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Abstract

The purpose of this systematic review was to examine the safety and effectiveness of
mobile health applications in couples with infertility. Nineteen databases were searched
from their inception to August 2022. Only randomized controlled trials (RCTs) in
which mobile health was used as an intervention in infertile couples were included. A
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quantitative analysis of RCTs was employed using RevMan software. Study selection,

Medicine, 322000 YiWu, Zhejiang, China . L . . )
data extraction and validation were performed by two independent reviewers according

*Correspondence to the guidelines. The Cochrane criteria for risk-of-bias were used to evaluate the
l\x('YC%L@};ZJ“-Gd“-C” methodological quality of the trials. Eight RCTs met the inclusion criteria. Among
ing Li

the eight RCTs, two RCTs were from the Netherlands and the remaining six RCTs were
from China. Meta-analysis showed that mobile health interventions in infertile couples
in China were found to be superior to usual care in terms of clinical pregnancy rate (p =
0.001), psychological status (SAS (Self-Rating Anxiety Scale): p < 0.001; SDS (Self-
Rating Depression Scale) p < 0.001;), infertility knowledge levels (p < 0.001), quality
of life (p < 0.001), and serum levels of 5-hydroxytryptamine (p < 0.001). The effects
on intervention groups using mobile health interventions in the Netherlands were not
superior to the control groups that used usual care in terms of improving dietary factors (p
> 0.05). In general, the positive effect of mobile health on improving clinical pregnancy
rate, psychological status, infertility knowledge levels, quality of life and satisfaction
with information was better than that of usual care. Mobile health interventions could be
a viable supplement to the usual care for infertile couples. However, more high-quality
RCTs need to be included in the future to provide additional evidence of the positive
effects of mobile health in infertile couples.
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1. Introduction during IVF/ICSI, which makes adherence to all IVF/ICSI low
[9, 10]. Gameiro ef al. [11] reported that one in every three
couples discontinued IVF due to the side effects of the drugs
and psychological distress. Fertility physicians must therefore
solve the lifestyle factors relating to infertility, reduce IVF-

related burdens and improve the probability of successful IVF.

Infertility was defined as the failure to achieve a clinical preg-
nancy after 12 months or more of regular unprotected sexual
intercourse, which affected 48.5 million couples in the world
[1, 2]. About half of these couples decided to turn to assisted

reproductive technologies, including in vitro fertilization (IVF)
and intracytoplasmic sperm injection (ICSI) [3]. Currently,
assisted reproductive technologies have been applied more
than 1 million times a year in the United States and Europe [4—
7]. De Neubourg ef al. [8] found that in developed countries,
the live birth rate after three completed IVF cycles is about
50%. However, the IVF/ICSI treatment cycle is extremely
long. Most women need hormone injections to activate their
ovaries to produce enough oocytes. Additionally, they need
to take medicines to increase the chances of survival of the
embryo inside the uterus. Thus, most infertile women have
to experience side effects of drugs and psychological pressure

A guideline of the European Society of Human Reproduc-
tion and Embryology stated that the fertility physician should
meet the emotional and cognitive needs of infertile couples,
and ultimately improve pregnancy outcomes through changes
in nutritional status and lifestyle [12]. As a modifiable factor,
lifestyle changes, e.g., fruit and vegetable intake, smoking
cessation and stopping drinking have been shown to have a
significant positive correlation with pregnancy rate [13, 14].
However, so far, only a small group of infertile couples may
receive pre-conceptional counseling from a fertility physician
[13]. Most fertility clinics have not provided lifestyle im-
provement programs for couples receiving IVF. This may also
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explain why one-third of IVF couples still seek complementary
and alternative medicine for improving their lifestyle outside
their fertility clinics [15]. Furthermore, for those infertile
patients with low socioeconomic status in remote areas, local
medical resources are relatively scarce, making them unable to
get help and treatment from an infertility doctor nearby. The
time burden of going to fertility clinics is the second major
source of pressure for fertility couples [16]. Furthermore,
travel expenses to the fertility clinic account for one-third
of the indirect economic cost of infertile couples. At the
same time, the cost of infertility treatment in many developing
countries, such as China, has not yet been included in the
national medical insurance system. Thus, the financial burden
of receiving infertility treatment is still large, which also leads
to less support for infertile couples to obtain fertility-related
health information.

During the COVID-19 (Corona Virus Disease2019) pan-
demic, to reduce the risk of infection, the American Society of
Reproductive Medicine (ASRM) and the European Society of
Human Reproduction and Embryology suggested postponing
the treatment and diagnosis of infertility and suspending the
treatment of assisted reproductive technology. However, delay
in infertility treatment can cause negative emotions and psy-
chological distress in infertile couples [17]. At the same time,
delay in infertility treatment also increases the age of couples,
which has been proven to have a negative impact on pregnancy
outcomes [ | 8]. Based on this, it is necessary to find a solution
for infertile couples to reduce the waiting time for the diagnosis
and treatment of the fertility physician while coping with the
COVID pandemic.

Lundsberg et al. [19] reported that more than 40% of women
in the United States stated that the Internet is the main source
of health education information on infertility. In 2020, the
ASRM also recommended that fertility physicians can use
mobile health to provide remote reproductive counseling, to
perform remote assessment and to provide health education
for infertile couples during the COVID-19 pandemic [20]. In
2019, only 11% of infertile couples received mobile health
services. However, during the COVID-19 pandemic, this
number increased to 50% [21]. The World Health Organization
has defined mobile health as the use of mobile wireless devices
for medical and public health practice [22]. Mobile health and
electronic health both fall under the broader umbrella of digital
health interventions and have the potential to become high-
quality, cost-effective tools to improve health outcomes [23].
Electronic health refers to healthcare services and information
provided with the support of information and communication
technology (ICT)—such as computers, mobile phones and
satellite communications [24]. Mobile health is actually a
sub-segment of electronic health, which refers to mobile and
wireless applications, including text messaging, mobile health
applications, wearable devices, remote sensing, and the use
of social media such as WeChat, Facebook and Twitter, for
the delivery of health-related services [25]. Thus, compared
to electronic health, mobile health is more concerned with
smartphones. Owing to the popularity of low-cost smartphones
and global mobile communication networks, tens of millions
of people who cannot access fixed line phones or computer
networks can use smartphone devices as a tool for daily com-

munication and data transmission. Mobile health can be used
as an access point to obtain patients’ data or as a remote tool
to provide information for healthcare providers, which makes
mobile health more personal when compared to electronic
health [26].

Mobile health can realize functions of “storage and trans-
missions”, “real-time telemedicine” and “patient remote health
monitoring supported by wearable devices” in the medical
field. The “store and forward” function of mobile health can
help fertility physicians to obtain medical information from
infertile couples and provide virtual infertility consultations
online. The “real-time telemedicine” function can simulate
the traditional patient/doctor interaction on-site, including the
collection of medical history and physical examination by the
fertility physician, by building a virtual visit space and by video
conference and online communication. The function of “pa-
tient remote health monitoring supported by wearable devices”
can help fertility physicians obtain objective examination data
from infertile couples in real time. In general, mobile health
interventions have a positive impact on users and can help pa-
tients adhere to treatment [27, 28]. Mobile health applications,
one of the mobile health technologies, can be well-integrated
into self-care programs, psychological education, online peer
support, psychological cognitive behavior therapy and other
interventions to promote the change to healthy behaviors by
improving patient self-efficacy [29] and ultimately, patients’
clinical outcomes [30, 31].

A mobile health application can increase the sense of se-
curity and control of patients over the treatment process [32],
and provide users with more effective digital services to meet
personalized needs. Mobile health improves patient satisfac-
tion and is cost-effective. For example, the virtual medical
environment provided by mobile health reduces the travel time
and economic costs for infertile couples, and can prevent lost
wages by reducing the number of days off [33]. Previous
research suggested that mobile health had a positive effect
on improving nutritional deficiency, lifestyle and medication
adherence in infertile couples [34, 35]. The development of
mobile devices makes health education information related to
infertility interactive and innovative; video media especially
improve the understanding of infertile couples in relation to
health education. However, the ability of infertile couples
to accept this new online information needs to be further
evaluated, including how they use online health education and
whether this information meets their individual demands [36].

According to Parry [37], infertile couples usually seek IVF
at the age of 18 to 50 years. Recent research showed that more
than 98% of Americans aged 18-50 years owned and used the
Internet [38]. 70% of Canadians aged 18—50 years reported
having smartphones, and the Internet usage and smartphone
ownership rate of Canadians aged 18-50 years continued to
grow [39]. Thus, mobile health can complement the treatment
of traditional infertility clinics and forms of health education.
Mobile health can also provide medical services for infertile
couples who traditionally find it difficult to obtain the diagno-
sis and treatment of a fertility physician, such as men, immi-
grants, ethnic minorities and patients with stigma of infertility
[40]. In view of the potential of mobile health applications
to reduce stress, to improve the ability of patients to make



behavioral changes, and to provide user-friendly information
to a wide range of people, these may become a new solution to
solve the needs of psychological education and psychosocial
support for couples with infertility.

Previously, Overdijkink ef al. [41] performed a systematic
review and found that lifestyle programs based on mobile
health technology could improve the level of knowledge of
pregnant women, change the living habits of spouses, promote
health behaviors in spouses, and improve pregnancy rates.
However, Overdijkink et al. [41] only included pregnant
women, and so the effect of smart health on couples with
subfertility is still unclear. Furthermore, Overdijkink et al.
[41] only explored the effect of smart health interventions on
pregnant women in high-income countries, and so the effect
of smart health on low-income pregnant women in developing
countries is still unknown. These known gaps have not been
resolved and so this systematic review was aimed at explor-
ing the effectiveness and safety of mobile health for infertile
couples, in both developed and developing countries.

2. Materials and methods

This systematic review was performed following the principle
of Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) [42] (Supplementary File A). This pro-
tocol has been registered with the Open Science Framework.
The registration number is osf.io/kvhpe.

2.1 Data sources and search strategy

The following databases were searched from their
inception until August 2022, without language restrictions:
PubMed, Embase, Sino-Med, CiNii, KoreaMed,
Literatura Latino-Americana e do Caribe em Ciéncias
da Saude (LILACS), Africa Health Research Institute
(https://www.ucl.ac.uk/infection-immunity/research/africa-
health-research-institute), the Cochrane Central Register,
the Cochrane Reproductive and Sexual Health Group Trials
Register, and the IEEE Xplore Digital Library.

CEIN3

The key search terms included: “cellphone”, “smartphone”,

CEINNT3

“mobile phone”, “personal digital assistant”, “mobile health”,

“telemedicine”, “text messaging”, “texting”, “smart health”,

ELINT3 CEINT3

“computers”, “telemonitor”, “web”, “website”, “ipod”, “ipad”,
“internet”, “subfertility”, “infertility”, “randomized controlled
trial” and “controlled clinical trial”. Search strategies are listed

in Supplementary File B (Medline via PubMed).

EEINT3

2.2 Criteria for study selection
2.2.1 Types of studies

This systematic review included randomized control trials
(RCTs) that assess the effectiveness and safety of mobile
health applications for infertile couples. However, in vitro
experiments, retrospective studies and survey studies were
excluded.

2.2.2 Type of participants

Infertility was defined as the failure to achieve a clinical preg-
nancy after 12 months or more of regular unprotected sexual
intercourse [1, 2]. Couples who met the infertility definition

were included in this systematic review. However, infertile
couples who suffered from other serious complications were
excluded.

2.2.3 Types of interventions and comparators

All types of mobile health-delivered education programs, i.e.,
Smartphone, including apps, text messaging, personal digi-
tal assistant, social media on mobile devices, such as Face-
book, Twitter, Instagram, WeChat and QQ, among others,
and telemedicine, were included. Comparators included usual
care, which contained health education through verbal discus-
sion, paper-based educational materials on infertility, and self-
management and self-monitoring of infertility. If the mobile
health intervention were included in usual care, it would be
excluded.

2.2.4 Types of outcome measures

2.2.4.1 Primary outcome
Clinical pregnancy rate.

2.2.4.2 Secondary outcomes

(D Psychological status: A self-rated anxiety scale (SAS) was
used to examine the degree of anxiety. There were 20 items on
the scale, including 15 positive scores and 5 negative scores,
with 4-level scores [43]. A self-rated depression scale (SDS)
was used to assess the degree of depression. There were 20
items on the scale, including 10 positive scores and 10 negative
scores, with 4-level scores [44]. A higher score in these scales
indicated higher anxiety and depression levels.

@ Knowledge level: The infertility knowledge scale was
used to assess the perceived level of knowledge of the patient
about infertility. This scale included 7 dimensions and each
dimension was scored on 1 to 5 grades, and the total score of
this scale ranged from 7 to 35. A higher score on this scale
indicated a higher level of knowledge about infertility [45].

® Quality of life (QoL): The Ferti QoL scale was used to
assess the QoL of patients with infertility. This scale had 36
items, with a total score of 0-100. The higher the score of this
scale, the higher the QoL of infertile patients [46].

@ Evaluation of dietary and lifestyle modification: The
number of people consuming vegetables >200 g/d, fruits >2
pieces/d, quitting smoking, and quitting drinking alcohol.

® Satisfaction with information: Numeric scale rating
(NSR) scores were applied to examine the outcome, ranging
from 0 to 10. A higher NSR score indicated higher satisfaction
with the information [47].

® Serum biomarkers: Serum levels of 5-
hydroxytryptamine (5-HT), serum levels of folate, and
serum levels of luteinizing hormone.

2.3 Screening procedures of eligible studies

Two review authors (YL and WIJS) independently assessed
abstracts and titles of studies identified by the literature search.
Duplicates were omitted using EndNote software (X7 ver-
sion, Clarivate Analytics, Philadelphia, PA, USA). Relevant
studies were selected against the predefined inclusion criteria.
If necessary, reviewers would examine full-text reports to
identify eligible studies. EndNote software was also used to
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manage records. Any disagreement was confirmed by the third
reviewer (WXL).

2.4 Data extraction

Data extraction was performed with a pre-piloted, standardized
form by two independent reviewers (YL and WJS). For each
trial, the specific extracted information included study char-
acteristics, intervention details and controls, including content
details and main outcomes. Any disagreement was confirmed
by the third reviewer (WXL).

2.5 Assessment of risk of bias in included
studies

Two authors (YL and WIJS) independently assessed the risk
of bias using the Cochrane Handbook criteria. The following
risk of bias domains were assessed: sequence generation (se-
lection bias); allocation concealment (selection bias); blinding
of participants and personnel (performance bias); blinding
of outcome assessment (detection bias); incomplete outcome
data (attrition bias); selective outcome reporting (reporting
bias); and other bias. The final decisions were made by a third
reviewer (WXL) if inconsistent results appeared.

2.6 Assessment of heterogeneity and data
synthesis

The 12 statistic was used to assess the heterogeneity of the
included studies, as the criterion, I> < 50%, indicates low
heterogeneity, while 1> > 50% indicates high heterogeneity
[48]. The meta-analysis of intervention and outcome measure
methods was conducted by RevMan software [49]. If the
statistical heterogeneity were low (12 < 50%), the fixed-effect
model would be used to combine the data, while if the sta-
tistical heterogeneity were high (I? > 50%), the random-effect
model would be used. However, if the heterogeneity level were
significant, a descriptive analysis would be performed.

2.7 Sensitivity analysis

Sensitivity analyses were conducted to explore the robustness
of the meta-analysis results by varying the analytic data or
methods.

2.8 Publication bias

We would use the funnel plot to visually assess publication bias
if the number of included trials is more than 10 [50].

3. Results

3.1 Search results

When databases and registers were initially searched, 320 rele-
vant trials were obtained. After removing duplicated published
trials and ineligible trials, a total of 250 trials were screened
and reviewed further. After further screening of the titles and
abstracts of 250 trials, 220 trials were excluded. A full text
search and review of the remaining 30 trials was conducted
and it was found that 5 trials were research protocols, 5 trials
did not perform a RCT research design, and the outcomes of

12 trials did not conform to the inclusion criteria of this study.
After deleting these 22 trials, 8 trials were finally included for
the subsequent systematic review (Fig. 1).

3.2 Description of the included trials

Among the eight RCTs, two RCTs [45, 51] were from the
Netherlands and the remaining six RCTs [52-57] were from
China. The Dutch medical system is based on general practi-
tioners (GPs) who provide community-based integrated med-
ical health services for patients [58]. As the first trigger
point for patients to use community health services, a GP
plays the role of “gatekeeper” and also plays the key role of
“medical healthcare coordinator”. The GP has a close coop-
eration with various primary healthcare providers including
physiotherapists, pharmacists, psychologists, dentists, nurses
and midwives [58]. At present, nearly 90% of GPs in the Dutch
primary medical community have provided mobile health for
their patients [59]. What is different from the Netherlands is
that Chinese medical resources are excessively concentrated in
level I1I class A hospitals (the highest level medical institutions
in China), and patients often directly choose level III class
A hospitals for receiving medical healthcare, which leads to
a relative shortage of medical resources at the community
hospitals [60]. In recent years, China has vigorously promoted
the “hierarchical medical system”. On the one hand, through
the establishment of the “medical treatment combination”,
the Chinese government has increased financial investment
in primary medical care and improved the service capacity
of primary medical care. On the other hand, through the
reform of the medical insurance payment system, the Chinese
government has guided the development of “family physician
contract services” in the community. However, despite the
considerable efforts made by the Chinese National Health
Commission, the proportion of Chinese patients receiving the
first visit from the GP is only 23.1% [60].

The development of mobile health in China is also slower
than that in the Netherlands. Until 2018, the Chinese Na-
tional Health Commission issued several policy documents
to promote the development of mobile health. Unlike the
Netherlands, where most mobile health practitioners are GPs,
the implementers and managers of mobile health tend to focus
on the specialists in the level III class A hospitals [61]. Owing
to the different medical backgrounds between China and the
Netherlands, it is necessary for subgroup analysis to be per-
formed according to different countries, so as to reduce clinical
heterogeneity. All RCTs have been published in the last 3
years. 50% of the RCTs were followed up for 8 weeks, while
37.5% of the RCTs were followed for 24 weeks or more. All
RCTs [45, 51-57] compared the effects of mobile health com-
bined with usual care and usual care alone in infertile couples.
The forms of mobile health in the intervention group included
the mobile platform, the mobile health Smarter Pregnancy
program, the Patient Journey App, and video communication
in combination with electronic health. Details of the included
RCTs are summarized in Table 1.
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Identification of studies via databases and registers

Records removed before
screening:
Duplicate records removed
(n=22)
Records marked as ineligible
by automation tools (n = 38)
Records removed for other
reasons (n = 10)

Records excluded based on titles
and abstracts
(n =220)

Reports not retrieved
(n=0)

Reports excluded:
Protocols (n=5%5)
None RCTs (n = 5)
Outcomes (n =12)

)
c
0
"§ Records identified from*:
= Databases (n = 317)
‘q&; Registers (n = 3)
L/
Records screened
(n =250)
Reports sought for retrieval
> (n=30)
'c
o
e
: '
(77}
Reports assessed for eligibility
(n =30)
—/
SR
O L . .
o Studies included in review
3 (n=28)
o
=
\——

FIGURE 1. Flowchart of the trial selection process. RCTs, randomized controlled trials.



Study
(Author,
year and
country)
Pan [53]
2021
China

Oostingh
[51] 2020
Nether-
lands

Timmers
[45] 2021
Nether-
lands

Wang
[55] 2021
China

Sample Follow-
size/study up
design
165 RCT 8
weeks
222 RCT 36
weeks
48 RCT 4
weeks
80 RCT 8
weeks

TABLE 1. Main characteristics of included studies.

Intervention group

(A) Mobile platform (WeChat Public
platform and QQ platform): Daily use,
therapists receive patient consultation, and
provide informatized health education,
emotional platform for ART, peer
education WeChat group, and E-health
based lifestyle modification (n = 80). Plus

B

(A) mHealth Smarter Pregnancy program:
short online questionnaire recording
nutritional and lifestyle behaviors; tailored
coaching based on sex, pregnancy status,
and behaviors; a maximum of three
e-mails or text messages per week that
contained tips, recommendations,
feedback on progress, and additional
questions addressing pregnancy status (n
=106). Plus (B)

(A) The Patient Journey App (Interactive
Studios): The information was
disseminated over different phases of the
IVF process: introduction, welcome to the
fertility center, what is IVF, medication
usage, [VF intake consultation, medication
reminders, treatment schedule (hormone
injections, side effects, and echography),
oocyte retrieval, embryo transfer, and a
pregnancy test (n = 28). Plus (B)

(A) Video communication in combination
with eHealth: The remote health team
provide weekly calls and weekly video

communication (n = 40). Plus (B)

Control group

(B) Usual
care (n = 85)

(B) Usual

care (n = 116)

(B) Usual
care (n =20)

(B) Usual
care (n = 40)

Main outcomes

1. Psychological status: SAS, SDS.
2. Pregnancy outcome: Clinical Pregnancy.

Dietary and lifestyle modification

assessment: the number of people reaching

1. Vegetables, >200 g/d
2. Fruits, >2 pieces per day
3. Quit smoking rate
4. Quit Alcohol drinking rate

1. Level of knowledge.
2. Satisfaction with information.

1. Level of knowledge

2. Pregnancy outcome: clinical pregnancy.

44

Intergroup Differences

SAS: MD, 8.79 (7.48, 10.10), p < 0.001
SDS: MD, 6.13 (5.31, 6.95), p < 0.001

RR, 1.40 (1.04, 1.89), p = 0.023

RR, 1.41 (0.96, 2.08), NS

RR, 1.59 (1.22, 2.08), p < 0.001

RR, 1.17 (1.04, 1.31), p = 0.007
RR, 1.09 (0.74, 1.61), NS

MD, 4.24 (2.61, 5.87), p < 0.001
MD, 1.57 (0.93, 2.21), p < 0.001

MD, 5.51 (4.19, 6.11), p < 0.001
RR, 1.00 (0.65, 1.55), p = 1.00



Study
(Author,
year and
country)

Pang
[54] 2020
China

Xia [56]
2020
China

Yao [57]
2019
China

Sample
size/study
design

88 RCT

120 RCT

80 RCT

101 RCT

Follow-
up

weeks

weeks

24
weeks

24
weeks

TABLE 1. Continued.

Intervention group

(A) Mobile platform (WeChat Public
platform and WeChat group): Daily use,
infertility physicians and infertility nurses
are responsible for explaining and
answering questions about ART to patients
in the WeChat group (n = 44). Plus (B)

(A) Mobile platform (WeChat Public
platform and WeChat group): Daily use,
WeChat Public platform: infertility related
knowledge, peer support, Group
psychological intervention via WeChat
group. (n = 60) Plus (B)

(A) Mobile platform (WeChat Public
platform and WeChat group): Daily use,
health education on infertility related
knowledge was carried out in WeChat
communication groups by delivering
relevant videos and pictures (n = 40). Plus
(B)

(A) Mobile platform (WeChat Public
platform and WeChat group): Daily use,
good pregnancy WeChat Public platform:
Remind infertility couples to actively pay
attention to the content delivered by the
WeChat public platform every day with
the help of WeChat group; Set keyword
reply in WeChat Public platform (n = 50).
Plus (B)

Control group

(B) Usual
care (n =44)

(B) Usual
care (n = 60)

(B) Usual
care (n = 40)

(B) Usual
care (n=51)

Main outcomes Intergroup Differences

1. Psychological status: SAS, SDS. SAS: MD, 7.62 (6.22,9.02), p < 0.001
2. Pregnancy outcome: clinical pregnancy. SDS: MD, 6.96 (5.46, 8.46), p < 0.001
RR, 1.48 (1.03,2.12), p = 0.036

Psychological status: SAS, SDS.
SAS: MD, 8.09 (6.94, 9.24), p < 0.001

SDS: MD, 6.29 (5.02, 7.56), p < 0.001

1. Psychological status: SAS, SDS. SAS: MD, 8.09 (6.94, 9.24), p < 0.001

2. Ferti QoL. SDS: MD, 6.29 (5.02, 7.56), p < 0.001
3. Pregnancy outcome: clinical pregnancy. MD, 6.50 (5.94, 7.06), p < 0.001
4. Serum neurotransmitter (5-HT) RR, 1.41 (1.02, 1.95), p = 0.029

MD, 6.82 (6.27, 7.37), p < 0.001

Ferti QoL. MD, 6.40 (3.66, 9.14), p < 0.001

Note: ART: Assisted Reproductive Technology, IVF: In Vitro Fertilization; NS: Not significant;, QoL. Quality of Life; SAS: Self-Rating Anxiety Scale; SDS: Self-Rating Depression Scale;
RCT: randomized controlled trials;, MD.: Mean Difference; RR: Relative Risk.

£l
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3.3 Methodological quality

Except for one trial [55], the included trials adopted random-
ization methods. Only four RCTs [45, 51, 56, 57] carried
out concealment of allocation by sealed envelopes. Due to
the nature of mobile health interventions, it is not possible to
blind participants and performers. However, only three RCTs
[45,51,57] reported blinding of the assessor and withdrawal of
the participants. The selective reporting results were reported

in all eight RCTs (Figs. 2,3).

3.4 The effects of mobile health on infertile
couples in China

3.4.1 Clinical pregnancy rate

There were 4 RCTs [53—56] that used the clinical pregnancy
rate as the outcome to explore the effect of mobile health
on infertile couples. Three of the trials [53, 54, 56] indi-
cated positive effects on the clinical pregnancy rate between
groups, while the remaining one [55] did not. The meta-
analysis suggested that, compared to usual care, mobile health
interventions plus usual care had a favorable effect on the
clinical pregnancy rate (RR = 1.34, 95% CI (1.12, 1.59), p =
0.001), with low heterogeneity (Chi% =2.16, p = 0.54, 12 = 0%)

(Fig. 4).
3.4.2 Psychological status

There were three RCTs [52—-54] in which SAS and SDS were
used as measurements of the effects of mobile health on in-
fertile couples. The meta-analysis suggested that, compared
to usual care, mobile health interventions plus usual care had
a favorable effect on alleviating the psychological burden of
infertile couples (SAS: MD = 8.18, 95% CI (7.45, 8.92), p <
0.001, with low heterogeneity: Chi? =1.47, p = 0.48, 12 = 0%;
SDS: MD = 6.31, 95% CI (5.69, 6.94), p < 0.001, with low
heterogeneity: ChiZ = 0.90, p = 0.64, 12 = 0%).

3.4.3 Knowledge level

Only one RCT [55] used the infertility knowledge scale as
an outcome to test the effect of mobile health on the level of
knowledge of Chinese infertile couples. The result suggested
that, compared to usual care, mobile health interventions plus
usual care had statistically significant favorable effects on
improving the level of knowledge of infertile couples (MD =
55.51,95% CI (4.19, 66.11), p < 0.001) (Table 1).

3.4.4 Quality of life

There were two RCTs [56, 57] using Ferti QoL to measure
the QoL of infertile couples. The result of the meta-analysis
showed that, compared to usual care, mobile health plus usual
care had favorable statistically significant effects in improving
the QoL of infertile couples (MD = 6.50, 95% CI (5.95, 7.04),
p < 0.001) (Fig. 5).

3.4.5 Serum 5-HT

Only one RCT [56] used 5-HT as an outcome to test the
effect of mobile health on Chinese infertile couples. The
result suggested that, compared to usual care, mobile health
interventions plus usual care had statistically significant favor-
able effects in improving the serum levels of 5-HT in infertile

couples MD =6.82,95% CI (6.27,7.37), p < 0.001) (Table 1).

3.5 The effects of mobile health on infertile
couples in the Netherlands

One trial [51] from the Netherlands used the number of people
consuming vegetables >200 g/d, fruits >2 pieces/d, stopping
smoking and quitting alcohol consumption as a measurement
to explore the dietary and lifestyle modification of infertile
couples. Mobile health plus usual care interventions on the
number of people eating vegetables >200 g/d, and fruits >2
pieces/d indicated no statistically significant effect compared
to usual care (the number of people eating vegetables >200
g/d: RR = 1.41, 95% CI (0.96, 2.08), p > 0.05; quit alcohol
drinking rate: RR = 1.09, 95% CI (0.74, 1.61), p > 0.05).
However, the mobile health plus usual care intervention in the
other outcomes of dietary and lifestyle modification indicated
a statistically significant effect when compared to usual care
(the number of people consuming fruits >2 pieces/d : RR =
1.59, 95% CI (1.22, 2.08), p < 0.001; quit smoking rate: RR =
1.17,95% CI (1.04, 1.31), p = 0.007) (Table 1).

Another trial from the Netherlands [45] used NRS as a
measure to test the effect of mobile health on satisfaction
with information in infertile couples. Compared to usual care,
mobile health plus usual care had positive effects on improving
the satisfaction of infertile couples with information (MD =
1.57,95% CI (0.93, 2.21), p < 0.001) (Table 1).

Only one trial [45] from the Netherlands used the infertility
knowledge scale as an outcome to test the effect of mobile
health on the level of knowledge of infertile couples. The result
suggested that, compared to usual care, mobile health inter-
ventions plus usual care had statistically significant favorable
effects on improving the level of knowledge of infertile couples
(MD = 4.24,95% CI (2.61, 5.87), p < 0.001) (Table 1).

4. Discussion

4.1 Principle of findings

In this systematic review, of eight identified RCTs, two RCTs
[45, 51] were from the Netherlands and the remaining six RCTs
[52—57] were from China, covering 904 participants involved
in a comparison of mobile health interventions with usual
care for infertility. In summary, for Chinese infertile couples,
mobile health interventions were found to be superior to usual
care in terms of clinical pregnancy rate, psychological status,
levels of knowledge of infertility and QoL. For Dutch infertile
couples, the intervention groups using mobile health interven-
tions were not superior to the control groups that used usual
care in terms of decreasing the number of people consuming
vegetables >200 g/d, and fruits >2 pieces/d. However, mobile
health interventions were found to be superior to usual care in
terms of levels of knowledge of infertility, and satisfaction with
information.

4.2 Comparisons with previous work

The results of this study are similar to those of Overdijkink
et al. [41]. Overdijkink et al. [41] explored the feasi-
bility, acceptability and effectiveness of the mobile health
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FIGURE 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each included study.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)
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Incomplete outcome data (attrition bias)
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FIGURE 3. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across
all included studies.

Experimental Control Risk Ratio Risk Ratio
Even | _Even | Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
Pan 2021 52 85 35 80 36.4% 1.40 [1.04, 1.89) - &
Pang 2020 31 44 21 44 21.2% 1.48[1.03, 2.12] "
Wang 2021 20 40 20 40 20.2% 1.00 [0.65, 1.55]
Xia 2020 31 40 22 40 22.2% 1.41[1.02, 1.95] - -
Total (95% Cl) 209 204 100.0% 1.34 [1.12, 1.59] .
Total events 134 98
Heterogeneity: Chiz = 2.16, df = 3 (P = 0.54); 12 = 0% 055 0?7 1 1f5 é

Test for overall effect: Z = 3.26 (P = 0.001) Favours [control] Favours [experimental]

FIGURE 4. Mobile health Plus usual care vs. usual care on clinical pregnancy rate. Note: CI: Confidence Interval.
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FIGURE 5. Mobile health Plus usual care vs. usual care on QoL. Note: SD: Standard Deviation, CI: Confidence Interval.

coaching-driven Smarter Pregnancy Program applied to preg-
nant women in high-income countries through a systematic
review. The results showed that the mobile health coaching-
driven Smarter Pregnancy Program could effectively improve
the clinical pregnancy rate, increase awareness of pregnancy
on pre-conception care, reduce the weight of pregnant women,
help pregnant women’s spouses to quit smoking, and ulti-
mately improve the healthy behavior of both spouses. How-
ever, the systematic review by Overdijkink ez al. [41] only
included pregnant women, and so the effect of smart health
on couples with subfertility is still unclear. Furthermore, the
systematic review of Overdijkink ez al. [41] only explored
the effect of smart health intervention on pregnant women
in high-income countries, and so the effect of smart health

on low-income pregnant women in developing countries is
still unknown. Compared to Overdijkink’s research [41], in
this systematic review, except for two RCTs [45, 51] from
a high-income country, i.e., the countries (Netherlands), the
remaining six RCTs [52-57] are from a developing country,
i.e., China, and can complement Overdijkink’s research [41].

4.3 Quality of included trials

In this systematic review, the evidence quality of two Dutch
researchers’ RCTs [45, 51] is high. It is not possible to blind
the performers due to the nature of mobile health interventions.
Thus, althoughfor the score for performance bias is “unclear”,
the other items are evaluated as “low risk”. However, the
quality of evidence in six Chinese researchers’ RCTs [52-57]



is low. For the allocation concealment, the group assignment
was adequately concealed in none of the included studies,
which can overestimate the results [62]. Moreover, none of
the included trials mentioned blinding assessors. Only 16.67%
of the included studies reported an incomplete outcome, which
could result in attrition bias [63].

4.4 Mechanism of intervention of mobile
health in infertile couples

Assuming that mobile health is beneficial for infertile couples,
the intervention mechanism of mobile health in infertile cou-
ples is of interest.

(1) Telemedicine monitoring.

With the development of 5G technology, infertile couples
and fertility physicians can appear in virtual fertility clinics
at the same time. Through telemedicine monitoring, fertility
physicians can complete the diagnosis and treatment of fertility
couples in a virtual environment. Through wearable devices,
some vital sign data, e.g., heart rate, blood pressure and blood
oxygen saturation, from infertile couples can be transmitted
to the doctor’s terminal in real time. Hormone levels in urine
and saliva can be tested at home using commercially available
home kits [58]. Home-based ovulation testing with luteinizing
hormone kits is also an immediate need. The above monitoring
results can be recorded in real time using a smart wristband and
the data can be transmitted to fertility physicians. In the future,
the development of family pelvic ultrasound technology can
further help fertility physicians to evaluate the embryo from a
remote location. Various telemedicine methods can be further
improved with the development of technology.

(2) Promote male infertility patients to actively receive treat-
ment.

In their systematic review, Oostingh et al. [51], from the
Netherlands assessed the effect of mobile health on the dietary
and lifestyle modification of infertile patients. The results
showed that compared to the control group, a mobile health
intervention could potentially encourage male infertility pa-
tients to correct risk factors for infertility, e.g., male infertility
patients have less alcohol, effectively improve the fertility
knowledge of male patients, and ultimately improve pregnancy
outcomes. To explore this issue, compared to women, men
with infertility tend to have lower health literacy, and are not
active in seeking fertility-related health information and using
healthcare services. Male infertility patients are also more
likely to have unhealthy eating habits and to become addicted
to smoking [64]. Thus, both the ASRM and the National Insti-
tute of Health and Care Excellence suggest that male and fe-
male infertile patients need to receive an evaluation and health
education in relation to infertility [65]. Mutual encouragement
and mutual supervision between husband and wife can better
promote a change in health behavior and improve compliance
with participating in health behavior change programs [14].
However, Culley ef al. [66] found that reproductive medicine
clinical research often lacks the participation of male infertility
patients, and male infertility patients are unwilling to accept
infertility self-management programs with female infertility
patients. Mahalik ef al. [67] found that male infertility patients
believe that seeking a fertility physician’s help is a sign of their

17

own weakness, and accepting the male masculinity. Hanna
[68] and Grace [69] also found that feelings of worthlessness
and the stigma attached to male inferiority caused by infertility
can prevent men from seeking information related to infertility
directly from fertility physicians. The online resources of
mobile health have the advantages of confidentiality and ac-
cessibility, which solve the privacy problems of male infertility
patients and increase the enthusiasm of male infertility patients
to improve their own reproductive health.

(3) Alleviate psychological stress from couples with infer-
tility.

There were three RCTs [52—54] from China which explored
the effects of mobile health on the psychological stress of
infertile couples. The meta-analysis suggested that, compared
to usual care, mobile health interventions plus usual care had
a favorable effect on alleviating the psychological burden of
infertile couples. A recent cross-sectional online survey in
the United States found that infertility is the most common
stressor among the general population, almost equivalent to the
fear of the COVID-19 pandemic itself [70]. In fact, the IVF
treatment cycle is extremely long, which brings psychological
pressure on couples with infertility. Most importantly, infertile
couples tend to have more negative emotions due to poor IVF
treatment results [18]. The study by Gameiro et al. [71]
showed that electronic healthcare can help fertility physicians
understand the family composition of patients through a variety
of environments, and provide information support through
timely delivery of notifications from remote apps to reduce
anxiety and depression in fertility couples. In addition, the
family can be a safer and more comfortable place for infertile
couples than receiving consultation from fertility physicians
in fertility clinics. Online consultation reduces the time for
fertility couples to return to fertility clinics frequently, thus
greatly alleviating psychological pressure on fertility couples
[72, 73]

4.5 Economic aspects

Cost-benefit evidence is the most important reference basis
for political decision-makers in promoting and applying large-
scale home-based mobile health to infertile couples. In the
early stage, Oostingh et al. [74] performed a cost-effectiveness
analysis on the mobile health coaching-driven Smarter Preg-
nancy Program. The results showed that compared to usual
care, the mobile health coaching-driven Smarter Pregnancy
Program could save an average of €340 after two cycles of
IVF per family. However, this research is limited to two
IVF cycles, and the effect of the mobile health coaching-
driven Smarter Pregnancy Program on cost-effectiveness that
exceeds two IVF cycles is still unclear. To explore this issue,
Reeder et al. found that [75] the use of cost-effectiveness
in clinical research is closely related to the technical level
of mobile health. In pilot study research, more attention is
often paid to the feasibility of mobile health; in RCTs, the
problems that need to be solved are often more complex.
Only when mobile health technology is mature, researchers
pay more attention to the economic benefits of mobile health.
However, in this systematic review, economic aspects have
not been taken into account in the mobile health studies of
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both Dutch researchers and Chinese researchers. In the future,
when exploring effectiveness of mobile health applications in
couples with infertility, economic aspects should be considered
as an important outcome measurement.

4.6 Implications of clinical practice and
further considerations

Firstly, when developing a mobile health application, the engi-
neering teams in both China and the Netherlands are required to
constantly correct technical obstacles as in the process of using
the mobile health application, the inability to resolve technical
barriers on time may affect the trust of users in the product,
thus interrupting the use of the mobile health application [76].
Secondly, there are currently some fertility-related apps that
can provide healthcare information and support for couples
receiving IVF. However, Farag ef al. [77] found that of the
2179 apps reviewed, only 7 apps were considered useful for
infertile couples. In addition, due to the lack of certifica-
tion as a professional fertility physician, the app score in the
Apple iTunes and Google Play stores does not fully reflect
the professionalism of the app. However, the score of apps
in the application market will affect the selection of app by
infertile couples in both China and the Netherlands. Thus,
in the future, professional fertility physicians are required
to participate in the development of infertility-related apps
[78]. Thirdly, the privacy of infertility may be leaked on the
network. Fertility physicians in both China and the Nether-
lands need to work with engineers to enhance the security of
data transmission through blockchain technology. Fourthly ,
mobile health lacks uniform charging rules in the process of
using it in China and the Netherlands. In China, there is no
independent charging item for mobile health services. Thus,
mobile health still needs to match the Chinese corresponding
independent medical insurance financial system in the clinical
practice process to run smoothly. Different from China, the
Netherlands has established a complete mobile health ser-
vices medical insurance system in both Dutch public health
insurance and commercial supplementary medical insurance
[79]. However, the mobile health service in the Netherlands
still has the following shortcomings. First, the awareness of
Dutch patients regarding mobile health is not high, i.e., only
20%. Second, under the condition that the medical insurance
compensation of mobile health services in the Netherlands
is paid according to the number of people served and the
items, the income of GPs may decrease accordingly. The
introduction of mobile health services may lead to a mismatch
of benefits, and so some Dutch GPs lack enthusiasm for pro-
viding mobile health services to their patients [80]. In this
regard, medical insurance payers and policy makers need to
work together to solve the corresponding interest mismatch
problem through negotiation. Last but not least, although
mobile health can facilitate the convenience of consulting
infertile couples, there is also a shortage of fertility physicians’
resources. Obstetricians and gynecologists, and advanced
practice nurses may be able to achieve the corresponding quali-
fication through embryology training. Due to the difference in
the medical background between China and the Netherlands,
the Netherlands, which focuses on community healthcare, can

cope with the shortage of fertility physicians in the future by
training advanced practice nurses, while China is more prone
to select obstetricians and gynecologists who complete embry-
ology training to supply the shortage of fertility physicians.
In the future, infertile couples do not need to see fertility
physicians in person every time they visit. After the first offline
appointment with fertility physicians, infertile couples may
meet with a fertility physician online regularly at key points.
After infertile couples meet fertility physicians for the first time
and receive an examination, the corresponding results will be
synchronized to the electronic records of fertility physicians
through the cloud platform, and the infertile couples will start
3 clomiphene city/intranet injection cycles and then move
on to IVF. However, the obstacles to home detection tech-
nology (home pelvic ultrasound detection, hormone testing)
still restrict the implementation of home-based mobile health
intervention in infertile couples. Additionally, whether virtual
access can largely replace face-to-face access with fertility
physicians still needs more supporting evidence.

4.7 Limitations

This systematic review may have several limitations. Firstly,
only eight RCTs were included in this system review. A
systematic review of the Cochrane system by Oostingh et al.
[81] showed that there were still only a few RCTs of mobile
health interventions in infertile couples, and more RCTs should
be included in the future. In addition, in this systematic review,
although the evidence quality of two Dutch researchers’ RCTs
is high, the quality of evidence in six Chinese researchers’
RCTs is low. Selection bias, detection bias and attrition
bias are very common in Chinese researchers’ RCTs, which
appeared to result in the positive results found. Secondly,
previous research indicated that the number of people who
logged into the mobile health application would drop rapidly
after using the mobile health application for 8 weeks [82].
In the intervention time of mobile health can be limited to
8 weeks to improve the utilization rate of infertile couples
and to reduce the dropout rate. Thirdly, the results of our
systematic review found that the short-term mobile health
application intervention could improve the level of infertility
knowledge of infertile couples, but it is unclear whether the
mobile health application intervention can improve infertility
knowledge levels of infertile couples in the long-term, which
requires more longitudinal studies to prove. Fourthly, the
mobile health application intervention has requirements for the
knowledge and cultural level of infertile couples. Thus, it is
difficult for infertile couples with a low educational level to
seek online consultations with a fertility physician over the
Internet. Lastly, IVF and ICSI times, and serum folate levels
were not included in the outcomes.

5. Conclusions

Overall, the positive effect of mobile health on improving clin-
ical pregnancy rate, psychological status, infertility knowledge
levels, QoL and satisfaction with information was better than
that of usual care. Mobile health interventions could be a viable
supplement to the usual care for infertile couples. However,



more high-quality RCTs need to be included in the future to
prove the positive effects of mobile health on infertile couples
further.
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