Risk Management and Healthcare Policy

Dove

ORIGINAL RESEARCH

Factors Influencing the Intention of MSM to Use
the PrEP Intelligent Reminder System

Yingjie Ma
Xiaoni Zhong
Bing Lin

Wei He

Department of Epidemiology and Health
Statistics, School of Public Health and
Management, Chongging Medical
University, Chongqing, People’s Republic
of China

Correspondence: Xiaoni Zhong
Department of Epidemiology and Health
Statistics, School of Public Health and
Management, Chongqing Medical
University, | Yixue Road, Chongging,
400016, People’s Republic of China

Tel +8613308368059

Email zhongxiaoni@cqmu.edu.cn

Purpose: Low adherence to medication is an important reason why pre-exposure prophy-
laxis (PrEP) is not effective at reducing the rate of new human immunodeficiency virus
(HIV) infections among men who have sex with men (MSM). The intelligent reminder
system (IRS) has been designed to improve user compliance, but the intention of MSM to
use the IRS remains unclear. This study establishes a theoretical model to analyze the factors
influencing their intention to use the IRS.

Patients and Methods: Non-probability sampling was used to recruit MSM volunteers in
Chongqing and Sichuan, China, and the data were collected from MSM who had used the
IRS. A model based on the unified theory of acceptance and use of technology (UTAUT) was
established for the data through a structural equation model, and the perceived privacy risk
was considered to explore the subjects’ behavior intention.

Results: A total of 111 volunteers who had used the IRS filled out a questionnaire. Social
influence had the greatest impact on behavior intention (f = 0.360, P < 0.001), followed by
performance expectancy (f = 0.331, P < 0.001), and perceived privacy risk had a negative
impact on behavior intention (f = —0.151, P = 0.040). In addition, social influence had an
indirect effect on behavior intention (f = 0.182, P = 0.003) and performance expectancy
played a mediating role in this indirect effect.

Conclusion: Developments in the IRS are required to improve its usefulness and adequately
explain its role when recommending it to MSM. It is also important to improve the system’s
ability to protect user privacy. Clinical evidence for the effectiveness of the IRS is conducive
to its widespread use.

Keywords: AIDS, men who have sex with men, behavior intention, medication reminder,
structural equation model

Introduction

Acquired immunodeficiency syndrome (AIDS) is a major public health problem.
Around 36.9 million people were infected with the human immunodeficiency
virus (HIV) worldwide at the end of 2017." As the largest developing country in
the world, China has a particularly prominent AIDS problem. From 2004 to 2016,
the number of HIV/AIDS cases in China rose from 0.2349 to 3.9898 per 100,000
people, and the number of AIDS-related deaths rose from 0.0570 to 1.0342 per
100 AIDS patients. The number of new HIV infections rose from 1.0199 to
6.4416 per 100,000 people in the same period, indicating that the situation in
China is worsening.” From January to July, 2018, there was a sudden increase in
the number of new HIV infections in China, reaching 91,301 cases.” Key relevant
groups and their sexual partners accounted for a large portion of these cases,
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especially among men who have sex with men (MSM).
The increasing trend of HIV transmission owing to
homosexual activities is serious, and the rate of HIV
infection of MSM is 200 times that of the general popu-
lation. Between 2006 and 2015, 120,371 cases of AIDS
were identified among MSM in China, and the number of
new self-reported HIV cases among MSM increased
from 487 to more than 30,000.* Although China has
stepped up efforts to control the spread of the virus,
systematic evaluation has shown that the rate of HIV
testing among China’s MSM is still very low.” Low
HIV testing rates result in the continued transmission of
HIV among MSM. According to one report, male homo-
sexual sex has become the leading cause of new HIV
infections in the United States, accounting for 67% of the
total.® China’s AIDS epidemic is approaching the scale
of that of the United States,” and cases of are increas-
ingly becoming concentrated among MSM.*"* MSM in
southwest China have the highest HIV infection rate,
this 10%
Chongging.’

where has exceeded in Sichuan and

Although no drug or treatment can cure AIDS, HIV is
preventable, and it is particularly important to take pre-
ventive measures to reduce its spread. Pre-exposure pro-
phylaxis (PrEP) is the administration of antiretroviral
(ARV) drugs to reduce the risk of HIV infection through
sexual transmission in HIV-negative people.'® Two regi-
mens are commonly used in clinical trials: (1) 300 mg of
tenofovir disoproxil fumarate (TDF), orally, and once
daily; and (2) 300 mg of tenofovir disoproxil fumarate
(TDF) and 200 mg of emtricitabine (FTC), orally, and
once a day. Among MSM who are not infected by HIV,
the efficacy and safety of long-term use of PrEP to prevent
new HIV infection has been confirmed.'®'? The US
Centers for Disease Control and Prevention found that
the use of PrEP can reduce the rate of HIV infection in
high-risk individuals by more than 90%.'* In 2015, the
WHO officially included PrEP in its guidelines for pre-
venting HIV infection in people who engage in high-risk
sexual behaviors, indicating that PrEP is now a recognized
means of preventing HIV infection.'* To reduce the num-
ber of new HIV infections by 90% within 10 years and end
the HIV epidemic, it is vital to increase the use of PrEP.°
We conducted a nearly 13-year study (2008 to 2021) on
the use of PrEP among MSM in Chongqing and Sichuan,
during which we provided PrEP to subjects free of charge.
However, the effectiveness of PrEP is related to whether
high-risk individuals take their medication on time.

Improve their compliance with PrEP is thus worth
investigating.

PrEP cannot adequately prevent HIV infection in MSM
with low adherence. To solve the problems encountered in
medication compliance, such as forgetting to take medicine,
taking too much medicine, and taking the wrong medicine, '’
a large number of intelligent reminder systems (IRS) and
intelligent medicine boxes have been developed in recent
years. The IRS is an intelligent system designed to remind
people to take their medicine.'® Some studies have explored
the use of reminders to improve PrEP adherence in the
United States,'”'® but doing so by using the short message
service (SMS) and apps is expensive, and cannot guarantee
user privacy. A study has also shown that MSM tend to
protect their privacy by not using devices that can compro-
mise their personal information.'® Therefore, it is important
to establish a system designed for MSM. IRS-related
research is still rare in China, however. MSM are often
afraid of being exposed, stigmatized, and discriminated

20-22 especially in China.”** In traditional Chinese

against,
culture, homosexuality is considered a disgrace.*” In light of
this, we subjected the manner in which the IRS sends
reminders to users and its interface to privacy processing
so that outsiders who accidentally see the content of the IRS
cannot recognize its meaning, and anonymized the collected
data to reduce the risk of exposing user privacy. We establish
this system based on WeChat, a popular social media net-
work in China. However, the willingness of MSM to use the
IRS remains unknown, and its success depends on its accep-
tance among them.

The technology acceptance model (TAM) and the uni-
fied theory of acceptance and use of technology (UTAUT)
can be used to examine people’s willingness to use a new
system. The UTAUT has been developed on the basis of
the TAM, and expands the factors affecting people’s will-
ingness to use. The UTAUT has greater explanatory power
with regard to the acceptance of technologies than the
TAM.?° This study analyzes the willingness of MSM to
use the IRS through the UTAUT, provides suggestions for
the production and improvement of such products, and
proposes measure to improve the adherence to PrEP
among MSM.

Materials and Methods

Theoretical Framework and Hypotheses
The UTAUT has been widely used in smart medicine, and
many researchers have expanded the basic UTAUT. Hoque
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et al added anxiety regarding technology and resistance to
change to it to study the main factors influencing the inten-
tion of the elderly to use mobile health services.?” In a study
on people’s intention to use wearable medical devices, Wang
et al combined the task-technology fit with the UTAUT and
claimed that it positively affects user intention.”® Zhang et al
claimed that the perceived threat of a disease is the main
factor influencing diabetic patients’ intention of using dia-
betes management apps, and the risk of exposure of privacy
is the factor influencing actual use of diabetes management
apps.”’ By using past work as well as the characteristics of
MSM, this study adds the dimension of perceived privacy
risk to the UTAUT to explore the factors influencing the use
of IRS by MSM. The proposed model is shown in Figure 1.

In this study, performance expectancy refers to the
degrees of improvement in medication compliance and
reduction in HIV infection among MSM individuals after
using the IRS. In general, we think that the higher the
performance expectancy of a new system is, the more
willing are people to use it. Performance expectancy is
the most important factor affecting their intention to use,
because of which we pose hypothesis 1:

HI1: Performance expectancy positively affects the
intention of MSM to use the IRS.

Effort expectancy refers to the difficulty encountered by
MSM to learn to operate the IRS. In general, we believe that

Performance expectancy

A

Social influence

Effort expectancy

Facilitating condition

Figure | Research model.

the easier a new system is to learn and use, the more willing
are people to use it. Therefore, we establish hypothesis 2:

H2: Effort expectancy positively affects the willingness
of MSM to use the IRS.

Social influence refers to the support of people or
doctors who are closely related to MSM in the context of
their use of the IRS. In general, we believe that the higher
the support provided by the users’ relatives and friends is
for using a new system, the more willing are the users are
to use this system. Therefore, hypothesis 3 is established:

H3: Social influence can positively affect the intention
of MSM to use the IRS.

In a study of web-based interactive self-management
techniques, social influence was found to indirectly affect
behavior intention through performance expectancy.*® In gen-
eral, doctors’ opinions often play an important role in forming
their patients opinions, and the system recommended by them
is considered useful. Therefore, the performance expectancy
of MSM pertaining to the IRS may be affected by doctors’
opinions. Therefore, hypothesis 4 is established:

H4: Social influence can positively affect the perfor-
mance expectancy of MSM with regard to the IRS.

Facilitating conditions refer to whether MSM have the
necessary materials, such as a mobile phone, WeChat, and
mobile data, to use the IRS. Because the IRS reminds
users to take medicine through WeChat, the materials

Behavior intention

Perceived privacy risk
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required as facilitating conditions are the ones described
above. In general, we believe that the greater the lack of
materials is to use a new system, the less often will they
use the new system. Therefore, hypothesis 5 is established:

HS: Facilitating conditions can positively affect the
intention of MSM to use the IRS.

As MSM are often afraid of their privacy being
exposed, stigmatized, and discriminated, their intention to
use the IRS is affected. In general, we believe that the
greater the risk of privacy leakage is, the less willing are
MSM to use a new system. Hypothesis 6 is thus posed:

H6: Perceived privacy risk negatively affects the inten-
tion of MSM to use the IRS.

Data Collection

The data were taken from “The study on improving the
compliance of pre-exposure prophylaxis in MSM based on
intelligent reminder system to reduce new HIV infec-
tions,” initiated by the Ministry of Science and
Technology of China (2012ZX10001-007). In this study,
non-probability sampling was used in Chongqing and
Sichuan in the southwest of China, and MSM volunteers

Construct ltems
Performance

expectancy
PE1 The intelligent reminder system can remind me to take my medication on time.
PE2 The intelligent reminder system can better teach me the knowledge of AIDS prevention (if the

knowledge of AIDS prevention is provided).
Effort expectancy

EE1 It's easy to learn how to use the intelligent reminder system.
EE2 It's easy to actually use the intelligent reminder system.

Social influence

S Doctors suggest me using the intelligent reminder system and | agree with the them.

SI2

People close to me think | should use an intelligent reminder system, and | agree with
them.

Facilitating condition

| have the resources required to use the intelligent reminder system (such as network,

FC1 mobile phone, WeChat).
FC2 | have the knowledge of using mobile phone, network and WeChat.
FC3 When | have trouble using the intelligent reminder system, | can get help from others.

Perceived privacy

risk
PPR1 | am worried about that my information will be leaked if | use the intelligent reminder
system.
PPR2 | am concerned that my information might be used for other purposes if | use the

intelligent reminder system.

Behavior intention

BI1

| would like to use or continue to use the intelligent reminder system.

Figure 2 Questionnaire.
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(gay or bisexual) were recruited by means of peer intro-
duction, gay working groups, and gay websites by coop-
erating with non-government organizations (NGOs),
publishing information on gay websites, and the “snow-
ball” method. The MSM volunteers were randomly
divided into two groups: the IRS group and the non-IRS
group. In the informed consent, we asked MSM in the IRS
group to take PrEP through the IRS, to which they agreed.
The
followed.

inclusion and exclusion criteria were strictly

Inclusion criteria: (1) men who have sex with men,
aged 18-65; (2) HIV negative; (3) frequency of sexual
intercourse once every 2 weeks or more; (4) intercourse
with one or more male sexual partners a month before the
trial; (5) willingness to use research medication and IRS
under the guidance and adhere to follow-up arrangements.

Exclusion criteria: (1) a positive HIV antibody test
result at the time of screening; (2) HBsAg (hepatitis
B surface antigen) or anti-HBc¢ (hepatitis B core antibody)
positive; (3) having a serious illness that the investigator
believed might have affected the intervention, follow-up,
or evaluation of the volunteers; (4) having received other
study medications three months before the screening; (5)
inability or unwillingness to provide informed consent, or
inability to comply with test requirements.

Inclusion criteria for re-screening: HIV negative after
taking the drug for one month.

The subjects of this study were MSM from the IRS
group. After three months of using the IRS, a follow-up
was conducted using a questionnaire. All questions in the
questionnaire were set from previous studies on the accep-

tance of health information technology, and some items

Table | Convergent Validity and Reliability Analysis

were deleted or replaced according to the research back-
ground to adapt it to this research. This ensured good
surface validity, content validity, and structural validity
(see Figure 2). All items were measured on a five-point
Likert scale, with “1” representing “strongly disagree” and
“5” representing “strongly agree.” The questionnaire was
filled out by the MSM, and a total of 111 filled-out ques-
tionnaires were collected.

Data Analysis

The demographic characteristics of MSM were analyzed
by using the SAS9.4 software (Version 9.4. Raleigh, North
Carolina: SAS Corp;2021). AMOS26.0 (Version 26.0.
Armonk, NY: IBM Corp; 2021) was used to evaluate the
reliability of the construct and the structural model.
Reliability was measured by Cronbach’s alpha and com-
posite reliability, both of which needed to be greater than
0.70.>! We measured the validity of convergence based on
the average variance extracted (AVE), and a value higher
than 0.50 indicated that the construct had good conver-
gence. The discriminant validity was acceptable if the
correlation coefficient between structures was less than
the square-root of the corresponding structure. The
model fit was generally considered acceptable if y*/df
was less than three; the goodness of fit index, normed fit
index, and comparative fit index were all above 0.90, and
the root mean-squared error of approximation was less
than 0.08. For the structural model, 2000 bias-corrected
samples were extracted to calculate the path coefficients
and their significance, and the total, direct, and indirect
effects of the variables were calculated. A P-value (two-
tailed) less than 0.05 was considered to have significant

Constructs Items Factor Loadings CR(>0.7) AVE(>0.5) Cronbach’s a
PE PEI 0.877 0.906 0.828 0.840
PE2 0.942
EE EEI 0.831 0.844 0.731 0.746
EE2 0.878
S| SI 0.881 0.863 0.759 0.778
SI2 0.861
FC FCI 0913 0.881 0.715 0.791
FC2 0914
FC3 0.689
Abbreviations: PE, performance expectancy; EE, effort expectancy; Sl, social influence; FC, facilitating condition.
Risk Management and Healthcare Policy 2021:14 https: 4743
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Table 2 Discriminant Validity

Square Root of AVE PE EE Sl FC
PE 0910

EE 0.984 0.855

N 0.930 0.965 0.871

FC 0.926 0.960 0.908 0.846

Abbreviations: PE, performance expectancy; EE, effort expectancy; S, social
influence; FC, facilitating condition.

effects. R was used to represent the explanatory degree of
the independent variables with respect to the dependent
variables.

Results

Demographic Characteristics of MSM

In our study, the average age of MSM was 29.95 years
(ranging from 17 to 54). Of them, 58.18% were from
urban areas, 98.20% were Han, only 8.11% had not
attended high school, 71.17% had jobs, 24.32% were
81.08% were unmarried, and 66.97% had
a monthly salary less than 5000 yuan.

students,

Measurement Model Testing

The composite reliability, Cronbach alpha, and AVE of each
construct are shown in Table 1. They were all greater than
their recommended values, which indicates good reliability
and convergent validity. As shown in Table 2, the correlation
coefficient between any pair of dimensions was greater than
the AVE, because of which the discriminant validity of each
dimension needed to be further verified. Model comparison
was used to assess the discriminant validity of each dimen-
sion in this study. Model 2 was established by setting the
standardized correlation coefficient of each dimension to
one, and the P-value of the model comparison was less
than 0.05, which means that the discriminant validity of
the measurement model was acceptable Table 3 shows the
fitting index of the measurement model. All fitting index
values were within the reference range except for the root
mean square of the asymptotic residual, which indicates that
the collected data fitted the measurement model well.

Table 3 Fit Indices

Structural Model Testing

Figure 3 and Table 4 show that two of the six hypotheses
(H2 and HS5) were rejected, and the standardized regres-
sion weights of all other links were significant (P < 0.05).
Performance expectancy was found to play a mediating
role in the relationship between social influence and beha-
vior intention. The direct, indirect, and total effects of
social influence on behavior intention are shown in
Table 5. Performance expectancy, social influence, and
perceived privacy risk explained 40.9% of the variance
in behavior intention. Social influence had the greatest
impact of these three factors (B = 0.360, P < 0.001),
followed by performance expectancy (B = 0.331, P <
0.001), and perceived privacy risk had a negative impact
on behavior intention (f = —0.151, P = 0.040). In addition,
social influence had an indirect effect on behavior inten-
tion (B = 0.182, P = 0.003) and performance expectancy
played a mediating role in this indirect effect. Social
influence explained 30.3% of the variation in performance
expectancy (B = 0.550, P = 0.001).

Discussion

Social Influence, Performance Expectancy,
and Perceived Privacy Risk Can Affect the
Intention of MSM to Use the IRS

Social influence and performance expectancy were the
most important determinants of the behavior intention of
MSM to use the IRS. Some studies have also pointed out
the importance of social influence and performance expec-
tancy in this context.”’***? Performance expectancy refers
to the benefits that users expect the new system to bring.
MSM will be more willing to use it if they believe that
they can benefit from the system. Social influence is the
degree of support for using the system from those who are
closely related to the users. MSM are afraid of being
discriminated against. Therefore, if they can receive sup-
port from relatives and friends, this can inspire them. At
the same time, traditional socio-cultural values and norms
of behavior related to sexuality determine behaviors and

Fit Indexes 1Idf GFI NFI CFI RMSEA
Measurement model 2.625 0.922 0917 0.946 0.122
Recommended value <3 >0.9 >0.9 >0.9 <0.08

Abbreviations: GFl, goodness of fit index; NFI, normed fit index; CFl, comparative fit index; RMSEA, root mean-squared error of approximation.
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Performance expectancy

3y
H4:0.550*

Social influence

Effort expectancy

Facilitating condition

Figure 3 Standardized regression weights of research model: *:P<0.05, NS:P>0.05.

characteristics that are considered acceptable.” If indivi-
duals or groups deviate from these accepted behaviors and
characteristics, such as by participating in homosexual
relationships, they risk being stigmatized and
marginalized.>* Related studies in Tanzania have noted
that social stigma seriously hinders the intention and beha-
of MSM HIV-related 35.36

Therefore, improving the social acceptance of MSM is

vior to access services.
an important factor that affects their willingness to use
the IRS.

With advances in the Internet, people have come to
attach growing importance to their personal privacy,’’
especially MSM. As Rudolph et al found,' perceived

privacy risk has a negative impact on the willingness of

Table 4 Standardized Regression Weights Between the Model
Variables

Path (Support) B t-value P-value
HI1: PE — BI (Yes) 0.331 3.771 <0.001
H2: EE — BI (No) 0.105 0.872 0.383
H3: SI — BI (Yes) 0.360 3.719 <0.001
H4: SI — PE (Yes) 0.550 5.448 <0.001
H5: FC — BI (No) 0.069 0.863 0.388
Hé: PPR — BI (Yes) | —0.151 —2.055 0.040

Abbreviations: PE, performance expectancy; EE, effort expectancy; Sl, social
influence; FC, facilitating condition; BI, behavior intention; PPR, perceived privacy
risk.

H3:0.360*

H1:0.331*

Behavior intention

H6:-0.151*

Perceived privacy risk

MSM using new techniques. We also found that many
MSM were unwilling to reveal their real names, showing
a strong sense of personal privacy. Therefore, it is impor-
tant to show that the IRS preserves their privacy, for which
it is necessary to improve its capability in this regard.

Social Influences Affect the Performance
Expectancy of IRS

Products recommended by doctors were considered reli-
able by the subjects, and this is consistent with previous
research.®® Healthcare providers are a critical source of
HIV prevention, and the reception of prevention services
by MSM is influenced by their healthcare providers. As
well as providing PrEP and IRS to MSM, explaining the

Table 5 Mediating Effect

Variable Effect Performance Behavior
Expectancy Intention
B P-value [} P-value
Social influence | Direct | 0.550 0.001 0.360 0.007
Indirect 0.182 0.003
Total 0.550 0.001 0.543 0.001

Abbreviations: PE, performance expectancy; S, social influence; Bl, behavior
intention.

Risk Management and Healthcare Policy 2021:14
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role of IRS is an important step in recommending its use.
It is equally important to enhance the capacity of health-

care providers.*°

Effort Expectation and Facilitating
Conditions Do Not Influence Behavior

Intention

We found that effort expectation and facilitating conditions
did not affect behavior intention, but were important in the
UTAUT. Effort expectation refers to the effort it takes for
a user to use the system, and facilitating condition refers to
the ease with which resources are available to use the
system. We think that this result might be related to the
surveyed population. In a number of studies on the use of

home telehealth services by the elderly,*'*>

effort expecta-
tion has been found to have a strong positive impact.
However, the population surveyed for the questionnaire
in this study was generally young (the oldest subject was
only 54 years old), and 91.89% of the MSM had had
senior-level high school education or higher; they would
have had no difficulty in using the Internet or mobile
phones. The IRS and PrEP were provided to them for
free, although this system can be realized only through
WeChat, which is the most widely used online social
media network in China.** There was thus no difficulty
in using WeChat.

Deficiencies and Prospects

This study did not record in detail the actual use of the IRS
by the subjects. Factors influencing the actual use of
system were thus not explored. Although behavior inten-
tion is considered to be a key factor affecting actual use,
some differences occur between actual use and behavior
intention to use.**

Over a long period of time using the system, the users’
behavior intention varies from high to low. A study by
Himelhoch et al showed that owing to the lack of contin-
uous innovation in the relevant apps, patients suffered
from burnout, and the frequency of app use decreased by
about 25% in their three-month experiment.** Therefore,
a cross-sectional survey of factors influencing behavior
intention may not be sufficient, and further longitudinal
surveys are needed to observe this effect.

This model only explained 40.9% of the variation in beha-
vior intention, indicating that many other factors affect the
intention among MSM to use IRS. Future studies should

explore such possible structures, such as the impact of task
technology matching.?’

Conclusion

Social influence and performance expectancy were found to be
the most important determinants of the choice of MSM to use
the IRS. Therefore, it is important to eliminate discrimination
against MSM, and the development of such a system must take
into account its usefulness. It is equally important to explain the
role of the IRS when recommending it to MSM. Perceived
privacy risk also influences behavior intention, because of
which it is necessary to improve the system’s privacy protec-
tion capability. Moreover, it is necessary to provide clinical
evidence for the effectiveness of the IRS to promote its use.

Ethical Approval and Consent to
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The study followed the Helsinki Declaration, and was
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University and the Committee of
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mation, and this paper does not contain any feature that
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