with an 
Android operating system. The phone is equipped 
with a SIM card with call credits and is associated 
with a postpaid mobile plan. In addition, the smart-
phone is continuously connected to a computer run-
ning the RoxySMS program. The hardware connection 
between the two devices is established through a 
USB cable, while the software interface is managed 
through Android debug bridge. Figure 2 illustrates the 
connection setup and the software architecture.

Procedures

All mothers or caregivers provided informed consent 
before participating in the study. Participants were noti-
fied that a daily reminder message would be sent at the 

Figure 1. Roxy short message service flowchart.
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same time each day. Each night, an automated SMS is 
sent with the message: “if you want to stay healthy, you 
must use your inhaler,” and caregivers confirm receipt 
by replying “OK.” Outcome evaluators and data analysts 
were blinded to the intervention. An online survey was 
conducted at the end of the study to explore partici-
pants’ satisfaction with the intervention.

Variables

The data collection process involved administering a 
survey at the beginning of the study to collect the follow-
ing information: age, sex, nutritional status, comorbidi-
ties, age of the mother/caregiver, educational level of the 
mother/caregiver, marital status of the mother/caregiver, 
occupation of the mother/caregiver, number of household 
members, diagnosis, and received medication.

To evaluate the response engagement of the patient 
with the RoxySMS software in treatment monitoring, we 
defined the following metrics:
–	Total messages sent (TMS): The number of SMS 

messages that were sent to a patient. It is an individ-
ual metric per patient
	 •  TMS = TMR + TMNR	 (1)

–	Total messages responded (TMR): The number of 
messages that received an “OK” response from the 
patient. It is an individual metric per patient
	 •  TMR = TMRI + TMRT + TMRD	 (2)

–	TMR Immediately (TMRI): The number of messages 
that received an “OK” response from the patient within 
the first 15 min after the SMS notification was sent

–	TMR Timely (TMRT): The number of messages that 
received an “OK” response from the patient between 
15 and 60 min after the SMS notification was sent

–	TMR Delayed (TMRD): The number of messages that 
received an “OK” response from the patient between 
1 and 24 h after the SMS notification was sent

–	Total messages not responded (TMNR): The number 
of messages that remained unanswered by the patient 
within 24 h of the SMS notification being sent

–	Response percentage (RP): An individual metric cal-
culated for each patient, representing the ratio of total 
“OK” responses received to the total number of SMS 
messages sent
	 •  RP = (TMR/TMS) × 100%	 (3)

–	Average RP (ARP): The average percentage of “OK” 
responses to SMS messages from all patients within 
24 h.

Statistical analysis

The baseline characteristics of the study population 
were tabulated overall. To describe the data, we used 
percentages for categorical variables and medians and 
interquartile ranges for continuous variables. The statis-
tical analysis was performed with R Statistical language 
for Windows (version 4.1.2; R Core Team, 2021).

Ethics statement

The study protocols were approved by the Ethics 
Committee of Universidad Privada Antenor Orrego 

Figure 2. Connection diagram of Roxy short message service.
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(La  Libertad, Perú) (Committee Resolution No.  0726-
2023-UPAO). The study was conducted according to the 
World Medical Association’s Declaration of Helsinki. 
Informed consent was obtained from the participants.

Results

The study included 28 children, with a median age of 
9 years, 64% of whom were male. Most had mild (54%) 
or moderate (46%) persistent asthma, and 64% were 
overweight or obese. Allergic rhinitis (64%) and atopic 
dermatitis (7%) were common comorbidities. Most 
mothers or caregivers were aged 36-45  years (61%) 
and had higher education (57%); 79% were married or 
cohabiting, and 43% were unemployed (Table 1).

The evaluation of RoxySMS software’s effectiveness 
in treatment monitoring showed an ARP of 80.8%, with 
individual responses ranging from 37.9% to 98.9% 
(Fig. 3). Furthermore, Fig. 4 shows an analysis of patient 
RP by time interval. For this purpose, we considered 
TMR and TMNR per patient and calculated their corre-
sponding TMRI, TMRD, and TMRT percentages, and 
then we averaged over each percentage within their 
corresponding time interval. Our results show that the 
mean RP for messages responded immediately (TMRI) 
was 50%, with response levels ranging from a low of 
5% to a high of 87%. For messages answered within 
15-60 min (TMRT), the mean RP was 24%, with rates 
varying between 2% and 55%. Similarly, for messages 
responded to within 1-24 h (TMRD), the mean RP was 
26%, with a range from 2% to 84%. Meanwhile, the 
mean RP for messages that did not receive a reply 
(TMNR) was 19.2%, with rates ranging from 1% to 62% 
(Fig. 4).

An online survey conducted at the end of the study 
received responses from 13 participants, all of whom 
expressed satisfaction with their participation. They 
found the reminder messages helpful and would recom-
mend them to other mothers/caregivers who administer 
inhalers to their children. In addition, the majority 
reported that the messages frequently helped them 
remember to give their child the inhaler.

Discussion

Our study implemented and evaluated therapeutic 
adherence in children with persistent asthma using a 
technological solution based on sending SMS reminders 
and receiving caregiver responses. This approach aimed 
to optimize treatment follow-up by promoting greater 
medication adherence through regular reminders that 

facilitated more consistent and efficient compliance with 
the therapeutic regimen.

The RoxySMS software achieved an ARP of 80.8%, 
showing a favorable therapeutic adherence. This percent-
age reflects the system’s ability to indirectly assess treat-
ment adherence through caregiver responses. According 
to Pearce15, adherence between 70% and 80% to pre-
scribed medication is considered adequate, placing 
RoxySMS within a positive range. Furthermore, most mes-
sages sent through RoxySMS received prompt responses, 

Table 1. Characteristics of the study participants (n = 28)

Characteristics n (%)

Age* 9 (7.9‑10)

Sex
Male
Female

18 (64)
10 (36)

Nutritional status
Malnutrition
Eutrophic
Overweight
Obesity

1 (4)
9 (32)
8 (28)

10 (36)

Comorbidities
Allergic rhinitis
Allergic rhinitis/atopic dermatitis
No comorbidities

16 (57)
2 (7)

10 (36)

Age of mother/caregiver
26‑35 years
36‑45 years
> 45 years

7 (25)
17 (61)
4 (14)

Educational level of mother/caregiver
Completed secondary
Incomplete secondary
Non‑university higher education
University higher education

8 (29)
4 (14)
5 (18)

11 (39)

Marital status of mother/caregiver
Married
Cohabiting
Divorced
Single

12 (43)
10 (36)

1 (3)
5 (18)

Occupation of mother/caregiver
Unemployed
Private sector employee
Public sector employee

12 (43)
9 (32)
7 (25)

Number of household members*

Diagnosis
Mild persistent asthma
Moderate persistent asthma

4 (4-5.3)
15 (54)
13 (46)

Medication received
Fluticasone‑salmeterol 125
Fluticasone‑salmeterol 250
Fluticasone‑salmeterol 500

3 (11)
18 (64)
7 (25)

*Median (interquartile range).
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with half arriving within the first 15  min. This result is 
significant, as an immediate response indicates a high 
level of caregiver engagement in monitoring treatment. 

Quick responses may also correlate with better adher-
ence, as timely replies could reflect greater attention to 
reminders and, consequently, better compliance with 

Figure 4. Patient response percentage by time interval.

Figure 3. Short message service response percentage among participants.
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therapeutic guidelines. In addition, the swift initial 
response highlights the ease of use of the SMS-based 
system, particularly in rural settings with limited internet 
access, reinforcing the feasibility of using simple tech-
nological interventions to enhance treatment adherence 
in children with persistent asthma.

Similarly, other reminder strategies have shown sim-
ilar effects on adherence. For instance, biweekly phone 
calls have achieved an adherence rate of 74.3%16, while 
audiovisual reminders based on EMD reported an aver-
age adherence of 84%17. These findings suggest that 
technological and educational interventions, such as 
RoxySMS, may play a crucial role in improving thera-
peutic compliance among children and adolescents with 
persistent asthma.

We emphasize that while the average adherence rate 
was high (80.8%), there was substantial variability 
among participants, with 36% falling below this thresh-
old. However, this percentage decreases to 22% when 
considering only those below 70%, the adequate adher-
ence range defined by Pearce15. Even so, this indicates 
a moderate level of non-adherence despite the overall 
high average. Consistent with previous studies that 
found no association between non-adherence and 
socioeconomic factors18,19, our analysis did not identify 
significant relationships with any of the factors studied, 
including maternal/caregiver age, occupation, education 
level, and marital status (Supplementary data 1). 
However, our limited sample size may have reduced the 
statistical power to detect, such associations. Future 
research with a larger sample size is needed to further 
explore these relationships.

This study has several limitations. The small sample 
size and short duration (3 months) limit the generaliz-
ability and may not capture long-term adherence pat-
terns. The reliance on SMS technology could be affected 
by delivery failures, network issues, or variability in 
response times. In addition, the lack of direct supervi-
sion over participants during the study period could 
have influenced the accuracy of the findings. The 
absence of baseline measurements or a control group 
prevents us from definitively attributing improvements in 
adherence to the intervention. However, as a pilot study, 
our primary objective was to evaluate feasibility and 
implementation. Future studies with a comparative 
design should consider incorporating variables, such as 
socioeconomic status to provide a more comprehensive 
analysis.

This study’s strengths include the innovative use of 
an SMS-based tool to monitor adherence in children 
with persistent asthma, offering a cost-effective solution 

in low-resource settings, such as Peru. Furthermore, 
it is the first study in Latin America to explore this 
approach.

Conclusion

The RoxySMS tool successfully automated message 
delivery, validating it as a viable, cost-effective option 
for monitoring adherence in chronic diseases, such as 
asthma, especially in resource-limited settings. Its 
accessibility and high utilization rate support its role in 
improving clinical outcomes by reminding patients to 
take their medication. Further studies with larger sam-
ples and longer follow-ups are recommended to assess 
its long-term impact in diverse clinical contexts.

Acknowledgments

The authors thank Dr.  José Nombera, the children, 
and their caregivers for their invaluable participation and 
contribution to this study.

Funding

The authors declare that they have not received 
funding.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical considerations

Protection of humans and animals. The authors 
declare that the procedures followed complied with the 
ethical standards of the responsible human experi-
mentation committee and adhered to the World 
Medical Association and the Declaration of Helsinki. 
The procedures were approved by the institutional 
Ethics Committee.

Confidentiality, informed consent, and ethical 
approval. The authors have followed their institution’s 
confidentiality protocols, obtained informed consent 
from patients, and received approval from the Ethics 
Committee. The SAGER guidelines were followed 
according to the nature of the study.

Declaration on the use of artificial intelligence. 
The authors declare that no generative artificial intelli-
gence was used in the writing of this manuscript.



179

R. Aznaran-Torres et al.  Adherence in children with asthma

Supplementary data

Supplementary data are available at DOI: 10.24875/
BMHIM.24000154. These data are provided by the cor-
responding author and published online for the benefit 
of the reader. The contents of supplementary data are 
the sole responsibility of the authors.

References
	 1.	 The Lancet Child Adolescent Health. Asthma care for all: mind the mis-

sing middle years. Lancet Child Adolesc Health. 2023;7:367.
	 2.	 Wang Z, Li Y, Gao Y, Fu Y, Lin J, Lei X, et al. Global, regional, and 

national burden of asthma and its attributable risk factors from 1990 to 
2019: a systematic analysis for the Global burden of disease study 2019. 
Respir Res. 2023;24:169.

	 3.	 Ye G, Baldwin DS, Hou R. Anxiety in asthma: a systematic review and 
meta-analysis. Psychol Med. 2021;51:11-20.

	 4.	 Kulikova A, Lopez J, Antony A, Khan DA, Persaud D, Tiro J, et al. Mul-
tivariate association of child depression and anxiety with asthma outco-
mes. J Allergy Clin Immunol Pract. 2021;9:2399-405.

	 5.	 Nurmagambetov T, Kuwahara R, Garbe P. The economic burden of Asthma 
in the United States, 2008-2013. Ann Am Thorac Soc. 2018;15:348-56.

	 6.	 Stephenson P, Shields M. Asthma deaths: we need to identify risk factors 
early and construct at-risk asthma registers. Prim Care Respir J. 2012; 
21:13-4.

	 7.	 Ye Q, He XO, D’Urzo A. A review on the safety and efficacy of inhaled 
corticosteroids in the management of asthma. Pulm Ther. 2017;3:1-18.

	 8.	 Hossny E, Rosario N, Lee BW, Singh M, El-Ghoneimy D, Soh JY, et al. 
The use of inhaled corticosteroids in pediatric asthma: update. World 
Allergy Organ J. 2016;9:26.

	 9.	 Vervloet M, Van Dijk L, Weesie YM, Kocks JW, Dima AL, Korevaar JC. 
Understanding relationships between asthma medication use and outco-
mes in a SABINA primary care database study. NPJ Prim Care Respir 
Med 2022;32:43.

	 10.	 Bårnes CB, Ulrik CS. Asthma and adherence to inhaled corticosteroids: 
current status and future perspectives. Respir Care. 2015;60:455-68.

	 11.	 Feldmaan JM, Kutner H, Mtte L, Lupkin M, Steinberg D, Sidora-Arcoleo K, 
et al. Prediction of peak flow values followed by feedback improves 
perception of lung function and adherence to inhaled corticosteroids in 
children with asthma. Thorax. 2012;67:1040-5.

	 12.	 Morton RW, Everard ML, Elphick HE. Adherence in childhood asthma: 
the elephant in the room. Arch Dis Child. 2014;99:949-53.

	 13.	 Ingerski LM, Hente EA, Modi AC, Hommel KA. Electronic measurement 
of medication adherence in pediatric chronic illness: a review of measu-
res. J Pediatr. 2011;159:528-34.

	 14.	 Des Jarlais DC, Lyles C, Crepaz N, The Trend Group. Improving the 
reporting quality of nonrandomized evaluations of behavioral and public 
health interventions: the TREND statement. Am J Public Health. 2004; 
94:361-6.

	 15.	 Pearce CJ, Fleming L. Adherence to medication in children and adoles-
cents with asthma: methods for monitoring and intervention. Expert Rev 
Clin Immunol. 2018;14:1055-63.

	 16.	 Chatkin JM, Blanco DC, Scaglia N, Wagner MB, Fritscher CC. Impact of 
a low-cost and simple intervention in enhancing treatment adherence in 
a Brazilian asthma sample. J Asthma. 2006;43:263-6.

	 17.	 Chan AH, Stewart AW, Harrison J, Camargo CA, Black PN, Mitchell EA. 
The effect of an electronic monitoring device with audiovisual reminder 
function on adherence to inhaled corticosteroids and school attendance 
in children with asthma: a randomised controlled trial. Lancet Respir Med. 
2015;3:210-9.

	 18.	 Burgess SW, Sly PD, Morawska A, Devadason SG. Assessing adherence 
and factors associated with adherence in young children with asthma. 
Respirology. 2008;13:559-63.

	 19.	 Chan AH, Stewart AW, Foster JM, Mitchell EA, Camargo CA, Harrison 
J. Factors associated with medication adherence in school-aged children 
with asthma. ERJ Open Res. 2016 Mar 31; 2(1):00087-2015.


	_heading=h.gjdgxs
	_heading=h.30j0zll
	_heading=h.1fob9te
	_heading=h.2et92p0
	_heading=h.tyjcwt
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.4d34og8
	_heading=h.2s8eyo1
	_heading=h.17dp8vu
	_Hlk183970133

