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Abstract
Background: HIV infection is an increasingly complex

chronic disease associated with numerous medical, psycho-

logical, and social problems. The life expectancy of affected

patients has increased considerably. Medical apps could also

play a role in prevention and management of comorbid con-

ditions in the HIV-infected population.

Objectives: To determine the usefulness of an app designed

specifically for HIV-infected patients aged 60 years or older

and to assess changes in patient satisfaction, adherence to

treatment, and quality of health care.

Methods: A randomized clinical trial was conducted, in-

cluding 100 patients (50 per group): (1) an experimental

group comprising patients using the app + routine medical

care (app group) and (2) with routine medical care (control

group). The usability of the app and patient satisfaction were

evaluated in the app group at week 48. Quality of life, ad-

herence to treatment, and clinical parameters were compared

between both groups at 48 weeks, as well as the number of

face-to-face visits.

Results: We found that 52.2% and 73.8% of patients in the

app group used the app at weeks 24 and 48, respectively.

Patients used the app for a mean of 23.7 (–2.84) days over

the 48 weeks. The most visited screens were health counseling

and medical records (24.8% and 22.2%, respectively). At

week 48, 85.2% of patients thought that the app was useful

and 91.4% would recommend the app to friends or relatives.

The app was well valued by participants (4.79 [–0.21] of 5.00)

and 64.6% thought that the app improved their health care.

Keywords: app, HIV infection, m-health, aging, chronicity,

telemedicine

Introduction

A
ging is the term used to describe the progressive loss

of physical ability, changes in appearance, and/or

decrease in mental agility that we experience over

time. This process advances at different rates as a

consequence of genetic and environmental factors.1

Aging of the population can be considered a success of

public health policies and socioeconomic development.

However, it also constitutes a challenge. A recent major study

on health and aging warned that the burden of chronic disease

will considerably affect quality of life in aging patients.2

Therefore, determinant changes are needed to improve the

health and quality of life, as well as social participation of a

growing elderly population.

The increase in the average age worldwide makes chronic

diseases and the consequent reduction in well-being a pro-

minent global public health challenge.3 One of the greatest

challenges for a national health system is to achieve sustained

care of people with chronic health problems (both physical

and psychological).4 In this sense, health professionals agree

that specific management of elderly people reduces morbidity

and mortality and improves quality of life and the ability to

carry out day-to-day activities.5,6

HIV infection is a chronic disease. The life expectancy of

affected patients has increased considerably thanks to ad-

vances in antiretroviral treatment. In 2015, around 50% of

HIV-infected patients were ‡50 years old, and it is estimated

that by 2030, around 70% of the HIV-infected population in

the United States will be aged ‡50 years.7
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Growing evidence in the scientific literature suggests an

increased prevalence of long-term comorbidities associated

with antiretroviral treatment and the infection itself compared

with noninfected controls of the same age. In addition, aging

could manifest 10 years earlier with respect to the general

population.8

As a result, HIV infection is an increasingly complex

chronic disease associated with numerous medical, psycho-

logical, and social problems that require the attention and

experience of a wide range of health specialists.9

Information and communication technologies are strategic

elements in improving health and ensuring a quality, modern,

and sustainable health system.10 The development of mobile

devices such as smartphones and tablets has shown how mobile

applications (apps) have revolutionized health care (medical

apps).11–15 Information and communication technologies

could prove very useful in the care of patients with chronic

conditions, such as diabetes, obesity, and cardiovascular disease.

Medical apps could also play a role in prevention and manage-

ment of comorbid conditions in the HIV-infected population.16–24

Study Objectives and Endpoints
First, we wanted to know how familiarized the older pop-

ulation was with mobile apps and their interest in medical

apps, using a 13-item survey.

Second, in the context of a clinical trial, we determined the

usability of an app specifically designed for medical man-

agement of HIV-infected patients aged ‡60 years; the per-

centage of subjects who used the app on more than 10

different days during the clinical trial was assessed at week 24,

to monitor usability during the study, and at week 48, to de-

termine usability at the end of the study.

Other objectives focusing on patients randomized to use the

app were (1) to identify the most frequently used items in the

app according to the register system and (2) to evaluate satis-

faction with the app by assessing changes between baseline and

week 48 in an ad hoc test, ranging from 1 (worst) to 5 (best).

Finally, we compared the app group and the control group

at week 48 with respect to the following parameters: (1) the

number of visits to the HIV unit during the clinical trial and (2)

self reported adherence (SERAD),25 quality of life medical out-

comes study HIV health survey (MOS-HIV),26 and a series of

clinical parameters (described below, CLINICAL STUDY: DESIGN

AND POPULATION section).

Methods
The project was carried out in three phases: (1) a survey to

know the opinion of patients about using an app for their

clinical management; (2) development of a specific app con-

sidering the opinion of patients (group session and app vali-

dation); and (3) a randomized clinical trial to know the

usability of the app and patient’s satisfaction with it.

A 13-ITEM SURVEY
To know how familiarized older people were with mobile

apps and to assess patients’ interest in using apps, a 13-item

survey, ad hoc, was developed. The survey requested infor-

mation on (1) their knowledge about apps; (2) their needs in

terms of clinical management, including functional, psycho-

logical, and social aspects, as well as geriatric syndromes

(sleep disturbances and sexual aspects.); and (3) their

opinion on the advantages of using an app to monitor their

health. The survey was offered to the first 50 consecutive

patients aged ‡60 years who attended our unit.

APP DESIGN
Based on the survey results, we created an initial prototype

with a visual framework of the screen content and layout of

the app in PowerPoint. The app was called +Approp (Fig. 1)

and comprised a menu screen with four different sections:

. Reports: progress of clinical parameters, including clin-

ical history, vaccines, antiretroviral treatment, concom-

itant medication, drug interactions, and graphs showing

changes in specific laboratory parameters (parameters

were selected individually according to the patient’s in-

terest in improving management).
. Education: health counseling programs and diets for

prevention of hypertension, dyslipidemia, osteoporosis,

and diabetes; this section also included motivational

tools to encourage specific exercises and smoking ces-

sation and anthropometric measurements (graphs

showing changes in weight, body–mass index, waist/hip

perimeter, and blood pressure).
. Reminders: alarms to remind patients about medical

visits (HIV and other specialties) and taking antiretroviral

and concomitant medication and visual alerts with a

message for refilling prescriptions and prescription or-

dering.
. Communication: links to obtain medical support through

e-mails, messages, and video calls (Fig. 2).

A personal computer program was created to check all the

information included by the patient in real time and to ensure

that health personnel could provide additional clinical in-

formation (e.g., blood test results), monitor patient data, and

answer messages.

The application did not save any data. Data were obtained

only for viewing by prior request to the server and were
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encrypted using Secure Hash Algorithm 1 encryption and with

the 256-bit Secure Sockets Layer security certificate. The per-

missions in the device were for (1) camera: video calls, sending

photographs of diagnostic tests, and sending images; (2) pho-

tos: add images to diagnostic tests and messaging; (3) micro-

phone: making video calls; (4) calendar: add appointments to

the phone calendar; and (5) health: obtaining health data from

the device (steps and number of beats/pulses, etc.) and being

able to see them in the ‘‘Physical activity’’ section of the app.

After that we scheduled a group session (duration of 4 h)

with five HIV patients, a physician, a nurse, a dietician, a

computer technician (developer), and a graphic designer to

gain information about the user interface of the app prototype

created. The first 5 HIV patients (4 men and 1 woman, ages

Fig. 2. App sections.

Fig. 1. App and back office initial prototype.
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60–75 years) who answered the previously mentioned survey

and had interest in mobile apps were included in the group

session. Participants were asked to identify features that could

increase technology acceptance, category classifications, de-

sign requirements, navigational features, and marketing

preferences. The final version of the app, which incorporated

the functional specifications and user interface project, was

designed according to this information.

Before the clinical study, the same patients who partici-

pated in the group session tested the app for a month.

CLINICAL STUDY: DESIGN AND POPULATION
When the app was available, a 48-week, pilot, randomized

controlled trial was conducted to assess the usability of the

app for HIV-infected patients aged ‡60 years, patient satis-

faction with the app, and the effect on quality of life.

The study was approved by the local ethics committee and

health authorities and was undertaken in accordance with the

Declaration of Helsinki and the principles of Good Clinical

Practice.

To be included, candidates had to be aged ‡60 years, have

the HIV infection, be receiving antiretroviral therapy, and be

smartphone users. Patients with conditions that hampered

understanding and use of mobile applications were excluded.

The clinical trial was proposed to the first 100 consecutive

patients who attended a scheduled consultation and met the

selection criteria. Those who agreed to participate in the study

signed the informed consent document and were randomized

1:1 to the following groups: (1) using the app plus standard

clinical management (app group, n = 50 patients) or (2) standard

clinical management (without the app) (control group, n = 50

patients). The randomization list was created using a uniform

distribution and assigning a range of values to each group.

Standard clinical management included routine clinical

visits (2–3 visits per year) and additional visits, if necessary,

following clinical practice.

The possibility of using the app once the study was finished

was offered to all participants.

The app was installed in the smartphone of the participants

who were randomized to the app group and trained in the use

of the content of the app. Patients downloaded the app and

access (user and primary password) was provided. Then, a

specific training for use of the app was carried out with each

participant to review the app in detail, section by section, as

well as to practice how to include data and send messages. At

week 24, a new meeting was conducted with each participant

from the app group to motivate them to use the app.

At the baseline visit and at weeks 24 and 48, we recorded

information about the usability of the app by measurement of the

number of times patients accessed the app, using the register

system.Traceabilitywasachievedwith the log indate, navigation

time, and log out. At baseline and week 48, we recorded adher-

ence (SERAD questionnaire),25 quality of life (MOS question-

naire),26 and satisfaction using a 7-item ad hoc survey ranging

from 1 (worst) to 5 (best), as well as some laboratory parameters

(lipid profile, glucose, viral load, and CD4 count) and anthropo-

metric parameters (height, weight, and body–mass index).

TYPE OF ANALYSIS AND COMPUTER PROGRAM
The data obtained were processed in Excel and reviewed to

detect inconsistencies or processing errors. Statistical analysis

and data processing were carried out using SPSS 15 for

Windows. All the study variables were separated by group and

according to baseline and demographic characteristics of in-

terest. Quantitative variables were expressed as mean, stan-

dard deviation, median, interquartile range, and maximum

and minimum. Categorical variables were expressed as rela-

tive and absolute frequencies and percentages.

Since variables were non-normally distributed, they were

compared using the Mann–Whitney test. The chi-square test

or Fisher exact test was used as appropriate to compare dis-

crete variables. The Wilcoxon signed-rank test was performed

to assess the significance of changes observed, and within-

group comparisons were evaluated using the McNemar test

when the variables were categorical.

The clinical objectives were analyzed per protocol, that is,

the data analyzed at week 48 were those corresponding to

patients who were followed up until that week. Statistical

significance was set at p < 0.05.

Results
RESULTS FROM THE SURVEY ON APP NEEDS

A total of 50 patients agreed to participate in the survey

before the clinical trial; 72% were men and the median age

was 66 (interquartile range [IQR], 60–68) years. Almost half of

the patients (52%) did not know what an app was. Of those

who did know what an app was, 51.1% reported that an app

could help in their medical monitoring, 68% reported that

they could obtain more information in less time or that it is

easier, 65.4% liked the health care recommendations, 69.2%

reported that a reminder system for medical visits would be

useful, and 84% thought that virtual medical visits could re-

place some face-to-face visits (Table 1).

CLINICAL TRIAL
The clinical trial was proposed to 114 consecutive HIV-

infected patients who attended our HIV unit from June to

December 2017. Five declined to participate for personal
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reasons, and nine were not finally included owing to technical

problems with their smartphone (eight did not have sufficient

random access memory and one had an old version of An-

droid). Finally, 100 patients were randomized: 50 in the app

group and 50 in the control group. One patient from the app

group was lost to follow-up (Fig. 3).

Baseline characteristics are described in Table 2. Seventy-

three percent were men, and the median age was 65 (IQR, 63–

69) years; 46% were men who have sex with men, and the

median time with HIV infection was 21 (IQR, 16–25) years.

Usability of the app according to the register system. At week 24,

52.2% of patients had used the app (defined as at least 10

different days using the app); the most frequently used fields

were laboratory results (mean of 12, IQR [4.5–26.5]) and

medication reminders (mean of 13, IQR [3–30]).

After weekly automatic reminders encouraging the use of

the app, the register showed that 73.8% of patients had used

(at least 10 different days) the app at week 48. Patients used

the app for a mean of 23.7 (–2.84) different days in 48 weeks.

The total number of sessions was 6,177, and the mean session

time was 6 min and 51 s (–34.72 s). The mean number of screen

views was 617.7 (–508.25), with a mean of 6.88 (–1.84)

screens per session. The most visualized screens were health

care recommendations and medical records (laboratory re-

sults) (24.8% and 22.2%, respectively) (Table 3).

Patients aged 60–65 years were the group that most actively

used the app compared with those aged over 65 years

( p = 0.029).

Intragroup comparison of patient’s satisfaction between baseline

and week 48 in the app group. Regarding satisfaction with the

app, at week 48, 85.2% of patients thought that the app was

Table 1. Survey on App Needs

SURVEY ANSWER
RESULT,

N (%)

IF MISSING DATA
ARE NOT TAKEN
INTO ACCOUNT,

THE % IS AS
FOLLOWS, N (%)

Do you know what

a mobile application

(app) is?

Yes 24 (48) 24 (48)

No 26 (52) 26 (52)

No answer —

Could an app help

in your medical

follow-up?

Yes 23 (46) 23 (51.1)

No 22 (44) 22 (48.9)

No answer 5 (10) —

Would you make

virtual visits?

Yes 23 (46) 23 (88.5)

No 3 (6) 3 (11.5)

No answer 24 (48) —

Do you prefer face-

to-face visits?

Yes 22 (44) 22 (84.6)

No 4 (8) 4 (15.4)

No answer 24 (48) —

Do you think virtual

visits can replace

face-to-face visits?

Yes 21 (42) 21 (84)

No 4 (8) 4 (16)

No answer 25 (50) —

Do you consider

that an app would

provide you with

more information

at the moment?

Yes 17 (34) 17 (68)

No 8 (16) 8 (32)

No answer 25 (50) —

Do you know that

the app will enable

you to access your

medical records?

Yes 15 (30) 15 (60)

No 10 (20) 10 (40)

No answer 25 (50) —

Should the app

include reminders

to take your

medication?

Yes 14 (28) 14 (53.8)

No 12 (24) 12 (46.2)

No answer 24 (48) —

Should the app

include dietary

recommendations?

Yes 17 (34) 17 (65.4)

No 9 (18) 9 (34.6)

No answer 24 (48) —

Should the app

include

recommendations

for exercise?

Yes 15 (30) 15 (60)

No 10 (20) 10 (40)

No answer 25 (50) —

Should the app

include reminders

of medical visits?

Yes 18 (36) 18 (69.2)

No 8 (16) 8 (30.5)

No answer 24 (48) —

Table 1. continued

SURVEY ANSWER
RESULT,

N (%)

IF MISSING DATA
ARE NOT TAKEN
INTO ACCOUNT,

THE % IS AS
FOLLOWS, N (%)

Do you think it

would help you

to have alarms and

visual images?

Yes 20 (40) 20 (76.9)

No 6 (12) 6 (23.1)

No answer 24 (48) —

Would you like to be

able to enter data

into the

application?

Yes 21 (42) 21 (80.8)

No 5 (10) 5 (19.2)

No answer 24 (48) —

USABILITY OF AN APP IN AN OLDER HIV-INFECTED POPULATION
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useful and 91.4% would recommend the app to friends and

family. The mean global valuation of the app was 4.79 (–0.41) of

5.00, and 64.6% thought that the app improved their health care.

Comparisons between the app group and controls at week 48. The

frequency of face-to-face visits to the HIV unit was 4.29

(–1.43) days for the app group and 5.33 (–1.72) days for the

control group ( p = 0.03).

Quality of life was classified as good or very good at week

48 by 93.7% of patients in the app group and 91.6% in the

control group ( p = 0.842). There were no significant inter-

group changes in the perception of quality of life from base-

line ( p = 0.748). There were no significant changes in

adherence at week 48 ( p = 0.493).

At week 48, there were no significant changes in the clinical

parameters recorded, namely physical activity ( p = 0.842),

body–mass index ( p = 0.793), blood pressure ( p = 0.921), and

laboratory parameters (data not shown).

Discussion
The life expectancy of the HIV-infected population has

increased progressively. Nowadays, HIV infection is a com-

plex chronic disease associated with numerous medical and

psychological problems and new approaches are needed to

better manage this population.

Different studies evaluate medical/health care apps in this

population, but they are focused only on prevention, adher-

ence, or information about HIV infection.24,27–30 We created a

medical app including all these aspects since there are no data

on apps that encompass all these characteristics in a single

interface. However, older people have negative attitudes to-

ward the use of mobile phones as a didactic aid despite using

them to perform daily tasks.31 For that reason, we created an

easy self-manageable app, considering the patient’s opinion,

to facilitate communication between patients and health care

professionals about their medical management.

In fact, the first notable result in the survey was that 40% of

patients revealed that they did not know what an app was,

although those who did know what it was reported interest in

it. A similar study, including subjects with heart failure, also

found out patients’ interest in a mobile app using a self-

administered survey.32 The majority of 50 survey participants

reported interest in several potential features of a mobile app

designed for heart failure. Our and other data demonstrate

Fig. 3. Flowchart.
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patient interest and the potential benefits of mobile technol-

ogy in chronic diseases.

Regarding usability, although 74% of those subjects who

used the app reported that it was easy to use, at week 24 of the

study, the use of the app was considered poor (52% of the

participants for a mean of 17.4 days). Health care recommen-

dations and medical records (laboratory results) were the most

commonly used sections. However, after we decided to send all

participants weekly reminders to use the app, the number of

people using the app at the end of the study increased; 73.8% of

the participants used the app for a mean of 23.7 days. The

frequency of use of this app points to the user’s interest in the

content. Another recently published study, also in an HIV-

infected population, shows an even higher use of an app, al-

though this application was mainly focused on social aspects

(Chat and News), while ours manages medical outcomes.33

Regarding patient satisfaction, at the end of the study, the

app was well evaluated by patients, and most said that they

would recommend it to friends and family. An explorative

mixed-method study involving 200 chronically ill patients

revealed that mobile apps for health can improve patients’

well-being, but should be easier to use and personalized.34

With this purpose, our app was specifically designed with

patients and for patients, and the survey at the end of the study

confirmed the high level of satisfaction of users of the app.

No changes were found in adherence, quality of life, or

clinical parameters. Probably, we may need to study the app

data for more than 48 weeks to see changes in older patients.

Similar to our results, a systematic literature review evaluat-

ing mobile health (m-health) apps for self-management in

patients with rheumatic and musculoskeletal diseases showed

that only very few studies showed improvement in medical

outcomes.35 On the contrary, other groups have shown im-

provements even in a short follow-up (12 weeks), in func-

tional and clinical parameters,36 or in patient satisfaction and

adherence to chronic medications or interventions.37,38 This

probably means that an individualized and easy-to-manage

app that empowers and motivates patients can lead to im-

provement in clinical management. Regular monitoring

Table 2. Baseline Characteristics of Participants
in the Clinical Study

TOTAL
(N = 100)

APP
(N = 50)

CONTROL
(N = 50)

Age (years; IQR) 65 (63–69) 66 (63–69) 64 (62–70)

Sex (% male) 100 (73) 39 (78) 43 (86)

Risk group (%)

Men who have sex

with men

46 52 40

Men who have sex

with women

25 18 32

Drug users 9 8 10

Current antiretroviral therapy (%)

Protease inhibitors 24 23 26

Non-nucleoside reverse

transcriptase inhibitors

2 3 4

Integrase inhibitors 38 39 37

Other 36 35 33

Hepatitis C positive, n (%) 12 (12) 4 (8) 8 (16)

Undetectable HIV-1 RNA

(copies/mL), n (%)

94 (96) 48 (96) 47 (94)

CD4 count (cells/mL)

Median (IQR) 562 (422–746) 596 (472–782) 536 (380–696)

<200, n (%) 3 (3) 2 (4) 1 (2)

IQR, interquartile range.

Table 3. Usability of the App at Week 48 According
to the Register System

USABILITY RESULTS AT WEEK 48 RESULT

Patients who used the app, % of patients 73.8

Days that patients used the app, mean – SD 23.7 (–2.84)

Sessions, total number of logins 6.177

Screen views, mean – SD 617.7 (–508.25)

Screens per session, mean – SD 6.88 (–1.84)

Season time (seconds), mean – SD 6¢ and 51† (–34.72†)

USABILITY OF DIFFERENT SECTIONS %

Notebook 11.53

Health care recommendations 22.20

Diet recommendations 4.18

Medical records–laboratory results 24.82

Medication reminders 10.80

Medication shipments 7.29

Vaccine reminders 3.28

Messages 10.23

Contacts 1.48

Other 4.19

¢, minutes; †, seconds; SD, standard deviation.

USABILITY OF AN APP IN AN OLDER HIV-INFECTED POPULATION
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through the app may help to increase the use and potential

benefit of an app. In fact, people from our study who used the

app attended the hospital less frequently than the control

group (4.29 days for the app group and 5.33 days for the

control group). This could be the first step to achieve more

benefits in medical outcomes and quality of life.

LIMITATIONS
The first limitation of the study is the small number of

participants; many people in this population do not know

what an app is or have older smartphone models that prevent

the app from being installed. A second limitation was the

digital gap, that is, the lack of skill and experience in the use of

mobile phones, which could account for the infrequent use

recorded. The above-mentioned limitations prevent older

people with larger number of comorbidities and needs from

taking advantage of this technology.

Conclusions
In conclusion, our study shows the low usability of the app

in HIV-infected patients, mainly among those aged over 65

years. However, patients referred that they liked to use the

mobile app to receive health counseling and information on

their medical records (laboratory results), and usability in-

creased throughout the study after sending weekly reminders

to use the app.

It is therefore necessary to promote information and com-

munication technology and motivate patients in this age group

to use apps. Likewise, family members and partners can help to

improve patients’ attitudes toward the use of mobile phones.

m-Health will soon play a key role in monitoring chronic

diseases. A large proportion of adults, especially those who are

older than 65 years, have or will have a chronic condition that

requires orwill require regular care.When thepercentageof older

people who manage apps comfortably rises, a solid and proven

strategy for use should already be established. Future strategies

should be aimed at promoting our app or similar apps among

young people so that they become accustomed to using them.
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25. Muñoz-Moreno J, Fumaz, C, Ferrer MJ, Tuldrà A, Rovira T, Viladrich C. Assessing
self-reported adherence to HIV therapy by survey: The SERAD (self-reported
adherence) study. AIDS Res Hum Retroviruses 2017;23:1166–1175.
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