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Abstract
Failure to comply with therapeutic treatments implies negative repercussions for the patient's quality of life, their social 
environment, and health system. The use of information and communication technologies, especially mobile applications, has 
favored the increase in global therapeutic adherence figures. The objective of this study is to characterize the use of mobile 
applications as a strategy to increase therapeutic adherence in adults. A systematic literature review in Web of Science and 
Scopus was performed following the Preferred Information elements for Systematic Reviews and Meta-analysis. Information 
such as: the year of publication, the study population, the medical conditions of the participants, the main characteristics or 
functionalities of the mobile applications, and the methods or tools used to measure treatment adherence were extracted from 
each included article. The risk of bias was assessed. Twelve randomized controlled trials (RCTs), published in English from 
1996 to May 2021, were included. Chronic diseases have been mostly addressed through interventions with mobile applica-
tions. The most reported functions of mobile applications were reminders, educational modules, two-way communication, 
and games. Tools such as: "Morisky Medication Adherence Scale of eight items"; "Medication adherence questionnaire"; 
"Self-reported adherence"; among others, were used to evaluate and report the treatment adherence. In conclusion, includ-
ing treatment interventions using mobile applications in clinical practice has proven to be beneficial to improve therapeutic 
adherence. However, it is necessary to develop high-quality clinical trials (size and duration) to generalize results and justify 
their use in conventional health services.
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Introduction

The World Health Organization (WHO) defines therapeu-
tic adherence as the rate at which an individual’s behavior 
in relation to medicine use, consuming a healthy diet and 
changing their lifestyle corresponds to the instructions 
agreed by a health professional and a patient [1]. Adher-
ence differs from compliance in the active role played by 
the patient and the professionals throughout the entire 
process [2]. Nonadherence to treatment has become an 
issue in clinical care, which transcends disease; a study 
estimates that 20–50% of patients do not follow the treat-
ment plan appropriately [3]; a meta-analysis reported the 
rate of therapeutic nonadherence, on average, was 24.8%, 
yet it depended on the seriousness of the pathology [4]. 
The WHO estimates that in developed countries thera-
peutic adherence to long-term therapies or therapies for 
chronic conditions, on average, is 50% [1]. Furthermore, it 
has been discovered that nonadherence concerns not only 
patients but also the healthcare system in terms of high 
costs, clinical complications, hospital readmissions and 
loss of human talent [5]. Poor adherence is responsible 
for 5 and 10% of hospital admissions, 2.5 million medi-
cal emergencies and 125,000 deaths in the United States 
every year [6].

At present, digital health and the information and com-
munication technologies (ITCs) for health care are used 
to promote equal and universal access to health services 
[7]. The WHO acknowledges in its recently published 
Global strategy on digital health 2020–2025, that ICTs 
are innovation elements and facilitators for ensuring health 
intervention all over the world [8]. ICTs, in particular 
mobile health (mHealth), are widely used for remote care, 
treatment of chronic conditions, communication between 
health professionals and patients and monitoring of inter-
vention plans [9–12]. Considering this, some systematic 
reviews discovered that the use of applications for smart-
phones (APPs) has the advantages of accessibility, lower 
costs and a variety of functions to treat conditions in the 
short-term and the long-term. Additionally, other mHealth 
interventions such as the short message service (SMS) and 
electronic pill boxes can also have a positive effect on 
pharmacological adherence [13, 14]. However, there is 
scant evidence of the use of APPs effectively improving 
therapeutic adherence under different health conditions.

The main purpose of this systematic review is to 
describe the APP functions that proved a positive effect 
on therapeutic adherence, as well as to describe the tools 
used for assessing adherence and the results thereof. 
Secondarily, it is to figure out chronicity of APP inter-
ventions and to sort them into pharmacological and non-
pharmacological interventions.

Methods

Literature review

A systematic literature review was conducted from various 
databases following the items in the Preferred Reporting 
Items for Systematic reviews and Meta-Analyses (PRISMA) 
[15]. The electronic databases included were the following: 
Web of Science and Scopus, for studies published between 
1996 and May 2021. Moreover, a manual search was carried 
out among the lists of references of the articles included. The 
search strategy included combinations of terms related to the 
use of technologies in health -Telemedicine OR Telehealth 
OR eHealth OR mHealth-, mobile devices -Mobile Applica-
tions OR Smartphone-, adherence to treatment -Adherence 
OR “Treatment Adherence and Compliance”- and adult 
population -Adult OR Aged OR Elder. MeSH terms, key 
words and thesaurus were used for reducing the possibility 
to miss any relevant studies. The search was restricted to 
publications in English and Spanish.

Study selection

Following the first search, the selection of studies was 
made in three phases. First, duplicates of publications were 
removed by Zotero® software Version 5.0.89 (Center for 
History and New Media at George Mason University). Sec-
ond, the titles and summaries were examined according to 
the following inclusion criteria: studies reporting on rela-
tions between the factors of interest –adherence to treatment 
and mobile applications-, publications written in English 
and Spanish, articles published in magazines cataloged and 
reviewed in pairs. Third, the full texts of potentially relevant 
studies were thoroughly reviewed considering the inclusion 
and exclusion criteria for final analysis.

Inclusion and exclusion criteria

The inclusion criteria in the review were: adult participants 
(≥ 18 years), a treatment developed with mobile applica-
tions, control groups had to undergo conventional treatment 
-not using any APP. The experimental and control groups 
were both provided with data on adherence to treatment, 
the study design was randomized controlled trial (RCT), the 
articles were published in English or Spanish and, finally, 
the results were classified into: types of treatments, major 
features of the mobile application or tools used for measur-
ing adherence to treatment.

Studies were excluded for they included participants aged 
under 18, conventional treatments developed for health pro-
fessionals or results limited to cost utility and cost effective-
ness. Also, because they reported adherence to interventions 
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in health promotion and prevention not considered as treat-
ment plans. Articles issued as summaries, posters and bill-
board posters for lectures were dismissed as well.

Data collection

Data were collected by means of a customized matrix which 
included the features of the studies –year and country of 
the study, study design, sample size, health condition of 
the population, participants’ features, name of the mobile 
application, APP features; scales or tools used for measuring 
adherence to treatment.

Risk of bias assessment

The risk of bias helped to assess validity of the results of the 
study and analyze whether they show reliable evidence for 
interpretation [16]. Two proofreaders assessed each article 
here individually. Any disagreement was resolved through 
discussion between the authors until they reached an agree-
ment. It is considered that the studies’ risk of bias is not 
noticeably clear for an item, as far as the main article did 
not provide with enough information for proofreaders to be 
categorical about a high or low risk of bias.

Results

The first search returned 3,025 potentially eligible studies. 
After removing duplicate, 1,202 studies were examined by 
their titles and summaries. 63 were considered eligible and 
their whole contents were read for evaluation purposes. 
Out of these, 12 studies reported eligible data for inclu-
sion of the analysis [17–28]. The selection process and the 
reasons for exclusion are stated in flow diagram (Fig. 1).

Study features

Most of the studies were conducted in the last four years 
(2018–2021) over diverse areas: Asia (41.66%), Europe 
(33.3%) and North America (25%). RCT sample size var-
ied from 36 to 480, with a median of 117.5. The main 
health conditions of the patients who received APP-based 
treatment were: coronary heart disease (25%), cancer 
(17%), hypertension (17%) and diabetes (17%), among 
others. Monitoring intervals of APP interventions varied 
from 12 months (17%) to 0.75 months –3 weeks- (8%) 
(Table 1).

Fig. 1   PRISMA flow diagram 
for systematic reviews Records identified through 
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Characteristics of the Mobile Applications

The studies defined the features of the APP used for inter-
vention to increase therapeutic adherence. 67% of the studies 
(n = 8) reported on the reminder system, which allows to set 
a calendar [18, 28] and send alarms to patients at scheduled 
times to remind them to take their medication and of upcom-
ing appointments, among others [17–28]. 58% (n = 7) referred 
to automated education, which is based on providing the user 
with information about the condition, symptoms, medicine 
use, importance of following the treatment, side effects of 
medication, psycho-social and confrontation strategies [17, 
18, 20–23, 26]. Almost 17% (n = 2) of the studies mentioned 
the frequent asked questions [18, 22]. The function related to 
uploading evidence was reported by 8% of the studies –this is 
about sending a picture of the medicine in the patient’s hand 
through the APP [19]. Furthermore, a study combined inter-
vention and bidirectional communication functions, by means 
of emails, text messages or video calls [17]. To conclude, one 
study used an APP for intervention through a game. The game 
included training options, recommendations to promote physi-
cal activity, tracking and treatment monitoring [24]. Informa-
tion about “Patients use of the mobile applications” in Sup-
plementary Table.

Tools for Measuring Adherence to Treatment

Two out of the twelve studies measured adherence accord-
ing to the Morisky Medication Adherence Scale [20, 22]. 
The rest of the studies used other tools: Medication adher-
ence questionnaire [23]; Self-reported adherence [17]; Oral 
Chemotherapy Adherence Scale [18]; Adherence starts 
with knowledge-12 [25]; Medication adherence rating 
scale [26]; Voil’s Medication Nonadherence Rating Scale 
[27]. Some of the remaining studies reported on adherence 
based on the number of medicines taken [19, 28], whereas 
others took into consideration the APP usage data [21, 24] 
(Table 2).

Risk of Bias

The quality of twelve RCTs [17–28] was summarized in a table 
of risk of bias (Table 3). Ten studies [17–24, 26, 27] reported 
on the generation of random sequences. A study mentioned 
that participants where blinded [17]. Additionally, four studies 
remarked that a perfect blinding was not possible [18, 21, 22, 
25]. A study did not refer to whether the results were influ-
enced by the blindness [26] and six studies introduced partial 
data thereof [17–21, 27, 28].

Table 3   Summary of the risk of bias assessment

Selection bias Performance 
bias

Detection 
bias

Attrition 
bias

Reporting 
bias

Other 
biases

Sequence 
generation

Allocation 
concealment

Blinding of 
study 

participants and 
personnel

Blinding of 
outcome 
assessors

Incomplete 
outcome 

data

Selective 
outcome 
reporting

Other 
biases

Puig, J., Echeverría, P., et al. [17] ● ● † ‡ ● ● ●
Eşer, A. K., & Alkaya, S [18] ● ‡ † ‡ ● ● ●
Riegel, B., Stephens‐Shields, A., et al. [19] ● † ● ● ● ● ●
Gong, K., Yan, Y., et al. [20] ● † † ‡ ● ● ●
Hauser-Ulrich, S., Künzli, H., et al. [21] ● ‡ † † ● ● ●
Boyd, A. D., Ndukwe, C. I., et al. [22] ● ‡ ● ‡ ● ● ●
Zhu, X., Li, M., et al. [23] ● † ● ● ● ● ●
Höchsmann, C., Infanger, D., et al. [24] ● † ● † ● ● ●
Huang, Z., Tan, E., et al. [25] † ‡ ● ● ● ● ●
Kim, H. J., Kim, S. M., et al. [26] ● † ‡ ‡ ● ● ●
Ni, Z., Liu, C., et al. [27] ● † † ‡ ● ● ●
Márquez, C. E., Márquez, R. S., et al. [28] † † † ‡ † ● ●

Low risk of bias ● Bias unlikely to alter the outcomes significantly

Unclear risk of bias † Bias raising doubts about the outcomes

High risk of bias ‡ Bias seriously affecting outcome reliability
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Discussion

This review served for identification of a series of APP func-
tions which showed a positive effect on therapeutic adher-
ence. Automated educational functions were the most used 
in all applications resulting in favorable changes towards 
therapeutic adherence. This has been supported by several 
studies proving that those educational interventions help 
behavioral change by improving communication between 
patients and health professionals, which increases therapeu-
tic adherence as well [29, 30]. The second APP function in 
rank was the medication reminder. A number of studies have 
considered this strategy with the aim of ensuring compliance 
of pharmacological treatment [31, 32]. However, there are 
some limitations regarding the use of reminders: people may 
become dependent on them for taking their medicines, which 
could lead to failure because of error in the APP, Internet 
access issues, low battery or inattention. In light of this, APP 
intervention shall include behavioral strategies to encourage 
patient autonomy and self-management of treatments, caus-
ing the APP to be simply a support tool.

There was also evidence on why an APP designed to 
improve therapeutic adherence should consider including 
other functions such as a calendar [to remember start and 
end dates of treatments, appointments, tests and therapies], 
bidirectional communication with health professionals and 
games offering feedback about the knowledge acquired. 
Finally, it is worth highlighting that a dynamic, interactive 
and creative presentation of the information guarantees 
better comprehension among people with low literacy lev-
els and bridges the access gap in basic communication.

As for the tools for measuring adherence to treatment, 
they were of diverse types and most of them were validated 
psychometric tools, which enabled the identification of 
patterns of adherence after detecting the profiles of those 
patients likely to adhere. Nevertheless, it is important to 
always remember that the outcomes rely on the patient’s 
subjectivity and honesty. Therefore, they should be matched 
according to the results from medical tests to say whether the 
findings are trustworthy. Furthermore, four studies made use 
of other indirect methods such as the percentage of medi-
cines taken over a period, the total amount of medicines 
yet to be taken or data usage indicators. The method based 
on the percentage has been validated and it is considered 
as an objective and reliable method [33, 34]. Nonetheless, 
this method does not allow to identify possible reasons for 
treatment incompliance or withdrawal. Last, choosing the 
right measurement method in essential to ensure trustworthy 
results, since the decision shall be made based on the health 
condition, the type of intervention and the behavior subject 
to assessment. Besides, the method shall avoid the overesti-
mation and underestimation of the results.

The analysis of the measurement instruments showed that 
therapeutic adherence improves in direct proportion to fac-
tors like intervals between monitoring and the type of inter-
vention. These two factors are matched to statistically sig-
nificant changes regarding the increase in adherence among 
the experimental groups. The first one applies to intervals 
between monitoring: the more patients use the APP, the better 
adherence to therapy. This is in relation to a study about the 
consolidation of new habits and the automation of new con-
ducts, which reports that the average time necessary to reach 
95% of automaticity is 66 days, ranging from 18 to 254 days 
[35]. This suggests that APP intervention shall be consistent 
for people to achieve their automaticity limit with respect to 
the expected behavior. The second factor concerns pharma-
cological interventions, as they proved to have greater sig-
nificance in comparison with the non-pharmacological ones. 
It is easier to improve medication adherence than achieving 
a health-related behavioral change. Marilyn Rice acknowl-
edges that providing people with information on the posi-
tive or negative effects of a particular behavior is not enough 
to cause a change; motivation plays a vital role in enabling 
that change, which is crucial for the success of the interven-
tion [36]. Hence, APPs shall include attractive, significant 
contents –based on the context- that motivate patients to use 
them in a conscious consistent way.

To conclude, at the time of defining the diverse health 
conditions subject to APP intervention, the vast majority 
turned out to be chronic diseases. It is acknowledged that 
patients suffering from chronic disease need a treatment 
based on highly accurate information, education, manage-
ment and communication proceedings and therefore APPs 
are considered as a suitable strategy for favoring commu-
nication channels, allowing information to be exchanged in 
an easy, quick, accessible and comprehensible manner. Two 
types of intervention were considered: pharmacological 
and non-pharmacological intervention. This implies that 
APPs have distinctive features for improving therapeutic 
adherence. Regarding the pharmacological interventions, 
100% of them featured the medication reminder function, 
62.5% included educational contents and 25% offered bidi-
rectional communication. Clinical care guidebooks recom-
mend using APPs with reminders to reduce involuntary 
nonadherence [31, 32]. As for the non-pharmacological 
interventions, 100% of the APPs included educational 
contents and cognitive, physical and emotional training. 
According to Becker et al. [37], non-pharmacological treat-
ments require strategies to change habits and conducts 
connected to patients’ self-care processes. The abovemen-
tioned APP functions may be beneficial for caregivers, rela-
tives and health professionals, since the entire social envi-
ronment improves when patients act in a health-conscious, 
aware and consistent manner.
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Limitations

The use of APPs is an innovation strategy for many patients; 
however, a limitation may exist with regards to usage. The 
number of elders using smartphones may be small due to low 
digital literacy levels, which prevents them from using this 
kind of mobile tools appropriately. This could also retard the 
development of new digital strategies, as old adults are the 
users in need of most of these interventions.

Conclusion

Most of the studies reviewed reported that, in compari-
son to conventional interventions to increase therapeutical 
adherence, the strategy involving the use of mobile applica-
tions showed a noticeable, and in some cases statistically 
significant, improvement. The results suggest that the use 
of mobile applications may be a choice in the professional 
practice in the future for monitoring treatment, increasing 
therapeutical adherence, broadening knowledge of the spe-
cific condition and improving patient-health professional 
communication. The mobile application functions that con-
tributed to achieve these goals were: medication reminders, 
educational items, bidirectional communication, calendars 
and games. The application of APP interventions to clini-
cal care has proved to be beneficial to improve therapeutic 
adherence. Nevertheless, it is necessary to develop high-
quality clinical trials to generalize about the results and 
justify its introduction to the conventional health services.
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