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a b s t r a c t

Objective: This study aims to evaluate the effects of a symptommanagement intervention (SMI) based on
symptom management group sessions combined with a mobile health (mHealth) application (app) on
the knowledge of symptom management, the certainty of symptom self-management, symptom
severity, symptom distress, medication adherence, social support, and quality of life among persons
living with HIV (PLWH) in China.
Methods: A parallel randomized controlled trial with 61 PLWH was conducted in Shanghai, China. The
participants in the control group (n ¼ 30) downloaded the Symptom Management (SM) app according to
their needs and preferences, and received routine follow-ups. The participants in the intervention group
(n ¼ 31) were guided to download and use the SM app, and received four tailored weekly group sessions
at routine follow-ups. Each group session lasted for approximately 2 h and targeted one of the major
modules of the SM app. All the outcomes were assessed at baseline and post-intervention. The study was
registered with the Chinese Clinical Trial Registry (ChiCTR1900024821).
Results: The symptom management knowledge and certainty of symptom self-management were
significantly improved after the intervention (all P < 0.01). Compared with the control group, the scores
of symptoms reasons knowledge score improved 11.47 points (95% CI: 3.41, 19.53) and scores of symp-
toms self-management knowledge score improved 12.80 points (95% CI: 4.55, 21.05) in the intervention
group after controlling for covariates. However, other outcomes did not show statistically significant
differences between the intervention group and the control group (P > 0.05).
Conclusion: The SMI could improve PLWH’s symptom management knowledge and certainty of symp-
tom self-management. Multi-center studies with larger sample sizes and longer follow-ups are needed to
further understand the effects of SM app on ameliorating symptom severity and symptom distress. More
innovative strategies are also needed to promote and maintain the sustainability of the SM app.
© 2021 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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What is known?

� Persons living with HIV (PLWH) experience serious symptom
burden due to many factors, such as HIV infection and virus
reservoirs, opportunistic infections and comorbidities, side ef-
fects of ART medication, social discrimination and internalized
stigma.
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of life. It is necessary to explore more symptom management
interventions (SMIs) for PLWH.

� Currently, the widespread mobile technology users provide
great opportunities to implement SMIs for PLWH.
What is new?

� Our SMI based on symptom management group sessions com-
bined with a mobile health (mHealth) application (app) showed
significant intervention effects on symptom management
knowledge and certainty of symptom self-management among
Chinese PLWH.

� However, the effects of the SMI on the symptom severity,
symptom distress, ART medication adherence, perceived social
support, and quality of life were uncertain.

� The Symptom Management (SM) app is a promising tool of
symptom self-management for Chinese PLWH. However, more
innovative strategies are also needed to promote and maintain
the sustainability of the SM app.
1. Introduction

Human immunodeficiency virus (HIV) infection has evolved
from a fatal disease to a chronic disease owing to the progress of
antiretroviral therapy (ART) [1]. However, persons living with HIV
(PLWH) still are confronted with significant challenges in symptom
management. Many factors, such as HIV infection and virus reser-
voirs, opportunistic infections and comorbidities, side effects of
ARTmedication, social discrimination and internalized stigma, may
pose substantial risks to various HIV-related symptoms [2e4].
PLWH usually experiences many symptoms simultaneously, and
the average number of symptoms experienced by PLWH can range
from 8 to 17 [5e7]. The prevalence of common symptoms among
PLWH, such as fatigue, depression, pain, rash, and insomnia, was
reported ranging from 43% to 78% [5e7].

The HIV epidemic in China shows an increasing trend [8,9].
Chinese PLWH are at particular risk of inducing and intensifying
symptoms. The National Strategies of “Four Frees and One Care for
HIV/AIDS” in China provides PLWH with free ART [10]. However,
only publicly-funded domestic antiretroviral medications are free
of charge. The integrase strand transfer inhibitors (INSTIs), which
are the internationally recommended first-line treatment medica-
tion for PLWH [11], by contrast, are imported and needed to be paid
out-of-pocket. Therefore, due to the issue of affordability, instead of
taking these imported INSTIs, most Chinese PLWH choose to take
free ART medications, e.g., efavirenz (EFV) or lopinavir/ritonavir
(LPV/r). These medications may increase their risks for medication
toxicity and symptoms distress (EFV may lead to rash and sleep
disorders, LPV/r may lead to diarrhea) [12]. Moreover, influenced by
Chinese conservative cultural values, PLWH are confronted with
more challenges of social discrimination and internalized stigma,
which aggravate the prevalence and severity of their mental
symptoms [13,14].

Given that symptom burden seriously influences PLWH’s ATR
medication adherence, clinical prognosis, and quality of life (QoL)
[3,6,15], it is particularly important to explore more symptom man-
agement interventions (SMIs) for PLWH. Zhao and colleagues’ study
demonstrated the process of symptommanagement among PLWHas
assessing PLWH’s symptoms, understanding PLWH’s symptom
experience and coping ability, and treating symptoms through pro-
fessional management and self-care strategies [16]. Symptom man-
agement is a lifelong task for PLWH that requires continuous efforts.
Moreover, SMIs are expected to target symptom clusters as a whole
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instead of on a single or several symptoms as many symptoms
interweavewitheachotherandshare commonmechanisms [17,18]. It
is also necessary to initiate interventions even PLWHare just at risk of
developing symptoms. The complexity of symptom management
determines the importance of improving PLWH’s knowledge to cope
with symptom management issues. Improvement in health knowl-
edgewill influencemotivation, improve behavior skills, and promote
health behavior changes. Those factors together mediate the
improvement in health outcomes [19].

Several symptom management strategies have been developed
among PLWH, such as art therapy [20], community navigation
intervention [21], physical activity [22], peer-based intervention
[23], manual or guidebook [2,24], health education [25,26], and
mobile health (mHealth) application (app) [27]. Currently, the
widespreadmobile technology users provide great opportunities to
implement SMIs for PLWH. Given the potential to improve access to
care by reducing geographical and financial barriers, mHealth apps
provide feasible, accessible, and effective platforms for symptom
management. Our research team developed the first culturally
tailored symptom management (SM) app to provide PLWH a sus-
tainable way in acquiring symptom management knowledge and
strategies in China [28]. The main modules of this app were
delivered to participants through four group sessions to help them
learn about the SM app and promote their usage compliance. The
primary aim of this study was to evaluate the effects of a SMI based
on symptom management group sessions combined with a
mHealth app on the symptom management knowledge. This study
also tested the effects of SMI on the symptom severity, symptom
distress, certainty of symptom self-management, ART medication
adherence, perceived social support, and QoL.

2. Framework

Our study is guided by a framework (Fig. 1) informed by the
University of California, San Francisco (UCSF) Symptom Manage-
ment Model [29] and the Self-regulatory HIV/AIDS Symptom
Management Model (SSMM-HIV) [15]. Three key components of
symptom management are symptom experience, management
strategies, and outcomes. Symptom experience focuses on symp-
tom occurrence (the cognitive pathway) and symptom distress (the
emotional pathway). Symptom management strategies consider
who, what (the nature of the strategy), when, where, how (deliv-
ered), to whom (the recipient of intervention), how much (the
intervention dose) and why. Outcomes involve symptom outcomes
and clinical outcomes. Social support, ART medication adherence,
and QoL are equally essential components of HIV/AIDS symptom
management. Guided by this framework, we designed the main
functions and content of the SM app, and determined outcomes for
this randomized controlled trial (RCT).

3. Methods

This study was approved by the research ethics committee of
the School of Nursing at Fudan University (IRB#TYSA2016-3-1) and
the Shanghai Public Health Center (SPHC) Affiliated with Fudan
University (2019-S036-02). It was registered with the Chinese
Clinical Trial Registry (ChiCTR1900024821). This study is reported
in accordance with the Consolidated Standards of Reporting Trials
(CONSORT) 2010 statement of guidelines for reporting parallel
group randomized trials [30].

3.1. Study design

A parallel RCT (1∶1) was conducted to examine the effects of the
intervention on symptom management knowledge (symptom



Fig. 1. Symptom management framework. ART ¼ antiretroviral therapy.
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reasons and symptom coping), symptom certainty, QoL, perceived
social support, and ART medication adherence. All these outcomes
were measured at the baseline and post-intervention (four weeks
after the baseline).

3.2. Setting and participants

Participants were recruited from the outpatient center at the
SPHC, which is an infectious disease treatment hospital and is the
only designated place distributing free ART for PLWH in Shanghai,
China.

Inclusion criteria for participants were: 1) diagnosed with HIV-1
infection, 2) aged 18 or older, 3) had a smartphone installed with an
Android system or iOS system, 4) receiving ART and routine follow-
ups in the SPHC, and 5) provided voluntary written consent to
participate in the study. Participants were excluded if they 1) were
or about to be in hospital because of any of the comorbidities, such
as opportunistic infections, 2) could not participate in our study
because of severe mental health diseases or cognitive impairment,
3) were taking part in other HIV-related research projects at the
same time.

3.3. Intervention

Our researchers introduced the SM app to all participants during
the recruitment. The participants in the control group were asked
to download the SM app according to their needs and preferences,
and they were routinely followed up at the SPHC outpatient center,
which included taking routine blood and urine tests, and receiving
free ART medication. The participants in the intervention group
were advised to download and use the SM app, and took part in
tailored group sessions by routinely follow-ups.

The SM app was developed by a multidisciplinary research team
that includes physicians, clinical nurses, software engineers,
nursing scientists, and nursing graduate students. This software
was released in 2017, and was the first app that targeted symptom
management for PLWH in China (Fig. 2 [a]). This app was applicable
for both the iOS and Android systems, and has applied for a patent
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(National Copyright Administration of the People’s Republic of
China: No.02700189) [28].

The design of the SM app was guided by the symptom man-
agement framework. As shown in the homepage (Fig. 2 [b]), the
mobile terminal includes eight modules. Four major modules are
Health Tracking, Self-Assessment, Coping Strategies, and Obtaining
Support. Other modules with smaller logos are Newly Registered
User, Regular User, Symptom History, and Reminders and Settings.
The self-assessment module provides assessment tools for 18
common symptoms of PLWH (Fig. 2 [c]). Clicking one of the
symptom buttons (such as depression), users can see the assess-
ment tools as Fig. 1 (d). Users will receive personalized result in-
terpretations and strategies (Fig. 1 [e]) according to their
assessment submission and cutoffs. Appendix A presents all the
brief self-reported tools and cutoffs for each symptom.

The symptom management framework also emphasizes on the
clinical outcomes, social support, ART medication adherence, and
QoL. Therefore, the SM app provides functions of tracking health
indicators (such as viral load, CD4þ T-cell count, body temperature,
body weight, pain, fatigue, and ART medication adherence) in the
health tracking module; coping strategies that aim to improve
medication adherence and QoL in the coping strategies module;
and social support resources in the obtaining support module.

To increase the participants’ familiarity with the SM app and to
promote their usage compliance, the participants in the interven-
tion group were expected to attend all four tailored weekly group
sessions. Each group session lasted for approximately 2 h and tar-
geted one of the major modules in the SM app. Supported by Fudan
University School of Nursing and the SPHC, a psychologist, a
physician, a peer volunteer, and a head nurse were invited to
implement the interventions. Each interventionist was responsible
for one session. The designs of the topic and content for each ses-
sion were based on the main target module of the SM app. Partic-
ipants in the intervention group were invited to join a WeChat
group before the first session (everyone joined voluntarily). A
researcher edited notes after each group session and sent them out
via the WeChat group or personally. Table 1 summarizes the con-
tent and details of the intervention sessions.



Fig. 2. Screenshots of the SM app.

Table 1
Content and details of the group sessions.

Session 1 Session 2 Session 3 Session 4

Topic Mental distress and coping
strategies

Interpretation for HIV
disease knowledge and
laboratory test report

Self-management experience
sharing

How to use the medical
resources provided by the
hospital

Reporter A psychologist with a PhD
degree

A physician A peer volunteer A head nurse

Procedure Lecture, Q&A, discussion Lecture, Q&A, discussion,
knowledge test

Lecture, Q&A, discussion Lecture, Q&A, discussion

Target module Self-assessment Health tracking Coping strategies Obtaining support
Content 1. Introduce the current state of

mental health problems.
2. Take the mental symptom
tests as an example to introduce
the function of the self-
assessment module. Explain the
physical, mental, and social
challenges that PLWH may face
in their daily life.
3. Watch the videos on how to
cope with depressive
symptoms in the app.
Participants share their
experiences and coping
strategies.
4. Explain and demonstrate the
coping strategies for mental
symptoms introduced in the
app, such as cognitive
behavioral therapy and
relaxation training.

1. Briefly introduce HIV and
AIDS. Explain why PLWH
should take laboratory tests
regularly and what
laboratory tests are
necessary for PLWH.
Explain the clinical
implications and outliers
for common indicators
(blood routine test, urine
routine test, liver function,
kidney function, blood
lipids, CD4þ T-cell count,
viral load, medication
resistance test).
2. Introduce and explain the
function of the health
tracking module.
3. A short quiz about the
knowledge in the lecture is
provided for participants on
site.

1. Share personal HIV diagnosis
and disease treatment
experience.
2. Introduce the function of the
coping strategies module.
3. Discuss how to apply the
coping strategies introduced in
the app to daily self-
management.

1. Introduce the available
medical resources and
functions of each department in
Shanghai Public Health Center
affiliated with Fudan University
for PLWH. Introduce the
procedures of clinical visits and
emergency visits, contact
information, and how to deal
with emergencies. Explain
referral and consultation
between different departments
and different hospitals.
2. Introduce the function of the
coping strategies module.
3. Discuss participants' needs
for clinical visits and other ways
to get support.

Note: PLWH ¼ persons living with HIV.

S. Han, Y. Pei, R. Zhao et al. International Journal of Nursing Sciences 8 (2021) 370e379
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3.4. Measure

3.4.1. Demographic variables
We collected participants’ demographic information using a

structured questionnaire. Descriptive information included age,
sex, household register, race, etc. All the demographic information
is presented in Table 2.

3.4.2. Symptoms
Our symptom checklist was consistent with the symptom pool

in the SM app. All the symptoms in the app were adopted from a
modified sign and symptom checklist for HIV (SSCeHIV rev) [31]
and self-completed HIV symptom index [32]. These two tools are
Table 2
Baseline demographics.

Characteristic Full sample (n ¼ 61) Interventio

Age 36.18 ± 8.51 (22e62) 36.94 ± 8.4
Gender
Male 60 (98.4) 30 (96.8)
Female 1 (1.6) 1 (3.2)

Ethnic groups
Han 59 (96.7) 29 (93.5)
Minority 2 (3.3) 2 (6.5)

Educational attainment
College or less 25 (41.0) 17 (54.8)
University or above 36 (59.0) 14 (45.2)

Religion
No 44 (72.1) 21 (67.7)
Yes 17 (27.9) 10 (32.3)

Employment status
Employed 54 (88.5) 27 (87.1)
Unemployed 2 (3.3) 1 (3.2)
Sick leave at home 2 (3.3) 1 (3.2)
Retired 3 (4.9) 2 (6.5)

Household registry
Shanghai 37 (60.7) 19 (61.3)
Non-shanghai 24 (39.3) 12 (38.7)

Marital status
Single 50 (82) 24 (77.4)
Unmarried with a stable partner 5 (8.2) 2 (6.5)
Widowed 6 (9.8) 5 (16.1)

Monthly income (CNY)
Less than 5,000 12 (19.7) 9 (29.0)
5,000e10,000 26 (42.6) 12 (38.7)
More than 10,000 23 (37.7) 10 (32.3)
Months of HIV diagnosis 25.00 (48.00) 24.00 (56.0
Months of taking ART 21.00 (33.50) 16.00 (41.0

Latest CD4þ T-cell count (/ml)
Less than 300 19 (31.1) 9 (29.0)
300e500 22 (36.1) 13 (41.9)
More than 500 20 (32.8) 9 (29.0)

Latest viral load
Undetectable 46 (75.4) 24 (77.4)
Detectable 15 (24.6) 7 (22.6)

ART prescription
Free ART 56 (91.8) 30 (96.8)
TDFþ3 TC þ EFV 33 (54.1) 19 (61.3)
AZTþ3 TC þ EFV 7 (11.5) 3 (9.7)
ABCþ3 TC þ EFV 5 (8.2) 3 (9.7)
TDFþ3 TC þ LPV/r 3 (4.9) 1 (3.2)
AZTþ3 TC þ LPV/r 4 (6.6) 2 (6.5)
ABCþ3 TC þ LPV/r 2 (3.3) 1 (3.2)
AZTþ3 TC þ NVP 1 (1.6) 1 (3.2)
ABCþ3 TC þ NVP 1 (1.6) 0 (0)

Self-paying ART 5 (8.2) 1 (3.2)
TDFþ3 TC þ DTG 2 (3.3) 0 (0)
TDFþ3 TC þ RAL 1 (1.6) 0 (0)
ABCþ3 TC þ DTG 1 (1.6) 0 (0)
FTC/TDF þ DTG 1 (1.6) 1 (3.2)

Note: Data are n (%),Median (IQR), orMean ± SD (range). a independent sample t-test; b Fis
3TC, EFV, AZT, ABC, LPV/r,NVP. Self-paying ART in China: DTG, RAL, FTC/TDF. ART ¼ anti
AZT ¼ Zidovudine. ABC ¼ Abacavir. LPV/r ¼ Lopinavir/ritonavir. NVP ¼ Nevirapine. DTG
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widely used, reflecting common symptoms of PLWH, and have
been applied to Chinese PLWH [17,33]. Each symptomwas assessed
in terms of symptom severity (range from 0 to 3), symptom distress
(range from 0 to 3), knowledge of symptom reasons (range from 1
to 5), knowledge of symptom self-management (range from 1 to 5),
and certainty of symptom self-management (range from 1 to 5)
during the past 4 weeks.

3.4.3. Quality of life (QoL)
QoL was assessed using the Cantril Ladder instrument [34]. This

assessment tool provided a picture of a ladder numbered from 0 to
10. The top of the ladder indicated the best possible QoL and the
bottom of the ladder represented the worst possible QoL that
n group (n ¼ 31) Control group (n ¼ 30) c2/Z/t P

5 (22e62) 35.40 ± 8.64 (23e54) 0.120 0.702a

e 1.000b

30 (100.0)
0 (0.0)

e 0.492b

30 (100.0)
0 (0.0)

5.003 0.025c

8 (26.7)
22 (73.3)

0.604 0.570c

23 (76.7)
7 (23.3)

e 1.000b

27 (90.0)
1 (3.3)
1 (3.3)
1 (3.3)

0.011 1.000c

18 (60.0)
12 (40.0)

e 0.266b

26 (86.7)
3 (10.0)
1 (3.3)

�1.500 0.134d

3 (10.0)
14 (46.7)
13 (43.3)

0) 28.50 (39.25) �0.570 0.569d

0) 21.00 (27.75) �0.368 0.713d

�0.168 0.866d

10 (33.3)
9 (30.0)
11 (36.7)

0.137 0.772c

22 (73.3)
8 (26.7)

e 0.195b

26 (86.7)
14 (46.7)
4 (13.3)
2 (6.7)
2 (6.7)
2 (6.7)
1 (3.3)
0 (0)
1 (3.3)
4 (13.3)
2 (6.7)
1 (3.3)
1 (3.3)
0 (0)

her’s exact test; c chi-square test; d Wilcoxon rank-sum test. Free ART in China: TDF,
retroviral therapy. TDF ¼ Tenofovir disoproxil. 3TC ¼ Lamivudine. EFV ¼ Efavurebz.
¼ Dolutegravir. RAL ¼ Raltegravir. FTC/TDF ¼ Emtricitabine/Tenofovir disoproxil.
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participants could imagine. Participants scored their QoL on the
ladder based on their conditions in the past four weeks.

3.4.4. Medication adherence
The visual analog scale (VAS) [35] was used to assess ART

medication adherence. Participants were asked to mark a linear
scale to indicate their adherence (ranging from 0 % to 100 %) in the
past four weeks.

3.4.5. Perceived social support
One item was applied to measure perceived social support. “I

feel I can get help and support in disease management.” The par-
ticipants’ responses were recorded from 1 (strongly disagree) to 7
(strongly agree).

3.5. Sample size

Previous studies showed mHealth apps could greatly improve
participants’ health knowledge [36,37]. Although our study is the
first attempt to test the effects of SMI based on amHealth app on the
symptom management knowledge among PLWH, we anticipated a
large effect size (Cohen’s d¼ 0.8) in the sample size calculation. We
defined the power as 80 % and the statistical significance as 0.05.
Considering an attrition rate of 15 %, we assigned the final sample
size as 60, with at least 30 participants in each group.

3.6. Randomization

The SM app was released before the recruitment. We performed
randomization after the recruitment. Participants registered their
contact information (telephone number and WeChat ID) after
consented to participate in our study. Researchers gave a brief
introduction of the SM app to all participants. Participants could
download the SM app according to their needs and preferences in
site. After we completed the recruitment, one research staff who
was blind in the recruitment used WPS Office software to generate
the random sequence and sort the random numbers by size. The
participants were randomly assigned to either the control group or
the intervention group.

3.7. Allocation concealment

Participants in the intervention group were informed to
participate in the group sessions, but not the assignment. Partici-
pants in the control group did not receive any message and did not
know that group sessions were part of the intervention.

3.8. Blinding

Interventionists were not blinded because they were disclosed
the research purpose, and they provided in-person intervention for
participants. A clinical nurse who did not participate in the inter-
vention collected data after the intervention. Participants
completed online questionnaires via WeChat or the SM app, which
took them 10e15 min to complete. Clinical information was
collected from participants’ medical records, including length of
time since the first diagnosis of HIV, length of ART, CD4þ T-cell
count, viral load, and ART prescriptions.

3.9. Data analysis

Our original data were input into Stata 13.0 (Stata Crop, College
Station, Texas, USA). Data restoration was double-checked by two
researchers. The intent-to-treat (ITT) strategy was used to analyze
the data. We applied the baseline observation carried forward
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(BOCF) strategy [38] to fill out the missing data after the inter-
vention. All data from the 61 participants were included in the
statistical analysis. For descriptive analyses, the continuous vari-
ables were summarized using the mean and standard deviation
(SD), or median and Inter Quartile Range (IQR). The categorical
variables were summarized using frequency (n) and percentage (%).
All continuous variables were checked for normality (skew-
ness < 3.0, kurtosis <8.0) [39]. Both parametric and non-parametric
statistical methods, including independent sample t-test, Chi-
square test, Fisher’s exact test and Wilcoxon rank-sum test were
applied to compare the baseline characteristics between groups.
Linear mixed models and generalized linear mixed models (nega-
tive binomial model) were conducted to test the intervention ef-
fects for continuous outcomes with and without normality,
respectively. Covariates for mixedmodels included age, educational
attainment, monthly income, and CD4þ T-cell count.

4. Results

4.1. Participant flow

The recruitment was conducted between December 2017 and
January 2018 in the SPHC outpatient center. A total of 61 partici-
pants were successfully recruited and randomly assigned to either
the intervention or the control group. The intervention was
implemented from January 2018 to February 2018. Seven partici-
pants dropped out after the intervention with reasons of rejection
and loss of contact. After filling out the missing data based on the
BOCF strategies, all the participants were included in the data
analysis. The enrollment process is depicted in Fig. 3.

4.2. Participant characteristics

Table 2 describes the demographic characteristics of the par-
ticipants. All the demographic variables were comparable between
the two groups, except the educational attainment: participants in
the intervention group had higher levels of education (P ¼ 0.025).
Of the 31 participants in the intervention group, 16 participated in
symptom management group sessions and 15 did not. Participants
who participated in group sessions did not show a difference in
demographic characteristics with participants who did not partic-
ipate in group sessions (Appendix B Table 1).

Table 3 depicts the prevalence of symptom severity and symp-
tom distress at baseline. Fatigue, sleep problems, and difficulty
remembering were the top three most common symptoms. Aside
from several prevalent physical and cognitive symptoms, mental
symptoms also exhibited a high prevalence. More than half of the
participants reported that they had anxious symptoms or depres-
sive symptoms. Although the prevalence of symptom distress was
generally lower than symptom severity, these common symptoms
also had a high prevalence of symptom distress. Approximately half
of the participants considered fatigue, sleep problems, difficulty
remembering, anxious symptoms and depressive symptoms as one
of their symptom distresses. The majority of symptom severity and
symptom distress were comparable between the two groups.

4.3. Intervention effects

As demonstrated in Table 4, participants in the intervention
group significantly improved their knowledge of symptom reasons
and symptom self-management than the participants in the control
group after the intervention (P < 0.01). Compared with the control
group, the intervention group showed more significant improve-
ment, 11.47 points (95% CI: 3.41, 19.53) in the score of symptom
reasons knowledge and 12.80 points (95% CI: 4.55, 21.05) in the



Fig. 3. Enrollment summary diagram.
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score of symptom self-management knowledge after controlling
for covariates. Intervention effects were also significant on the
certainty of symptom self-management (P < 0.01), which indicated
that the SMI could also help PLWH improve their self-efficacy of
symptommanagement. Moreover, participants who participated in
group sessions in the intervention group (n ¼ 16) showed more
significant improvement after intervention compared with those
who did not attend (n ¼ 15), knowledge of symptom reasons
(Z ¼ �2.109, P ¼ 0.035), knowledge of symptom measures
(Z ¼ �2.445, P ¼ 0.014), and symptom certainty (Z ¼ �2.674,
P ¼ 0.007) (Appendix B Table 2). Results of the mixed models
showed that there were no statistically significant differences be-
tween the intervention and control groups in other outcomes,
including symptom severity, symptom distress, ART medication
adherence, and perceived social support.

5. Discussion

To our knowledge, this is the first known attempt in China to
provide SMIs based on symptom management group sessions
combined with a mHealth app for PWLH. Results of this study
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showed that a four-week-long SMI could significantly improve
PLWH’s symptom management knowledge and self-efficacy of
symptom self-management. However, the effects on the symptom
severity, symptom distress, ART medication adherence, perceived
social support, and QoL were uncertain.

Previous studies among other populations have confirmed the
effects of mHealth apps on improving participants’ self-
management knowledge [36,37,40]. In our study, we assessed
symptom management knowledge in terms of symptom reasons
and symptom self-management. Both dimensions showed signifi-
cant differences. The SM app provided a reliable, evidence-based
symptom management resource platform to help PLWH improve
health knowledge. Besides, the group sessions also encouraged
them to learn more about the functions of the app, discuss their
questions and confusions.

The improvement in symptom certainty in the intervention
group indicates that the SMI will help PLWH deal with current
symptoms and cope with other symptoms that may occur in the
future. We consider this result mainly due to the improvement of
symptom management knowledge. PLWH may only pay attention
to the current or distressing symptoms. They might not be aware of



Table 3
Frequency of symptoms at baseline.

Symptom Total sample (n ¼ 61) Intervention group (n ¼ 31) Control group (n ¼ 30) c2 P

Symptom severity
Fatigue 38 (62.3) 18 (58.1) 20 (66.7) 0.480 0.488
Dizziness 24 (39.3) 8 (25.8) 16 (53.3) 4.841 0.028
Headache 14 (23.0) 8 (25.8) 6 (20.0) 0.291 0.590
Fever 10 (16.4) 4 (12.9) 6 (20.0) e 0.508a

Difficulty remembering 37 (60.7) 17 (54.8) 20 (66.7) 0.894 0.344
Difficulty falling or staying asleep 38 (62.3) 18 (58.1) 20 (66.7) 0.480 0.488
Blurred vision 23 (37.7) 10 (32.3) 13 (43.3) 0.796 0.372
Rash, Itchy skin 20 (32.8) 8 (25.8) 12 (40.0) 1.394 0.238
Ulcers or white spots in mouth 20 (32.8) 10 (32.3) 10 (33.3) 0.008 0.929
Muscle and joint pain 28 (45.9) 13 (41.9) 15 (50.0) 0.399 0.527
Numbness/tingling of hands or feet 18 (29.5) 9 (29.0) 9 (30.0) 0.007 0.934
Decreased appetite 14 (23.0) 6 (19.4) 8 (26.7) 0.461 0.497
Diarrhea 31 (50.8) 14 (45.2) 17 (56.7) 0.807 0.369
Nausea or vomiting 20 (32.8) 7 (22.6) 13 (43.3) 2.980 0.084
Fat redistribution 18 (29.5) 7 (22.6) 11 (36.7) 1.454 0.228
Shortness of breath 15 (24.6) 8 (25.8) 7 (23.3) 0.050 0.823
Perianal neoplasms 12 (19.7) 7 (22.6) 5 (16.7) 0.337 0.561
Anxiety 33 (54.1) 12 (38.7) 21 (70.0) 6.011 0.014
Depression 36 (59.0) 14 (45.2) 22 (73.3) 5.003 0.025
Symptom distress
Fatigue 34 (55.7) 15 (48.4) 19 (63.3) 1.380 0.240
Dizziness 21 (34.4) 7 (22.6) 14 (46.7) 3.918 0.048
Headache 13 (21.3) 7 (22.6) 6 (20.0) 0.061 0.806
Fever 9 (14.8) 4 (12.9) 5 (16.7) e 0.731a

Difficulty remembering 33 (54.1) 15 (48.4) 18 (60.0) 0.828 0.363
Difficulty falling or staying asleep 32 (52.5) 15 (48.4) 17 (56.7) 0.419 0.517
Blurred vision 22 (36.1) 9 (29.0) 13 (43.3) 1.352 0.245
Rash, Itchy skin 19 (31.1) 8 (25.8) 11 (36.7) 0.838 0.360
Ulcers or white spots in mouth 15 (24.6) 7 (22.6) 8 (26.7) 0.137 0.711
Muscle and joint pain 23 (37.7) 11 (35.5) 12 (40.0) 0.132 0.716
Numbness/tingling of hands or feet 16 (26.2) 8 (25.8) 8 (26.7) 0.006 0.939
Decreased appetite 13 (21.3) 6 (19.4) 7 (23.3) 0.144 0.704
Diarrhea 28 (45.9) 12 (38.7) 16 (53.3) 1.313 0.252
Nausea or vomiting 18 (29.5) 6 (19.4) 12 (40.0) 3.124 0.077
Fat redistribution 18 (29.5) 7 (22.6) 11 (36.7) 1.454 0.228
Shortness of breath 13 (21.3) 7 (22.6) 6 (20.0) 0.061 0.806
Perianal neoplasms 10 (16.4) 5 (16.1) 5 (16.7) e 1.000a

Anxiety 30 (49.2) 11 (35.5) 19 (63.3) 4.731 0.030
Depression 35 (57.4) 13 (41.9) 22 (73.3) 6.146 0.013

Note: Data are n (%). a Fisher’s exact test

Table 4
Intervention effects on outcomes.

Outcomes Baseline After intervention Difference between groups

Intervention group (n¼ 31) Control group
(n ¼ 30)

Intervention group
(n ¼ 31)

Control group
(n ¼ 30)

Estimate Standard
error

P

Knowledge of symptom reasons 56.00 (28.00) 45.50 (27.00) 52.00 (30.00) 44.50 (24.50) 11.472 4.113 0.005 a

Knowledge of symptom
measures

54.00 (29.00) 41.00 (24.00) 54.00 (29.00) 44.00 (25.75) 12.803 4.210 0.002 a

Symptom certainty 55.00 (30.00) 41.50 (22.25) 54.00 (30.00) 44.00 (21.00) 11.946 4.278 0.005 a

Number of symptoms 4.00 (9.00) 8.00 (7.50) 5.00 (7.00) 8.00 (7.00) �1.811 1.160 0.119 a

Overall symptom severity 5.00 (15.00) 11.50 (12.25) 6.00 (11.00) 12.00 (12.25) �2.898 2.065 0.161 a

Number of distress symptoms 3.00 (8.00) 7.50 (7.25) 3.00 (8.00) 6.00 (9.00) �1.521 1.189 0.201 a

Overall symptom distress 4.00 (14.00) 10.00 (12.25) 4.00 (12.00) 10.00 (15.25) �1.952 2.342 0.405 a

ART medication adherence 100.00 (1.00) 100.00 (0.00) 100.00 (2.00) 100.00 (1.00) �6.999 4.281 0.102 a

Perceived social support 4.48 ± 1.46 (2e7) 5.13 ± 1.50 (3e7) 5.15 ± 1.35 (1e7) 5.04 ± 1.32 (1e7) �0.360 0.280 0.199 b

Quality of life 7.32 ± 2.17 (0e10) 6.87 ± 2.13 (0e10) 7.96 ± 1.74 (2e10) 6.93 ± 1.80 (1e10) 0.670 0.369 0.069 b

Note: Data are Median (IQR), or Mean ± SD (range). a generalized linear mixed model; b linear mixed model.
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other functions and knowledge in the app before encountering
problems. Group sessions could help participants become more
aware that symptommanagement is a long-term and dynamic task.
They can look for relevant information on the SM app in the future
if needed. It is also necessary to learn about other relevant
knowledge to deal with other potential risks and problems.
Therefore, participating in group sessions is helpful for improving
the use of the SM app function in full capacity.
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Multiple intervention strategies have been proposed for HIV
symptom management. However, their intervention effects on
symptom severity and/or symptom distress were also inconsistent
[21,23,27]. Particularly, Schnall et al. developed the mobile Video
Information Provider (mVIP) app in the United States of America to
provide PLWH with symptom management strategies for 13
symptoms, which is similar to our intervention to some extend
[27]. Their 12-week intervention indicated of the 13 symptoms, five
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symptoms showed significant improvement in the intervention
group [27]. Webel reported that a seven-week peer-based symp-
tom management intervention for PLWH did not show significant
effects on symptom intensity [23]. The direct effects of our SMI on
symptom management among our participants were not signifi-
cant. We speculate that several reasons may explain the results.
First, the SM app is a tool to provide information and support for
PLWH, but not a direct service. Although the app provides
evidence-based knowledge, it requires PLWH to put it into practice.
Second, our intervention only lasted four weeks, which may not be
long enough to help PLWH ameliorate their symptoms. Third, the
relatively small sample may not have sufficient power to detect a
statistical significance for these secondary outcomes.

The effects of our SMI on ART medication adherence, perceived
social support, and QoL are also uncertain in our study, which are
consistent with previous HIV symptom management studies
[21,23]. Given we used brief self-report tools to assess ART medi-
cation adherence, perceived social support, and QoL, these brief
reporting measures may not be sensitive enough to show changes.
Schnall et al. [27] also did not verify the effects of the mVIP app on
ART medication adherence among PLWH via VAS. However, they
showed significant improvement in ART medication adherence via
the CASE Adherence Index, which had more items than VAS.
Therefore, future studies should employ other more sensitive tools
in assessing the effects of ART medication adherence. Besides,
similar to manymHealth apps, our app only provides informational
support [41], which is also an important reason that tested insig-
nificant effects on perceived social support.

It is worth noting that more than half of the participants in the
intervention group did not participate in any group sessions. We
think it may be associated with the following factors. First, the
interventionwas conducted between January and February, and the
cold weather might have discouraged participants from partici-
pating in the in-person sessions. Second, the group sessions were
only conducted in the SPHC. As the only data collection site in
Shanghai, it may be inconvenient for some of the participants to
travel to attend group sessions. Third, reasons reported by partici-
pants for not being able to participate in group sessions included
not being interested in the topics and busy schedules. We believe
that participants also lack sufficient willingness to participate in
group sessions. Although apps for PLWH only account for aminimal
percentage of all health-related apps, existing HIV apps have
generally failed to attract the attention of target audiences [42]. The
design of the topics and contents at group sessions are based on the
main modules from SM app. That may also be one of the important
reasons for discouraging participants from attending group ses-
sions. This phenomenon highlights the advantages and necessity of
online intervention. Additionally, it also reminds researchers and
practitioners of the challenges of generalizing and promoting the
usage of the SM app. More innovative strategies are needed in the
future to help maintain sustainability and promote the usage of the
SM app. Moreover, future research is needed to learn about PLWH's
experiencewith SMI. The SM appwill continue to revise and update
according to the user’s feedback.

This study has several limitations. First, only PLWH residing in
Shanghai were recruited. As a single-center study, participants in
our study are unable to represent PLWH as a whole in China. Sec-
ond, we did not conduct follow-up after the intervention, which
could not test the intervention effects for a longer-term. Third, the
SM app does not have the function of recording users’ operation
information (frequency, module, time length, etc.). Therefore, we
did not have usability outcomes in the study.
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6. Conclusion

Our study demonstrates that an SMI based on symptom man-
agement group sessions combined with a mHealth app can
improve PLWH’s symptom management knowledge and certainty
of symptom self-management within four weeks. Multi-center
studies with larger sample sizes and longer follow-ups are
needed to further understand the effects of the SM app on
ameliorating symptom severity and symptom distress. More
innovative strategies are warranted to promote and maintain the
sustainability of the SM app.
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