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Abstract

Obijective: To review the evidence of the mobile apps in collection
pafient-reported outcomes and their impact on health outcomes.
Method: A review was conducted of the literature on apps aimed
at collecting patient-reported outcomes. Selected articles were required
to consider the apps’ impact on patients’ health outcomes. The search
was carried out during April 2021 in Pubmed and Embase using the
search terms “app’, “mobile applications” , “patient-reported outcomes”,
"outcome assessment, health care”, and “quality of life”, To be inclu-
ded arficles had to be written in English or Spanish and they were required
to dwell on apps used by patients, family members and/or caregivers
that measured at least one health outcome. No time restrictions were
applied.

Results: Of the 26 articles reviewed, 19 (73.1%) were clinical trials,
4 (15.4%) were quasi-experimental studies, and 3 (11.5%) were observa-
tional studies. A pharmacy department was involved in 4 studies (15.4%),
and 3 (11.5%), were carried out in Spain. The sample size ranged from
14 to 411. Depending on the study population, the most frequent studies
included cancer patients (42.3%) and patients with cardiovascular disea-
ses [26.9%). Most of the studies focused on measuring the impact of the
app on the patients’ quality of life (50.0%), control of clinical parame-
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Resumen

Objetivo: Realizar una revision sobre la evidencia de las aplicaciones
moéviles en el registro de los patientreported outcomes y su impacto en
los resultados en salud.

Método: Revision de la literatura sobre los estudios de aplicaciones
orientadas al registro de patientreported outcomes y que analizaran
su impacto en los resultados en salud de los pacientes. la bisqueda
se realizd en abril de 2021 en Pubmed y Embase con los términos
"App’, "Mobile Applications”; “Patient Reported Outcomes”; “Outcome
Assessment, Health Care”; “Quality of life". Se incluyeron articulos publi-
cados en inglés o espafiol sin limite de tiempo y que incluyeran aplicacio-
nes cuyos parficipantes fueran pacientes, familiares y/o cuidadores y que
midieran algin fipo de resultado en salud.

Resultados: De los 26 arficulos revisados, 19 (73,1%] fueron ensayos
clinicos, 4 (15,4%) estudios cuasiexperimentales y 3 (11,5%) estudios obser
vacionales. En 4 estudios (15,4%) estaba implicado un servicio de farmacia
y en 3 (11,5%) el estudio fue realizado en Espafia. El tamafio muestral varié
de 14 a 411. En funcién de la poblacion de estudio, los mds frecuentes
incluyeron pacientes oncolégicos (11 [42,3%] esfudios) y pacientes con
pafologias cardiovasculares (7 [26,9%] estudios). La mayoria de los estudios
se cenfraron en la medicién del impacto de las aplicaciones en términos
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ters (46.2%), adherence (38.5%), and management of symptoms and/or
reduction of complications (26.9%). Overall efficacy in terms of the per-
centage of studies where apps were found to result in a significant impro-
vement was 73.1%. The most heavily impacted patient-reported outcomes
were adherence, health-related qudlity of life and satisfaction.
Conclusions: There is emerging evidence that apps have a positive
impact on patients’ health outcomes. These tools have shown fo lead to
an improvement in the management of different conditions, with results
showing a reduction in complications rafes and in the consumption of
resources as well as better adherence to medication and enhanced
patient quality of life.

Introduction

Use of mobile applications (or apps) in healthcare has experienced an
exponential increase in recent years, with over 350,000 apps being avai-
lable at the present time!. Many of these apps have numerous advantages
for improve patient care. They also enable healthcare providers to access
clinical information in real time and they provide patients with the possibility
to remotely manage their disease, allowing them to play a more active role
in looking affer their health??.

The apps’ most popular features include being able to access health
information and resources, communicating with healthcare providers, con-
trolling symptoms and keeping track of patient adherence to their medi-
cation, among other clinical data*®. The ferm patientreported outcomes
[PROs) refers to health outcomes such as quality of life, functional status,
health status, safisfaction, etc. that are reported by patients without being
inferprefed by a healthcare provider®®. Thus, PROs allow patients to provide
subjective information about their disease or their treatment, taking on a
more proactive role and contributing to the promotion of patient-centered
medicine®.

Use of apps may increase the efficiency of the process involved in recor
ding and moniforing PROs by bringing down hurdles such as consumption
of resources, lack of time and the difficulty to implement a realtime conti-
nuous registry”!". For that reason, the recording of data is one of the features
of these apps that contributes the highest added value in following up on
chronic patients®'?. These data, which may be recorded automatically or
infroduced by the patients themselves, may be transformed info valuable
information for clinicians, who may use them as valuable decision-making
tools, improving the quality of care afforded to patients without the latter
having to fravel to their health center. Chronic conditions such as diabetes,
Parkinson’s disease, cardiovascular disease and cancer, which require con-
tinuous monitoring by healthcare providers, can especially benefit from this
kinds of fools' 1314,

Apps have shown that they can lead fo improved health outcomes in
pafients with the above mentioned conditions. Such improvements may
range from greater safisfaction levels to a decrease in the number of com-
plications or even fewer hospital admissions. A case in point is that of the
e-Oncosalud app, aimed at patients on freatment with oral antineoplastics,
which has been shown fo reduce drugrelated problems (DRPs), increase
adherence fo treatment, enhance health-related quality of life and reduce
the consumption of resources in these patients'®. Nonetheless, the apps that
allow recording and monitoring of PROs are in the minority, which means
that there is Little evidence on the ability of patientargeted apps to improve
their health outcomes® 1316,

The purpose of this study was fo carry out a review of the available
evidence on the role of mobile apps in PRO registration and on the impact
that using such apps may have on health outcomes.

Methods

A literature search was conducted for studies on apps aimed at recor-
ding PROs, which also analyzed the impact of the app itself on patient-
related oufcomes.

The search was carried out in the course of April 2021 in Medline
[through Pubmed) and Embase. The search terms used were “app’, ‘mobile
applications’, ‘patient reported outcomes’, “outcome assessment, health
care” and ‘quality of life." The search was performed for dll fields, adapting

de calidad de vida (50,0%), control de pardmetros clinicos (46,2%), adhe-
rencia (38,5%) y manejo de los sintomas y/o reduccién de complicaciones
(26,9%). La eficacia global en términos del porcentaje en los que se observé
una mejorfa significativa con el uso de las aplicaciones fue del 73,1%. Los
patientreported ouicomes en los que se observé un mayor impacto fueron la
adherencio, la calidad de vida relacionada con la salud vy la satisfaccion.
Conclusiones: Existe evidencia emergente de que las aplicaciones tie-
nen un impacto positivo en los resultados en salud de los pacientes. Estas
herramientas estén demostrando una mejora en el manejo de diferentes
pafologias, con resultados que muestran una reduccién de complicacio-
nes y consumo de recursos y mejoras en la adherencia y calidad de vida
de los pacientes.

each of them to the standard database search systems. No date restrictions
were applied to maximize the number of publications identified.

To be included, articles had to be published in English or in Spanish,
with no fime restrictions, and had to dwell on apps used by patients, family
members and/or caregivers that measured some kind of PRO, such as adhe-
rence, quality of life or other health endpoints. Articles analyzing telemedi-
cine-based inferventions other than apps were excluded, as were systematic
reviews, ediforials, PhD dissertations and opinion pieces.

An analysis was made of the fifles and abstracts of the articles obtained.
Arficles that met the selection criteria were downloaded and subjected to a
fulltext review. A second author reviewed the arficles where doubts arose
regarding the selection process. The variables analyzed in each article
were as follows: author(s) of the arficle, publication year, studied populo-
fion, sample size, health outcomes measured, health outcomes obtained,
and whether a pharmacist participated in the study.

Results

The literature review yielded a total of 454 references. Once duplicates
were removed, a fotal of 370 were excluded for not meeting the establi-
shed inclusion criteria. At the end of the selection process, the 58 remaining
articles that mef the inclusion were subjected to a full text review. Finally,
26 of the review articles were included. Figure 1 provides a defail of the
selection process.

Of the 26 articles reviewed, 19 (73.1%) were clinical trials, 4 (15.4%)
were quasi-experimental studies, and 3 (11.5%) were observational studies.
Two of the clinical trials were pilot studies. The selected arficles were all
published between 2017 and 2021, with 50% of them corresponding to
2020. A pharmacy department was involved in 4 studies (15.4%) and 3 of
the studies (11.5%) has been carried out in Spain. Table 1 summarizes the
characteristics of the studies analyzed'”°.

The sample size of the studies ranged between 14 and 411 subjects. As
regards the types of patients analyzed, most of the articles included cancer
patients (11 [42.3%] studies] and patients with cardiovascular conditions
[7 (26.9%) studies].

Most studies focused on measuring the impact of the apps analyzed
on qudlity of life (50%), control of clinical parameters [46.2%), adherence
(38.5%) and management of symptoms and reduction of complications
(26.9%). The remaining studies analyzed the impact of the studied apps on
the consumption of resources and on the patients’ safisfaction with the level
of care received.

Overall efficacy in terms of the percentage of patients where a significant
improvement was observed following the use of an app was 73.1%. In spite
of that, results were rather heferogeneous across the different inferventions
analyzed. The PROs where the use of an app was found fo have the grea-
test impact were adherence, health-related quality of life and satisfaction.

Adherence

Adherence was measured by means of validated questionnaires in 8 of
the 10 studies where it was analyzed, with the Morisky Medication Adhe-
rence Scale [MMAS) and the Simplified Medication Adherence Question-
naire (SMAQ) being the most commonly used ones. Two studies measured
this PRO through patientreported values. Seven (70%) studies observed a
statistically significant improvement in adherence when an opp was used.
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In the mAFA pilot study on patients with atrial fibrillation (n = 209), it was
found that use of an app significantly improved the patients’ understanding,
health-related quality of life and adherence to medication (p < 0.05). In
another study, where subjects had received a heart transplant [n = 134;
experimental group [EG] n = 71; control group [CC] n = 63], the strategy
based on an app significantly improved adherence to medication as mea-
sured by the SMAQ questionnaire (85% vs 46%, OR = 6.7 [2.9; 15.8],
p < 0.001)%°. Morawski et al., who studied patients with poorly controlled
hypertension [n = 411), found that subjects using an app experienced a
small improvement in their adherence to medication at 12 weeks according

to the MMAS scale (difference = 0.4; 95% CI [0.1-0.7]; p = O.1)2.

Health-related quality of life

Of the 13 studies that analyzed health-related quality of life, 8 (61.5%)
found a statistically significant improvement in patients using an app. As
regards the tools used to measure quality of life, 4 studies used the EuroQul
questionnaire and 3 the European Organization for Research and Treatment
quality of life tool (EORTC QLQ). The qudlity-oflife results obtained were
independent of the measuring tool used. In a study on 152 patients with
breast cancer (EG n = 76; CG n = 76), lozano-lozano et al. demonstrated
that an app called BENECA was able to improve the subjects” quality of life
[EORTC QLQ-C30 = 1.83, 95% Cl 895-16.71, p < 0.001)%. This study
underscored the importance of using an app based on energy balance and
showed that it was possible to improve quality of life of breast cancer survi-
vors by means of appropriate monitoring. Grasi¢ Kuhar ef al. observed that
use of an app by patients with breast cancer on sysfemic treatment helped
them better cope with their symptoms, which lead to an improvement in their
qudlity of life {10.6; 95% CI 3.9-17.3, p = 0.002). Conversely, no change

Figure 1. Article selection process.

as observed in the use of healthcare resources (37% vs 54% [21/39]
[x21 = 2.29], p = 0.13°. Another study, which analyzed 112 pafients with
breast cancer ([EG n = 53; CG n = 59), showed that the app used impro-
ved quality of life as measured by the EORTC QLQ-C30 and QLQ-BR23
questionnaires (EORTC QLQ-C30: 83.45 vs 82.23, p = 0.03; EORTC
QLQ-BR23: 65.53 vs 63.13, p = 0.04)*.

Control of clinical parameters

This PRO was the one for which the greatest number of studies was
found where no stafistically significant differences were identified in favor
of the (58.3% of studies). Agarwal et al. studied 223 diabefic patients
[EG n=110; CG n = 113) and found no differences between the experimen-
tal and the control group in terms of glycemic control as measured by HbAlc
levels®*. Conversely, a quasi-experimental study by Buis ef al. on patients
with hypertension (n = 15) demonstrated that o pharmacist-supervised app
was able to bring down blood pressure in patients with poorly controlled
hypertension (blood pressure [mmHg]: reduction in systolic blood pressure
[SBP] = 6.3 mmHg; p = 0.02; diastolic blood pressure [DBP] = 6.9 mmHg,
p < 0.001)**. Another study on patients with poorly controlled blood pres-
sure [n = 223 [EG n = 166; CG n = 167]) by Persell et al. compared the
impact of using an app together with a monitor in the patients’ home with
the use of just an app for & months and observed that the SBP in subjects
on the app + monitor group had was similar to that of patients who only used
the app [the difference was =2.0 mm Hg [95% CI -4.9-0.8; p = 0.16)]°".
A clinical trial on 129 high cardiovascular risk patients distributed into three
ams (CG n = 41); (EG opp n = 45); [EG app + clinical intervention;
n = 43), showed that although simultaneous recording of diet + exercise
together with a training program aimed at improving the patients’ lifestyles
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Authors Year of Studied : Pharmacist
of the arficle  publication Type of study population n Measured health outcomes Obtained health outcomes it
— Visits: 0.66 vs 1.64 (95% Cl,
— Visits to the doctor within 0.24-0.66; p < 0.001)
Patient 30 days from surgery — Email: 0.65 vs 0.15 (95% Cl,
Armstrona KA gfLeE S " 65 ~ Telephone calls and/or 1.55-10.99; p = 0.005)
frmls]r;)ng | 2017 Clinical trial W' rfeos'. (EGn=232; emails fo the hospital - No differences were found No
erat reconsiruclion ¢ n = 33) - Satisfaction with the care between the groups regarding
surgery received the number of telephone
— Complications rate contacts, patient satisfaction or
the complications rate
— Severity of symptoms
Pafients with 123 (ICIQ-UI SF) - ICIQUI SF: 7.0 (3.5) vs
Asklund I, ftoaell £ ents w . — Quadlity of life in the context  10.2 (3.2); p < 0.001
% 2017 Clinical trial  stress urinary ~ (EG n = 61; ) No
etal. i confinen CG n = 62] of symptoms from the lower - ICIQ-LUTSqol: 28.8 (6.4) vs
confinence N urinary tract ICIQ 34.1 (6.7); p= 0.005
[ICIQ-LUTSqol]
- Quality of life (EQ-5D)
Guo Y Patients 209 - Adherence - EuroQol: p < 0.05
efuc?I 9 2017 Clinical trial  with atrial ([EG n = 113; - Satisfaction with — Adherence: p < 0.05 No
: fibrillation CGn=96) anticoagulative treatment - ACTS: p < 0.05
(ACTS)
- MMAS: Median = 7.6 vs 6.5;
- Adherence (Korean version g ;Ofgﬁl fewer adverse
. ) . 76 of the Medication Adherence ~ >YMPOMs: verse
Kim HJ, . . Patients with ) . event reports (nausea, fatigue,
o 2018 Clinical trial (EGn =36, Rating Scale) . No
et al. breast cancer CG n = 40] - Symptoms numbness in hands or feet,
T T 8ol of i (BREF) and hair loss)
(p < 0.05)
- BREF: 74.9 vs 72.2; p = 0.01
— MMAS at 12 weeks,
Patients with A1 Difference: 0.4; 95%
MOI”OZ\?/SI(I K1 2018 Clinical trial  high blood [EG n =209; ~ Adherence (MMAS) €1=0.1.07; p = 0.0] No
etal. — Blood pressure - Blood pressure (mmHg),
pressure CGn =202 . A )
Difference: -0.5;
95% Cl=-3.7-2.7, p=0.78
Patients with
an ostomy due
to colorectal 203 S
de%QQ’ 2018 Clinical trial ~ cancer (EG n = 100; - Stoma-related complications ~ S C.O.mp|ICle.|0nS. No
et al. ol CG n = 103] No significant differences
discharge
from hospital
Patients with MMAS af 8 weeks:
breast cancer 43 B o. )
G”“eZ ! 2018 Clinical trial  treated with ~ (EGn=21; Adherence MMAS) 100 vs 72./0’ p= 0295 No
etal. - Symptoms - Symptoms: No significant
aromatase CGn=22) ’
o differences
inhibitors
Quality of life:
et
of ol 23 ! 2018 Clinical trial  a gynecologic (EG n = 15; - Quality of life (DID=7.51; p=0.15] No
' tumor CGn=14) Decronse i s ohe
— Decrease in the physical health
score (DID = -7.49; p=0.13)
— Glycemic control (HbAT¢) ) o
- Quality of life (EQ-5D) - H.bA] c: No significant
Agarwal P Diabefi 223 - Resource consumption (visits glffegnlcgsD. No sianificant
garwal b 2019 Clinical trial 1apetic (EGn=110; to the emergency room, proRorOE NG significan No
etal. patient A differences
CGn=113) hospitalization, visits fo R .
: L - Resource consumption:
primary care, visits to a No sianificant diff
specialisi) o significant differences
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Table 1 (cont). Summary of the characteristics of the studies analyzed

Authors

of the article  publication

Yang J,
etal.®

lozanolozano
M, et al.2¢

Collado-Borrell
R, etal’®

Greer JA,
etal?

Wang TF,
et al?®

Grasi¢ Kuhar
C, etal?

Baltaxe E,
et al.®

Persell SD,

et al?

Higgins J,
et al.??

Year of

2019

2019

2020

2020

2020

2020

2020

Type of study

Clinical trial

Quasi-
experimental

Quasi-
experimental

Clinical trial

Quasi-
experimental

Prospective
observational

Clinical trial

p:;l::licﬁiin n Measured health outcomes Obtained health outcomes PI:S:I";:;E'
— Pain relief rates — Pain relief rate: p < 0.001
- Adherence — Adherence: p < 0.001
Patients with 58 - Quality of life — Quality of life: p < 0.001
oncologic (EG n = 31; - Incidence of breakthrough - BTcP: p < 0.001 Yes
pain CGn=27) paindue to cancer (BTcP) - Symptoms: p = 0.01
- Symptoms — Satisfaction:
— Satisfaction 90% satisfied/highly satisfied
. . 152 . . - EORT QLQ-C30 = 12.83;
Eahenfs with [EGn =76 ~ Quality of life 95% C18.95.16.71: No
reast cancer  ~~ 76) (EORT QLQ-C30) p <0.00]
— DRPs: 70.0% vs 72.5%;
— Drug-related problems p=0.013
(DRPs) — Resource consumption:
Cancer - Resource consumption 36% vs 49%; p=0.76
afients freated 101 (visits to the emergency - SMAQ: 97.6% (DE = 7.9) vs
p'fh | (EG n=150; room, visits to primary care,  92.9%, (DE = 10.0); p < 0.02 Yes
Wi orul . Gn=>51) visits to a specialist) - EQ-5D: 0.8754 (DE = 0.1562)
anfineoplasfics - Adherence [SMAQ) vs 0.7406 (DE = 0.1769);
~ Quality of life (EQ-5D) p <0.001
— Satisfaction — Satisfaction: 9.70/10
(DE = 0.80)
- Adherence (MMAS-4)
- Severity of symptoms .
Cancer (MDASI) - MMAS_,A' p=0.161
patients treated 181 - Quality of life (FACT-G) ~MDASI: p = 0.859
with oral [EGn=91; _ Satisfaction (FACIT-TS-PS) - FACTG: p=0.16] No
: . CGn=90) . - FACIT-TS-PS: No significant
antineoplastics - Resource consumption diff
A ifferences
visits fo the emergency
room, hospitalizations)
- Quality of life: =7.24 vs
Cancer patients 101 . . -4.36; p=0.22
who underwent (EG n = 50; ~ Suagfyfof Ilfe. - Need of nursing care: No
surgery CGn=50) ~ ' eecornursing care decrease in the need
of nursing care (p < 0.05)
~ Quality of life: - Quality of life: (10.6, 95% ClI
Patients with 91 EORTC QLQ C-30 3.9-17.3; p=0.002)
breast cancer (EGn=46; and EORTC QLQ BR-23 - Resource consumption: No
CG n = 45) - Resource consumption: 37% vs 54% (21/39)
visits to the doctor (x21 =2.29); p=0.13
Patients
with chronic
Sylmoncry 67 _ Slesp apnea: SEMSA - S!EMSA: No significant No
isease differences

2020

2020

Clinical trial

Clinical trial

requiring home
oxygen therapy

- Blood pressure (6 months):

Patients with 223 2.0 mmHg difference

high blood  (EG n = 166; :i'gﬁd p’e“(”ref.(mTHg) o [95%CI-4908/p=016  No
pressure CGn =167) erence {panentreport®al _ Adherence: No significant
differences
— Resource consumption:
0.36 vs 2.44
Patients who 60 - Resource consumption (95% ClI = 0.08-0.28;
underwent |(visits to the doctor) p < 0.0001)
i eepogg WEDD! Ak N No
orthopedic - Satisfaction - Satisfaction: No significant
CG n = 32 el .
surgery — Complications rate differences

— Complications rate:
No significant differences
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Authors Year of Studied ] Pharmacist
of the arficle  publication Type of study population n Measured health outcomes Obtained health outcomes i
146 - PHQ-9 (recovery):
Depression 59% vs 31%; OR: 3.25;
Patients with (EG = 64; . 95% Cl = 1.54-6.86 (p = 0.92)
Sfrglh;‘;m AR 2020 Clinical trial  depression CG=58); iis{:SSIgAEE'-—';)}Q) — GAD-7 (recovery): No
: and/or anxiely  Anxiety y 57% vs 38%; OR: 2.17;
(EG = 65; 95% Cl = 1.08-4.36
CG = 66) (p = 0.67)
— Blood pressure. Decreased
. . Patients with SBP 6.3 mmHg; p = 0.02;
Buis I;'}' 2020 Quasi- high blood 15 = Sl e i) DBP = 6.9 mmHg; p < 0.001 Yes
etal. experimental — Adherence (patientreported) . 0
pressure — Adherence: No significant
differences
. . - EORTC QLQ-C30:
. . 112 - Quality of life oo
Hou IC, 2020 Clinical il FOeMs Wi e 253 [EORTC QLG €30 and 83.49 vs 82.23; p = 0.03 No
etal. breast cancer CGn=59 EORTC QLQ BR23] - EORTC QLQ-BR23:
- 65.53 vs 63.13; p=0.04
— Blood pressure: No significant
129 differences
) - Weight: greater reductions in
. (CG n = 41); . ,
Patients G — Blood pressure (mmHg) body weight (CG: mean
Cho SMJ, 2020 Clinical il ith high ep oo P J -0.12 [SD = 0.30 kg];
P inical trial . n=45); - Weight (kg) ) No
etal. cardiovascular (EG app+  — Analytical variable EG app: mean -0.35
risk o eﬁf’on ylieat variables [SD = 0.36 kg]; p = 0.67;
: N r43|) EG app + infervention:
B mean -0.96 [SD = 0.37 kg];
p=0.08)
p i Patients with 49 Quality of lif - KDQOL-SF: mean 293.16
Li WY, etal¥”| 2020 brospett:. ve | chronic renal  (EG n=25; ~ (KLE)%QI%LOSFI) ¢ (DE = 34.21) vs 276.37 No
observational gicease CG n = 24) ) (DE = 32.21); p = 0.02
- DASS-21: Reduction in siress
(b =-2.07; p = 0.04)
and depression symptoms
(b =-1.36; p=0.05) from
the start fo the end of the
Famil intervention. From the post-
memlgers or intervention fo the follow-
. up period, lower levels of
Fuller- FcL:fpat'e?ﬁs 183 — Level of stress, depression, depression (b = -1.82;
Tyszkiewicz 2020 Clinical trial w'thpo ! (EGn=73; and emotional wellbeing p = 0.03) and higher levels of No
M, et al.3® PI1 sical CGn=110) (DASS-21) emotional wellbeing (b = 6.13;
Er)rlnlentcl p < 0.001), optimism (b = 0.78;
disabili p = 0.007), self-esteem
Isability (b = -0.84; p = 0.005), family
support (b =2.15; p=0.001),
support from other significant
people (b = 2.66; p < 0.001)
and subjective wellbeing
(b=4.82; p<0.001)
- Quality of life _KCCQ: p = 0.054
. . o (KCCQ y EQ-5D) :
Bakogiannis 2021 Prospective  Patients with 14 E Heart Fail - EQ-5D: p=0.06 N
C, etal® observational  heart failure ~ curopean Heart Fatture — EHFScBS: 4.4% increase °
Self-Care Behaviour Scale (SD = 7.2%); p = 0.002
(EHFSCBS) =L Pt
GomisPasfor Patients with 134 - SMAQX: 85% vs 46%,
M. ef al 2021 Clinical trial o heart (EG n=71; - Adherence (SMAQ) OR=6.7(2.9;15.8); Yes
p Geelt transplant p < 0.001

EORTC QLQ: European Organization for Research and Treatment quality of life tool; EQ-5D: European Quality of Life-5 Dimensions; FACITTSPS: Treatment-Treatment Safisfac-
tion—Patient Satisfaction; FACT-G: Funcfional Assessment of Cancer Therapy-General; GAD-7: Generalized Anxiety Disorder 7-item Scale; CG: control group; EG: experimental
group; ICIQUI SF: Infernational consuliation on incontinence questionnaire — Urinary incontinence short form; KCCQ: Kansas City Cardiomyopathy Questionnaire; KDQOLSF:
Kidney Disease Quality of Life survey; MDASI: MD Anderson Symptom Inventory; MMAS: Morisky Medication Adherence Scale; PHQ-9: 9iem Patient Health Questionnaire;
SBP: systolic blood pressure; SEMSA: Self Efficacy in Sleep Apnea; SMAQ:: Simplified Medication Adherence Questionnaire.
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were unable to reduce SBP, they did prove effective in inducing weight
loss and reducing body fat (weight: greater weight loss (CG: mean -0.12
[SD = 0.30 kgJ; EG app: mean -0.35 [SD = 0.36 kg], p = 0.67; EG app
+ clinical infervention: mean —0.96 [SD = 0.3/ kg]; p = 0.08J%.

Symptomatic control

The ability to control symptoms and/or complications by means of an
app was analyzed in 7 studies. Three of these (42.9%) found statistica-
lly significant differences in favor of the app. A clinical trial that included
123 patients with stress urinary incontinence observed that, in the expe-
rimental group, the app was able fo reduce the severity of symptoms as
measured on the Infernational consultation on incontinence questionnaire
— Urinary incontinence short form (ICIQ-Ul SF| questionnaire and induced
significant clinical improvements'®. However, Wang et al. observed that
following up patients with an osfomy due to colorectal cancer after hospital
discharge (n = 203 [Gl n = 100; GC n = 103]) did not result in a significant
improvement in the complications related fo the stoma??. Baltaxe et al. were
not able to demonstrate that an app can improve patient selfmanagement
as measured by the Self Efficacy in Sleep Apnea (SEMSA| questionnaire.
However, the wide acceptance enjoyed by this app could be indicative
of ifs pofential fo improve communication between the parties involved™.

Resource consumption

In the studies analyzed, resource consumption was faken fo encom-
pass the different activities and services aimed ot meeting patients’ care
needs (visits fo the emergency room, primary care, specialized care, hos-
pitalization) and at ensuring patient-healthcare provider communication
[relephone calls, e-maiils, etc.). Fifty percent of the studies found statisfically
significant differences in favor of the apps. The first clinical frial conducted
to analyze the impact of an app on resource consumption by patients
who had undergone breast reconstruction surgery [n = 65; [EG n = 32;
CG n = 33]) found that both visits and email contacts with healthcare pro-
viders during the first 30 days after surgery were less frequent in patients
using the app (visits: 0.66 vs 1.64 [95% Cl, 0.24-0.66; p < 0.001];
email: 0.65 vs 0.15 [95% ClI, 1.55-10.99; p = 0.005]). On the other
hand, no differences were observed between the groups regarding the
number of felephone confacts, patient satisfaction or the complications
rate. This data shows that, although patient follow-up through an app
does not affect the complications rate, it does improve patientreported
convenience scores”. In a quasi-experimental study on cancer patients
undergoing surgery (n = 101 [Gl n = 50; GC n = 50]), Wang et al. obser
ved that interventions based on an app significantly reduced the patients’
nursing needs, apart from improving their quality of life. The study suggests
that apps should be incorporated into the routine care of patients with
head and neck cancer fo increase the information available o them and
to improve their self-management skills?. Similarly, Higgins et al. demons-
trated that following up patients through an app may significantly reduce
the number of faceo-face visits during the first & weeks post-op in patients
undergoing anterior cruciate ligament reconstruction surgery, resulfing in
considerable savings both for the patient and for the system (resource con-

sumption: 0.36 vs 2.44 [95% Cl = 0.08-0.28; p < 0.0001])*.

Discussion

This is the first review published to date dedicated to evaluating whether
apps that collect PROs are able to improve patients’ health outcomes. Onco-
logy is the area that has seen the greatest development of health apps.
A tofal of 42.3% of the articles analyzed investigated the impact of apps
on the health of cancer patients, as compared with 26.9% for cardiology
patients and 7.7% for surgical or psychiatric patients among others.

Atotal of 73.1% of the studies reviewed reported that the use of apps resul-
ted in a statistically significant improvement in the evaluated health outcomes.
In spite of the limited sample size in some sfudies, the fact that the majority
were randomized clinical trials endows them with a measure of robustness.
The most promising findings in the present review were the improvements in
health-related quality of life, satisfaction with the care received and adherence
to treatment, which was the PRO where apps had the most positive impact.

The review showed that up to 70% of the studies analyzing the poten-
tial of apps to improve adherence show a positive effect, adherence rates

reaching 100% in some patients'>1921232540 " Eight of these arficles were
clinical trials and two quasi-experimental studies. All of them but one mea-
sured other PROs apart from adherence, with Gomis-Pastor ef al. being the
only study whose main goal was fo improve adherence through the use
of an app. The authors concluded that an app-based strategy can signi-
ficantly improve adherence as well as the patients’ beliefs regarding their
medication’®. The improved adherence observed in cardiclogy patients
was shown to reduce the number symptoms not only in those patients but
also in others™. In fact, 42.9% of studies analyzing the impact of apps on
sympfom confrol showed a sfafistically significant improvement, with similar
results across the different studies in ferms of symptom management'®2025,
This could mean that apps that collect PROs may play an important role
in patient safety, ensuring continuity of care and promoting proper PRO
management. According to a clinical frial on patients with breast cancer,
which analyzed the impact of an app on the reduction of adverse events
and on the improvement of the patients’ psychological status, the use of a
health app was associated with a lower number of adverse events such as
nauseaq, fatigue, hand foot syndrome and hair loss. Although no statistically
significant differences were found in most cases, the incidence of grade 3
fatigue was significantly lower in patients who used the app?°.

The collection of PROs and an appropriate management of foxicity have
not only been shown to improve patient safety but also to impact their qua-
lity of life. For example, Grasi¢ Kuhar et al. observed that use of an app by
patients with breast cancer helped them better cope with their symptoms,
which resulted in an increased quality of life?®. This review showed that
quality of life was the most frequently investigated variable, accounting for
50% of all analyzed PROs. This shows the importance given in the literature
to quality of life, whose measurement is a way of evaluating the population’s
health and of analyzing different healthcare interventions®' 2. A total of
61.5% of studies showed that quality of life is normally significantly impac-
ted by the use of the app, regardless of the instrument used to measure
ifl218.1925,26.293557 However, Greer ef al., which analyzed a sizable patient
sample, failed to detect statistically significant differences with respect to the
control group. These authors concluded that, although the app could possi-
bly improve health outcomes for all the patients who were prescribed oral
antineoplastics, it may be that the intervention is only beneficial for patients
with certain risk factors, such as difficulties with adherence or anxiety?””. Of
the three studies that were only aimed at improving quality of life, Graetz
ef al. did not report any improvements in the experimental group. It must
be noted, nevertheless, that this was a 29-patient strong pilot study?®. The
other two studies, one of them observational (Lozano-lozano)¢ and the other
quasi-experimental (Li ef al]”, did show statistically significant quality of life
differences in favor of the app analyzed.

With respect fo resource consumption, the maijority of studies focused on
analyzing the impact of this variable on cancer and surgical patients, half
of them showing stafistically significant differences in favor of the app analy-
zed72832 Most of these studies were on surgical patients and showed that
follow-up based on an app may reduce the number of hospital visits and
the patients’ need of nursing care affer surgery. It must be noted, however,
that none of these studies was designed to analyze the impact of apps on
patients’ care needs or on the level of patient/healthcare provider communi-
cation. Further studies are needed fo shed more light on these issues.

Finally, four studies recruited the active participation of a pharmacist in
the implementation of the apps and the follow-up of the patients!®253440,
All of them revealed statistically significant differences in favor of the apps
analyzed. Although the number of pharmacists involved was low, the fact
that they were recruited af all is indicative of the important role that pharma-
cists may play in these technologies. As healthcare providers accustomed
fo using and validating the new technologies applied to drug administra-
tion and patient safety, pharmacists should be regarded as key players in
the development of technological initiatives aimed at humanizing care and
ensuring the appropriate use of medication.

One of the limitations of this study was the fact that the fifle- and abs-
fractbased selection of arficles was made by a single author. However,
to reduce the possibility of bias, a second author was asked to conduct a
full text review in cases any doubt emerged in connection with the articles.
Furthermore, the possibility exists that an important study for the analysis may
have been left out. It must be said, however, that a specific search strategy
was designed fo identify as many articles as possible.
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There is emerging evidence that apps have a positive impact on patients’

health outcomes. Use of these tools is making it possible fo enhance the
management of certain conditions and fo achieve outcomes associated with
fewer complications, less consumption of resources, improved adherence
and better quality of life. These findings should prompt the development of
a new sel-management model able fo promote a healthier lifestyle among
patients. Further research is required fo defermine the applications and limi-
tations of these findings and evaluate the factors that may contribute fo
improving the oufcomes obtained.
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