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Objective: To assess the recent trends, acceptability, and effectiveness of digital maternal patient education
through summarizing the literature.
Methods: Articles published in 2010–2020 on patient education, digital tools, and maternal health were
searched on PubMed. Abstract and full texts were reviewed to identify eligible studies and extract key
information.
Results: Digital patient education studies covered various topics throughout pregnancy, with the greatest
number of studies targeting the prenatal period. Among the 55 studies, 38 (69%) reported significant patient
outcomes, with the main benefits of increased knowledge (83.3%), emotional benefits (73.7%), and beha
vioral changes (60.6%). The number of studies per year increased steadily over the past decade, with fre
quently utilized formats of texts with images (40%), SMS (30.9%), and videos (25.5%). Video produced the
highest rate of positive patient outcomes; however, no statistical significance was found.
Conclusion: Our study presented evidence supporting the high effectiveness and prevalence of digital tools
in maternal patient education, and analyzed the content, platforms, and formats utilized by digital tools of
the past decade.
Practice implications: Digital tools are effective and feasible in conducting maternal patient education. No
specific patient education format is found to be superior in improving patient’s health outcomes.
© 2021 Elsevier B.V. All rights reserved.
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1. Introduction

2. Methodology

As a crucial component of maternal care, proper education and
counseling at all stages of pregnancy prepare women for a safe
pregnancy, a healthy fetus, and a smooth transition into postpartum
and neonatal care. Topics of maternal patient education range from
generic health knowledge to complex information on pregnancyrelated medical procedures and conditions. Despite its importance,
recent surveys suggest that maternal health consultations are often
not centered on the patient's needs, resulting in patient dis
satisfaction [1]. Traditionally, healthcare providers use in-person
consultations and leaflets to educate patients, thus its effectiveness
depends highly on the patient’s understanding, the doctor’s com
munication skills, and can be influenced by the patient’s anxiety, low
literacy, or language barrier [2].
With the universality of internet and mobile device usage, digital
media has become increasingly prevalent, delivering maternal
health information in both household and hospital settings [1–11].
These tools can include discussion forums, websites, mobile appli
cations (apps), and short message services (SMS). In addition to
health information, digital media is also being used for other pur
poses such as reassurance, monitoring and tracking the pregnancy
journey, and preparing for or reviewing content from their face-toface consultations [4,5,12]. Support received digitally could poten
tially reduce or shorten hospital visits and counseling time required.
Furthermore, digitalization has the advantage of overcoming bar
riers in traditional settings, such as economic barriers, or time and
spatial constraints [6].
The wide use of digital media also presents risks. Women who
seek online maternal health information are often vulnerable to
misinformation due to the heterogeneity of content and lack of
relevant regulations for these platforms [3,5,13–16]. The majority
of popular pregnancy apps/websites on the market were devel
oped by non-healthcare organizations, and are subjected to
significantly lower understandability and accuracy scores than
those developed by healthcare societies [13,15]. An average user
may lack the health literacy to discern scientifically valid mate
rials from pseudo-scientific or inaccurate ones. Multiple studies
have reported that the popularity of health information apps
tends to associate more with user ratings, reviews, and lower
costs than expert involvement, and it was found that an app that
presented inaccurate blood pressure knowledge still received
high ratings, reviews, and downloads [13,17,18]. Women who
found answers to their questions online may not verify that in
formation with their healthcare professionals, further increasing
the risk of misinformation. [16,19–21].
Recently, a growing body of scientific literature has begun ex
ploring digital tools developed by healthcare professionals that
support various aspects of pregnancy, such as health management,
anxiety reduction, and postpartum care [11,22,23]. This study aims
to review and summarize the recent literature regarding the use of
digital tools for maternal health patient education and provide in
sight into this innovative resource in the digital era.

2.1. Search strategy
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This study utilized PubMed as the search database to obtain
publications. Acknowledging the drastic evolution of technology,
only studies conducted between 2010 and 2020 were included.
Search filters were set to screen for study abstracts in English. Titles
and abstracts were searched with Medical Subject Headings (MeSH)
terms comprised of keywords intersecting maternal health, digital
health, and patient education. A detailed report of the search terms
used is shown in Appendix 1.
2.2. Selection criteria
The inclusion and exclusion criteria for this review are as follows.
A study was included if: 1) it evaluated a digital tool – website,
computer software, mobile app, SMS, email, or others – used to
present patient education content, 2) it was an original research
paper with quantitative outcome assessment, and 3) it served to
support maternal health in antenatal or postnatal periods. A study
was excluded if: 1) the digital tool did not contain an educational
component, 2) the digital tool was used to educate healthcare pro
fessionals, 3) it used non-human subjects, 4) it lacked quantitative
data (e.g., editorials, protocol studies, and descriptive studies); 5) it
focused on sexual and reproductive health, family planning, or
preconception health; or 6) it focused on parenting and infant/
child care.
2.3. Screening and data extraction
An initial literature search was performed by one of the authors
(TW). Titles and abstracts were screened by two authors (SK, TW),
and studies were selected based on the inclusion and exclusion
criteria. Subsequently, the full texts were obtained, and detailed
reviews with data extraction were carried out by three authors (GS,
SK, TW). Ambiguities in the screening and selection process were
settled by consensus decisions between three authors (GS, SK, TW).
Several key information was extracted from each paper: author,
publication year and country, study design, sample size and target
population, topic category (prenatal, labor, or postpartum), de
scription of both the intervention and control groups, primary out
comes, and limitations listed by the study.
2.4. Data analysis and statistics
Several temporal trends were identified from the study list, such
as the number of studies conducted each year, and the patient
education formats (text with images, videos, SMS, or others) used by
studies each year. Pearson correlation analysis was conducted with
year as the independent variable and the number of studies as the
dependent variable. The year 2020 was removed due to the few
publications available at the time of the analysis. Studies that used
2
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multiple/mixed formats were also removed from the format
analysis.
Patient acceptability of digital interventions was tested by as
sessing completion and satisfaction rates from studies that explicitly
reported them as either percentages or percentage ranges (in which
case the midpoint was chosen). Descriptive statistics (mean, median,
range) was applied to capture the characteristics of the data.
To assess the effectiveness of patient education interventions, our
study adopted a method used by a previous review [22], where
statistically significant patient outcomes reported by the studies
were categorized into three aspects (knowledge, emotional or be
havioral) and evaluated respectively. The effectiveness of different
patient education formats (text with images, video, and SMS) was
also assessed. Studies that used other formats, or mixed/unspecified
formats, were excluded from format analysis. Logistic regression
models and one-way ANOVA analysis were performed to test whe
ther any education format is associated with significantly improved
patient outcomes.
Due to substantial differences in methodologies and outcome
measurements, quality assessment was not performed for the in
cluded studies. Data analysis and illustrations were done with R
(v4.0.4), Microsoft Office Excel (v16.36), and Prism 9 GraphPad.

Fig. 2. Temporal trends in the total number of studies and studies using different
educational formats, by year. Dashed lines represent trendlines. Studies that used
multiple formats simultaneously were removed from format analysis.

3.2. Characteristics of included studies
The included study list consists of 45 formal experimental stu
dies and 10 pilots. The most frequently utilized methodological ap
proaches were randomized control trials (RCT) (31, 56.4%) and pre/
post-intervention designs (11, 18.18%). Studies originated from 20
countries (Appendix 2), with the greatest number of studies coming
from the United States (n = 22), followed by Australia (n = 8). While
45.5% of the studies were performed in North America, 12.7% of
studies were conducted in Asia, and only 10.9% and 1.8% were from
Africa and South America, respectively. Of note, 10 studies included
objectives regarding barriers faced by traditionally underserved
populations, either by implementing multi-linguistic or culturally

3. Results
3.1. Study selection
The search strategy yielded an initial list of 635 total studies.
Screening of titles and abstracts based on inclusion and exclusion
criteria reduced the number to 102 studies. Upon full-text review, a
further 47 studies were eliminated, leaving 55 studies for data ex
traction. The selection process and main reasons for eliminating
studies in each stage are listed in Fig. 1 (PRISMA flow diagram).

Fig. 1. PRISMA diagram of the screen and selection process. Articles were excluded in each stage based on the inclusion & exclusion criteria.
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specific contents, or targeting lower socioeconomic and rural audi
ences [22, 24–33]. The number of studies conducted per year
showed a significant increasing trend (r = 0.77, p = 0.0098) (Fig. 2,
black squares), which is generally consistent with the increased in
ternet coverage and accessibility of mobile devices over the past
decade. The years 2019 and 2017 had the greatest number of studies
of 15 and 11 studies, respectively.

•

3.3. Digital patient education formats and media platforms
Patient education materials were presented in different formats.
This review identified three prevalent formats used by studies: text
with image illustrations (22 studies, 40%), SMS (17 studies, 30.9%),
and live-action or animated video (14 studies, 25.5%). Other less
prevalent formats include a 3D anatomical model to aid visualization
or a game to boost knowledge transmission and engagement [11,34].
Along with studies that did not specify the format used, they account
for a total of 16.3% (9 studies) of the included studies [11, 34, 35]. As
shown in Fig. 2, the use of all three major formats increased
throughout the years, but only text with images achieved statistical
significance.
Of note, 11 studies used mixed formats in their intervention de
sign, such as using videos to convey detailed knowledge and SMS to
deliver quick health tips and reminders [36]. In addition to providing
health information alone, some interventions also added auxiliary
support, such as a tracking function to monitor the user’s weight loss
or smoking cessation progress, or journaling to monitor psycholo
gical health [28,37,38]. Lastly, some interventions also incorporated
interactive components, such as a discussion board to connect with
peers or the option to communicate with a healthcare professional
[26,28,35–37,39–42].
Lastly, patient education materials were presented on different
types of media platforms. The most frequently used platform is a
website, utilized by 25 studies (45.5%). Many studies also used a
computer or mobile app/software (9 studies, 16.36%), and 2 early
studies utilized CD/DVD as the media platform [10,43]. When com
bining formats with media platforms, the most prevalent combina
tion is text with image illustrations presented on a website (15
studies), followed by videos presented on a website (8 studies).

•

3.5. Acceptability and effectiveness of tools
Patient acceptability of digital education tools was evaluated by
assessing the completion and satisfaction rates reported by the se
lected studies. Satisfaction is defined in this review as the explicitly
expressed satisfaction, the willingness to recommend the tool, or
rating it as helpful/worthwhile. The mean completion rate reported
by studies was 75.5% (n = 19 median: 75%, range: 31.2%−98.3%).
Among the studies that reported satisfaction rate as a percentage
(n = 19), the mean satisfaction rate was 84.3% (median: 91%, range:
35%−100%). Furthermore, 6 studies compared user satisfaction be
tween the intervention and the control group, and 3 out of the 6
studies reported significantly higher satisfaction in the intervention
group. Some factors that may account for low completion/satisfac
tion were: 1. users have already obtained sufficient information prior
to the intervention [45], 2. lengthy intervention material [66], 3.
post-treatment survey was administered too late (1 week) after the
intervention [7], and 4. unstable access to the digital media required
by the intervention (e.g., unstable cellphone signals) [24]. (Fig. 3).
Among the 55 studies assessed, 38 (69.1%) reported at least one
statistically significant positive outcome observed in the interven
tion group compared with the control group (standard care, nondigital education, or digital education of another topic). Eight studies

3.4. Areas of focus
Topics covered by the studies span from the beginning of pre
natal care until the postpartum period. More than half (34, 61.8%)
focused on prenatal care, seven discussed topics related to labor
(12.7%), and 15 covered postpartum care (27.3%). The detailed topics
discussed are the following:

n=19

n=19

% C ompletion/
C omplianc e

% S atis fac tion/
R ec ommend

100

Prenatal care. Interventions either provided general pregnancy
advice or focused on a specific medical topic. Twelve studies pro
vided general advice, broadly discussing nutrition, lifestyle, emo
tional health, and prenatal clinic visits [24,25,27,33,38,44–50].
Interestingly, eight of the twelve interventions used SMS, likely due
to its efficiency and cost-effectiveness in information dissemination.
Eight studies focused on prenatal medical procedures, including
genetic testing [6,9,11,20,51,52], or invasive procedures such as fe
toscopic surgery [7], and termination of pregnancy [10]. Tools de
scribed the processes, risks and benefits, and care instructions of
procedures, with primary benefits of improved knowledge and in
formed decisions [6,9,11,51]. Likely due to the complexity of the
content, studies used articles, videos, or games to provide thorough
education on the topics [6,9,10,20]. The third focal topic was lifestyle
improvements and chronic disease management, including smoking
cessation [53–58], reduction of alcohol-exposed pregnancies [30],
gestational diabetes management [31,59,60], and weight control

% S tudies

•

[36]. Lastly, other prenatal topics included placental complications
[61], pre-eclampsia [62], and antenatal perineal massages [41].
Labor-related topics. In total, six studies included themes of
providing labor-related information, and one study covered both
labor and postpartum periods [22,26,29,43,63–65]. Interventions
in this group adopted various formats and covered topics of in
forming pregnant women of preterm birth risks [64,65], alert
signs and delivery [26,43], cesarean sections, spinal anesthesia
[29,63], and birth options after c-section [22]. Main outcomes
included improved knowledge, self-efficacy, and birth pre
paredness.
Postpartum care. The main themes among the 15 studies in this
category were breastfeeding and postpartum recovery. Five in
terventions instructed women on breastfeeding and colostrum
expressions [35, 39, 66–68]. For postpartum care, interventions
discussed topics including postpartum weight control [28, 32, 37,
42], perineal wound recovery [34], and general maternal and
neonatal care advice [69]. Lastly, despite postpartum depression
is a prevalent issue, only three interventions were targeted for
postpartum psychoeducation enhancement [40,70,71].

50

0

Fig. 3. Box and whisker plot for intervention completion (n = 19) and satisfaction
(n = 19) rates. Mean displayed as “+ ”.
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Ins ignificant
res ults

20

83.3%
10

73.7%

60.0%

# of S tudies

# of S tudies

30

S ignificantly
pos itive
res ults

15

10

Ins ignificant
res ults

78.6%
100%
72.7%

S ignificantly
pos itive
res ults

5

0
K nowledge

E motional
/A ttitudinal

B ehavioral/
C linic al

(n= 18)

(n= 19)

(n= 25)

0
T ext with images

(n= 14)

V ideo

S MS

(n= 9)

(n= 11)

Fig. 4. Percentage of patient education interventions with significant impact on patient outcomes, based on outcome categories (4 A) and education formats (4B). The percentage
displayed corresponds to that of statistically significant studies. Studies that used mixed or other/unspecified formats were removed from format analysis.

(14.5%) reported statistically significant differences in all outcomes
assessed. The remaining 23 studies either reported non-significant
results or did not conduct statistical analysis on patient outcomes. A
few main aspects of benefits reported by the studies were the fol
lowing (Fig. 4A):

understanding and may also act as a channel connecting users to
healthcare resources or professionals. Moreover, it imposes little
spatial and temporal constraints on the user, allowing for more
convenient and timely information accessibility. This review also
revealed a significant increasing trend in the number of studies
conducted per year, which is consistent with the real-life uni
versalization of the internet and mobile devices.
This review also identified several ways that patient education
materials were presented, with the most prevalent being in the
format of text (article) with image illustrations presented on a
website. The use of all main patient education formats (text with
images, video, and SMS) by studies generally increased yearly, al
though only text with images demonstrated a statistically significant
trend. Among the different formats, studies using videos produced
the highest rate of significant patient benefits, compared to the other
two formats. This observation is consistent with other studies sup
porting video as an advanced and effective patient education
method [72,75–78]. However, the fact that format differences were
not statistically significant suggests that in addition to finding an
appropriate format, sufficient consideration should be given to other
crucial factors impacting the effectiveness of a digital intervention,
such as the quality and accuracy of its content, adherence of the
material to the needs of its audience, and implementation strategy.
It is noteworthy that some of the positive outcomes were not
maintained for extended periods (> 1–3 months) [39,53,55,56,58]. A
common reason is the loss of subjects at follow-up, which could be
attributed to long study periods, lack of sustained efforts/commit
ment, and scheduling conflicts [6,33,46,53,58]. Strategies boosting
longer-term engagement could help patients comply with the in
terventions and maintain the positive changes. Lastly, despite in
creasing number of studies being conducted each year, it is unclear if
digital patient education tools are sufficiently implemented in
practice. In fact, studies have revealed a lack of professional in
volvement among popular online pregnancy information sources
[79–81], which calls for enhanced efforts to disseminate pro
fessionally developed digital tools [4,5].
This review has also identified the following areas that could be
explored by future studies:

1) Improved knowledge (15/18 studies, 83.3%): this is the most re
ported positive outcome, including improved knowledge scores
and understanding of the topics.
2) Emotional/attitudinal benefits (14/19 studies, 73.7%): decreased
decisional conflict or anxiety/depression, increased self-efficacy,
preparedness, and confidence.
3) Improved behavioral/clinical outcomes (15/25 studies, 60.0%):
breastfeeding behaviors, measured weight loss, smoking reduc
tion, genetic screening, or other medical service-seeking beha
viors.
Lastly, the effects of the three major education formats (text with
images, video, and SMS) on patient education outcomes were also
assessed (Fig. 4B). Among studies that used videos, 100% (n = 9) re
ported at least one significant positive patient outcome. The same
was reported by 78.5% (n = 14) of studies using text with images, and
72.7% (n = 11) of studies utilizing SMS. Despite studies using videos
produced the highest proportion of positive outcomes, no statistical
significance was found for this trend.
4. Discussion and conclusion
4.1. Discussion
With the evolution of technology, digital platforms have gradu
ally become an important source of health information for pregnant
women worldwide [2,3,53]. Recently, the COVID-19 pandemic sti
mulated a rapid transformation of healthcare systems, enhancing
the roles of e-health and telemedicine. This review presented evi
dence supporting the effectiveness and acceptability of digital tools
in maternal health patient education, with mean completion and
satisfaction rates above 75%, and over 60% of the studies reporting at
least one statistically significant patient outcome. Improved
knowledge was the most-reported patient benefit, followed by de
creased anxiety and positive behavioral changes. These benefits are
especially evident in patients who are inexperienced, face barriers to
healthcare, or experience high baseline anxiety [9,29].
Findings from our review agree with previous reports regarding
patient education approaches [72–74]. Digital tools possess several
practical advantages over traditional patient education. It offers the
flexibility to present information in multiple formats to aid

1. Over 40% of studies in this review were conducted in North
America and very few were originated in developing/under
served regions, such as Africa and South America. Additionally,
only six studies explicitly implemented accommodations for an
ethnically diverse audience [10,22,27,31–33]. Lack of diversity
among study participants was also one of the most reported
limitations by studies [9,32,47–49,52,63,69]. Issues of multi
cultural/multilingual inclusivity were also observed by another
5
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CRediT authorship contribution statement

study evaluating popular online medical information platforms in
Canada [82]. In an increasingly globalized healthcare environ
ment, creating tools that can accommodate cultural and linguistic
diversity would help eliminate health disparities and benefit a
wider range of patients.
2. Studies assessed in this review heavily focused on the patient’s
experience, with relatively few assessments on other vital as
pects, such as the cost-effectiveness of digital tool implementa
tion or the perspectives of healthcare professionals/institutions.
While digital tools have been shown to lower costs in general,
more evidence is needed to assess its economical and institu
tional impacts [2].
3. In addition to multimedia tools mentioned in our review, more
recent technologies, such as augmented or virtual reality, could
also be incorporated into patient education. Exploration of such
digital tools to the standard counseling methods can be a step
forward towards digitizing contemporary maternal care and en
hancing patient experience.
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Lastly, this review has several limitations. First, due to the
variability of each study, no meta-analysis was conducted, and the
review relied mainly on qualitative analysis. Second, quality as
sessment was not performed for the selected studies due to the
heterogeneity in designs and interventions. Third, the literature
search utilized only one medical literature database, with inclusion
criteria and filters restricting the focus to publications in English,
and within the past 10 years. This may have resulted in selection bias
and could explain why most studies herein were from the United
States and other English-speaking countries.

Appendix A. Supporting information
Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.pec.2021.06.019.

4.2. Conclusions
Patient education is a critical but often overlooked area of patient
care. By summarizing the recent literature, we presented strong
evidence supporting the high feasibility and effectiveness of ma
ternal digital patient education tools and identified multiple aspects
of its benefits. Additionally, we revealed a progressive increase in
publications by year which reflects the expansion of the field in the
past decade, and identified text with image presented on a website
as the most prevalent education format. Lastly, our review outlined
several gaps in the current literature and provided potential direc
tions to explore in further studies.
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