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Abstract—Over the years, physicians and other medical personnel have
lamented the ever-increasing prevalence of physical inactivity and low aware-
ness amongst pregnant women all over the world and especially in Saudi Ara-
bia. The physicians argue that pregnant women are continuously placing their
lives at risk by ignoring physical activity and low awareness. Similarly, the
pregnant women who rarely participate in physical activity and awareness pro-
grams are accredited with risking the lives of their babies. As a result, profes-
sional medics have been trying to come up with innovative strategies that can
promote physical activity and improve health awareness amongst the pregnant
women for a long time. In recent years, the world has experienced a massive
shift towards technology-based solutions for nearly every aspect of life.

Keywords— mHealth; pregnancy; healthcare informatics; physical activity;
wearable sensors

In the health industry, mobile Health has become a key trend as tech companies li-
aise with medical practitioners in pursuit of technological solutions to diverse health
concerns. With this understanding, the current paper provides a vivid analysis of a
newly-developed technological system designed to facilitating communication be-
tween pregnant women and healthcare providers, increase interactions amongst preg-
nant women, as well as motivate them to increase their participation in physical activ-
ities and remote monitoring of their babies. Unlike most mHealth initiatives that pro-
vide specific functionalities, the current system is an all-inclusive system offering a
combination of all functionalities available through individual pregnancy monitoring
systems. The newly-developed system aims to empower pregnant with enough
awareness of pregnancy and also to do more physical activity using advanced tech-
nology of internet of things and mobile health technology specially in remote areas.

1 Introduction
Pregnancy denotes the period between conception and delivery. In normal condi-

tions, it takes roughly 40 weeks. It is difficult to ascertain the statistics and rates of
pregnancy because of the inclusion of miscarriages as one of the key outcomes of
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pregnancy. According to data gathered and published by the Central Intelligence
Agency World Factbook, the birth rate in Saudi Arabia pregnancy rate stands at 18.3
births / 1,000 population (1). During pregnancy, women need special care and special
lifestyle to guarantee healthy life for them and their babies. Thereby, pregnant moth-
ers require Physical Activity (PA), regular pregnancy check-up, as well as knowledge
about pregnancy management to get healthier babies.

Physical Activity (PA) empowers communities to avoid diseases. The importance
of PA increases during pregnancy to maintain solid health for both the women and her
foetus (2). Physical activity helps pregnant women to control their weight (3)(4) as
well as minimize the probability of contracting gestational diabetes and early delivery
(5). Additionally, physical activity helps decrease foetal heart rate (6). However, it is
shocking to note that pregnant women have the lowest rates of participation in physi-
cal activity compared to non-pregnant women (15.8 vs. 26.1 %) (7). Research indi-
cates that pregnant women usually raise their activity in the first six months. Howev-
er, a large percentage of them never attain the levels of physical activity recommend-
ed by The American College of Obstetricians and Gynaecologists (ACOG), which is
at least 150 minutes of physical activity every week (8). Moreover, studies show that
a majority of pregnant women are totally inactive during the last three months (8).
Pregnant women often argue that they could become more active if they knew the
importance of PA in terms of safety and effectiveness (8).

Pregnant women also claim that they would double their activeness in physical ac-
tivity if they receive guidance on how to conduct PA during prenatal care (8). Several
studies also identify low educational level and poor income as obstacles that prevent
pregnant women from engaging in continuous PA (8).

Over the last decade, revolution in Mobile technology has altered interaction pat-
terns amongst people. The recent innovations in the field of mobile technology have
contributed significantly to the health care industry. With the invention and imple-
mentation of mobile health technology in various aspects of health care, the world is
progressing towards a future characterized by secure healthcare. Mobile health is a
division of electronic health practice, which is defined as “a medical practice support-
ed with the use of mobile technology which includes mobile phones, wireless devices,
patent monitoring devices and many others” (9).

The affordability of mobile devices has significantly contributed towards better
disease decision-making, strict adherence to treatments, fewer personal visits to the
doctor, as well as good service experiences. Mobile health empowers individuals and
institutions to conduct voluntary programs, immunization campaigns, and counselling
sessions for people in remote areas. The use of text messaging is a low-cost approach
for health campaigns and promotion. Mobile health technology plays an important
role in improving the maternity health of women in low income areas. In particular,
mobile health provide a medium for communicating with the women frequently. The
idea is to keep them aware about the best practices to be observe. These include diet,
schedule of check-up, vaccination for children and many others.

Mobile health has increased the percentage of safe childbirths and reduced the ratio
of misconceptions. More so, mobile health has empowered specialists to measure the
compliance of medics to standards of the treatment when treating patients. A major
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strength of Mobile Health is that it is less error prone and hence can be used to pro-
vide efficient healthcare solutions (9).

However, several barriers restrict the growth of mobile health technology by limit-
ing applicability to a wider group of people. Social, economic and financial barriers
have stalled the expansion of mobile health on a global perspective. Since mobile
health is in its early stage of adoption, it lacks sufficient evidence that can prove that
it is the most convenient health practice (10). Lack of infrastructure, widespread net-
work coverage and availability of mobile devices are other obstacles that halt the
development of mobile health. Security, confidentiality and privacy in mobile health
are major concerns because absence of proper data security measures can lead to
leakage of confidential and personal information (11).

2 Related Work

In recent years, numerous scholars have focused on the use of mobile health man-
agement and awareness systems of chronic disease (12). Studies are investigating the
use of technological systems like cell phones, wireless devices and self-monitoring
devices and their influence on pregnancy monitoring and awareness.

Some studies (8)(13) have targeted the effectiveness of using mobile health tech-
nology in improving and enhancing the control of pregnancy. A prime example of
these studies was published in 2016 by Choi and his peers (13). The study aimed at
testing the feasibility and potential efficacy of using mobile health physical activity
intervention for a period of 12 weeks. 30 women, who were between 10 and 20 weeks
of gestation, were selected as participants for the study. The researchers used random
sampling to place the women into two distinctive groups. One group used a mobile
phone app plus Fitbit while the other unit comprised of a control group using Fitbit
only. Both conditions targeted steady increases in physical activity.

The trial version of the Fitbit measured PA in terms of distance, steps, estimated
calories expended, and flights of stairs climbed. In the trial app, a daily message was
available between 10am and 7pm while the activity diary was available after 7 pm to
midnight daily. The study concluded that it is acceptable to use mobile technologies
to motivate pregnant women to increase physical activity.

Another study that considered the use of technology to encourage pregnant women
to indulge in physical activity was published in (8). The study aimed at determining
the efficiency of physical activity SMS messages to improve PA in pregnant women
compared to the standard T4baby. The study sought to identify the most effective
dose and time of the SMS to improve PA. Text4baby (T4b) is a nation-wide mobile
health information service that sends text messages (SMS) to pregnant women. The
study participants included 85 pregnant women aged at least 18 years old. All women
had pregnancy for a duration between 8 to 16 weeks. It used FitibTM Flex to measure
physical activity. The women were asked to wear it all the time. The study used
mixed model analysis to analyze the collected data. The study prepared standard T4b
SMS and PA SMS content and divided pregnant women into four groups. The groups
differed in frequency and time of receiving SMS messages:
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1. The Standard group received three T4B SMS and two PA SMS three times a week
at noon

2. Plus One group received two PA and one T4b three times a week

. Plus Six group received one T4b and six PA one every noon

4. Plus Six group received similar service as the third group, but at the time they
chose

W

The results of the study were as follows: 5 women dropped out of the study for dif-
ferent reasons, one of them was due to skin reactions to FitibTM. The remaining 80
pregnant women reported no improvement in physical activity from SMS intervention
for all groups (different dose and frequency). The fourth group experienced a huge
decrease in activity and a noteworthy increase in sedentary time. These results were
not surprising because only three of nine studies reported improvement in physical
activity in the past. However, none of these past studies were mHealth or SMS-based
intervention. The study concludes there were no increases in PA regardless of fre-
quency or time. Those that received six PA SMS/week had greater decreases in activi-
ty and greater increases in sedentary time. SMS may not be “potent” enough strategy
to improve PA.

Text4baby is another study based on similar principles (2). The primary purpose of
the study was to determine the optimal dose of physical activity text message (SMS)
to improve the physical activity of pregnant women. The study was based on the user-
centered design process and included three phases. In the first phase, literature review
and interview with 15 pregnant women was conducted to understand their needs. The
objective was to develop prototype text messages. In the second phase, they gained
feedback about the proposed prototype using additional interviews with seven physi-
cians comprising of five nurses and a group of 5 pregnant women. The researchers
developed 168 additional text messages for this stage. The third phase involved sur-
veying 326 pregnant women to determine the preferred dose of text messages to in-
form the design of the researcher’s intervention.

From the technical perspective, there are so many applications in both App Store
and Play Store that specialized in pregnancy control. Two independent reviewers
searched in Google Play and iTunes using two key words: pregnancy and pregnant in
Arabic and in English language for the applications launched during the last two
years. The number of existing apps in play store was 24 and the number of existing
apps in iTunes was 36. There are nearly 17 Arabic pregnancy applications in iTunes
and nearly 20 in Play Store. Independent reviewers reviewed each app description and
summarized the main functions of each app and listed them in a table. At the end,
each duplicated function was removed from the table to get the main common fea-
tures as shown in table 1.

We observe that most mobile applications available in Google Play and iTunes
cover one or more functions that appear in tablel. None of these applications include
all functions together, yet these functions are crucial for proper pregnancy monitoring
and awareness. To overcome this gap, we developed our mobile application to include
all mentioned functions in table 1 using advanced technology like the wrist bond
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which will be explained in next sections. The current paper illustrates different goals
that the application is trying to achieve. These include:

Facilitating communication between pregnant women and healthcare providers.
Facilitating communication amongst the pregnant women to exchange their experi-
ence.

Increasing pregnant women’s awareness using modern technology.

Monitoring pregnant women’s walking using a wrist bond sensor connected to the
application as shown in System Overview section below

Monitoring the movement of unborn baby using the kick counter belt sensor.

Saudi Arabia is a large country and there is lack of Obstetrics and Gynecology
Clinics in remote areas, so the developed system is trying to deliver the medical
services to the remote areas remotely.

The remainder of the paper is organized as follow: Section 2 presents the related

work, Section 3 illustrates the system overview, Section 4 describes the system im-
plementation and in Section 5 presents the conclusions and future work.

Table 1. Main common functions pregnant apps

Functions

H

Expected day delivery
Kick Counter

Personal Diary

Pregnancy Exercise
Weight Tracker

Contraction Timer

Pregnancy Nutrition

Pregnancy Vitamins and Medications

Ol (I [ |[w |~

Pregnancy Forum

—_
(=}

Daily and weekly information, image and videos

—_
—_

Pregnancy Appointments
12 |Mood Tracker

13 |Countdown

14 |Scientific Articles

15 |BABYBUMP SHOP
16 |Hospital bag checklist

17 |Information about your baby after delivery

18 |Pregnancy Vitamins and Medications
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3 System Overview

The pregnancy application, showing in this paper, is a remote monitoring system
designed to encourage pregnant women in Saudi Arabia to increase their physical
activities, pregnancy awareness, exchange their experiences with each other's, and
communicate with their doctors effectively. Additionally, it empowers doctors to
deliver information to their pregnant using modern technology. The architecture of
the system is developed to facilitate the main features that eliminate challenges asso-
ciated with pregnancy worldwide and specifically in Saudi Arabia. These include
poor pregnancy awareness, lack of motivation for physical activity and inability to
count baby kicks. Furthermore, it also is designed to provide various features that
create an attractive environment for pregnant women and cover the lack of Obstetrics
and Gynecology Clinic specially in remote areas of Saudi. The architecture for the
developed system is show in figure 1.

Pregnancy awareness / remote monitoring provider component

system
database

work module

hysician

Physician
Mobile

mobile pregnant/healthcare provider components ) ;reately

Fig. 1. System Architecture
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Therefore, the system architecture is divided into two main components:

Mobile pregnant/healthcare provider components:This station includes the mo-
bile end of the system. It is implemented using smart phone platform and use of the
Internet of Things (IoT) technology. This component covers most of the interaction
units of the system. It also comprises of three units:

HealthCare provider unit. This unit consists of a friendly web interface and mobile
application version that helps nurses or clinicians involved in the diagnosis to create
awareness and conduct follow-ups of the pregnant. It is a private social network for
pregnancy community, which enables the physician to communicate with pregnant
women remotely. It also allows the pregnant mothers to interact with each other too.
The physicians can use the system to educate the pregnant women using this modern
technology. Physicians can post messages, upload images, videos and communicate
with their pregnant women privately using the private SMS message tool. To save
people’s lives and guarantee tope quality of written posts and uploaded media, the
physician is allowed to delete incorrect pregnancy posts, image and video.

It also furnishes the physician with full details about the pregnant woman’s profile
including physical activity using wrist bond and the frequency of baby kicks using the
belt fitted with body touch sensor.

Pregnancy unit. This unit typically includes:

5. A smart mobile phone
6. Wrist bond
7. Kick counter belt sensors

In this unit, the pregnant women can participate in social networking community,
read and share information, as well as develop experiences about the pregnancy life-
style as provided by the doctors/nurses and other pregnant in the community. The
pregnant mothers are encouraged to read the content and post comments and reviews
related to the doctors’ posts.

The pregnant women interact or use the system via a friendly web interface and
mobile application that includes a social networking platform and data management
system, which presents pregnant’ personal medical profile. Moreover, the pregnant
women will have access to all functionalities including following others. For a pri-
vate issue, the pregnant mothers can communicate with each other and with their
doctors through the private SMS tool available in the system.

In addition, the wrist bond will record the number of steps that the pregnant lady
walked during the day while the kick belt sensor will record the number of baby
kicks. The information will be recorded and stored in the database through WIFI. It
will be available for the clinicians through the cloud technology.

The admin components: Admin components refer to the technical support. The
admin is accountable for the system’s repair and maintenance. The technical person-
nel monitor the technical parts of the system and is also responsible for maintaining
the backup of the data collected via the system. The admin has full access to the users
profile and, hence, can delete user, edit users profile and validate physician accounts.

Management provider component: This component represents the back-end op-
erations, which mainly involves the process of collecting information or data and
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storing it in the database. The data is, subsequently, used by s other modules such as
the awareness module, management module, the front-end patient, as well as the cli-
nician mobile units. This component includes Database module, which stores infor-
mation related to data related to individual pregnant mothers and records related to the
laboratory examination results. It may also store specialist nurses/doctor comments on
the pregnancy measurements standard. This component includes two modules name-
ly:

Social Network module: The social network module is an important functionality
of the system. It is designed to empower the pregnant women to develop increased
awareness about pregnancy. The idea is to enhance their knowledge through social
networking. In this module there is a private social network for pregnant community
and their doctors. The medical staff will play the main role in this module. They will
prepare a number of posts, images and videos of information regarding pregnancy. In
addition, they will also answer pregnancy-related questions as well as any queries
related to diverse diseases. All features delivered by this module are described in the
users' units above.

Management module: These functions of this module include:

a) Walking counter: It is important to clarify what we mean by physical activity. PA
refers to the voluntary body movements that increase energy consumption, like
leisure time and occupational activity, during pregnancy (4). In this unit, pregnant
women will be motivated to reach a weekly target of steps. The number of steps
will be calculated through our developed wrist bond. Wrist bond is easier than us-
ing the accelerometer in the mobile device because it can be placed on the wrist of
the pregnant woman all the time. Additionally, wrist bond sends the recorded data
to the cloud technology via a wireless connection. Moreover, it is less expensive
because it costs 20 USD unlike the expensive Apple watch.

b) Expected Delivery Date. Both the physicians and pregnant women should have
knowledge about the expected delivery time. Hence, the system will calculate the
expected delivery day based on available data in the system. The system will re-
flect these details in the pregnant woman’s profile.

¢) Kick counter: In the third trimester, doctors normally enquire about the movement
of the fetus in terms of frequency and duration to determine the health of the fetus.
Kick counting is an easy way to monitor and record the movement of the unborn
baby. A belt fitted with a sensor, which can record baby kick count is under de-
velopment using Flex sensor technology, figure 2. We aimed to record the kick
count and transfer it to the cloud server using WIFI technology. When complete,
the system will alert the doctor and the pregnant mothers to take action in the ab-
sence of fetal movement. The physician will set up the time period of monitoring
the baby movement using the system.

d) Mood Tracker: Every pregnant woman will receive a message every day and will
be expected to make a response regarding her mood by selecting a number be-
tween 1 and 10. 1 represents high (positive) mood while 10 represents low (nega-
tive) mood. The daily response will be recorded in her profile using date and time.
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e) Pregnancy Vitamins and Medications: As obviously known, these details are es-
sential for supporting the decision-making operations of the physicians. Therefore
the pregnant women must record their vitamins and medication. The system will
allow pregnant women to record their vitamins and medication, which doctor can
access via their profiles.

f) Weight tracker: The weight of the pregnant women will be recorded weekly and
saved in her profile.

Fig. 2. Flex Sensor

4 System Implementation and discussion

A prototype system was developed at the faculty of computing and information
technology at the University of Tabuk, Tabuk, Saudi Arabia using tool such as PHP
and MySQL for the web application, Java for android and SWIFT for the 10S, Ar-
duino Mega, 3D Printer, Flex Sensor, and Spark Fun Triple Axis Accelerometer
Breakout - ADXL335.

Researchers tested the system and confirmed that the system is capable of carrying
out all the functional requirements. They also demonstrated that the system is capable
of transmitting medical data from a remote pregnant woman to the host server. The
system allows the pregnant mothers and physicians to share information remotely.
The mobile application home screen is shown in figure 3.

As presented in figure 4, the system mobile application allows the pregnant women
and the specialist nurse/doctors to share their profiles. Furthermore, the application
allows the pregnant women and the clinicians to communicate with each other pri-
vately via the free application's SMS tool.

Figure 5 shows the user control panel. The specialist nurse/doctor will add videos,
album of pictures and access the patient’s profile remotely using the mobile applica-
tion.
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Fig. 3. Snap screen of the system mobile
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Fig. 5. The user control panel
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Moreover, the wrist bond is built using the SparkFun Triple Axis Accelerometer
Breakout - ADXL335, figure 6. The ADXL335 is a triple axis MEMS accelerometer
with new features including (1) extremely low noise and (2) power consumption of
only 320uA. Moreover, it has a full sensing range of +/-3g. It is programmed using
Arduino and C++. It comes in various colors. It sends data to the cloud server remote-

ly.

Fig. 6. SparkFun Triple Axis Accelerometer Breakout

The researchers tried to develop an innovative mobile pregnancy awareness and
monitoring system with all features based on the literature of related work, previous
studies, and existing pregnancy applications in iTunes and Play Store. The objective
was to provide cost-effective technology.

In the reviewed applications and studies, the mobile embedded accelerometer re-
quires the pregnant to carry the mobile with her at all times. The technique was effec-
tive because it reached the predetermined target. However, there are several limita-
tions that diminish its effectiveness. In particular, these include mobile battery con-
sumption and the need to carry the mobile while doing the exercise. As a result, the
researchers feels that using smart watch or wrist bond could be easier, effective, and
flexible. Study (8) used the FitBit to measure the physical activity using steps count-
ing. The technique involved counting the number of steps. It was effective due to the
ease of carrying the mobile devises to any place at all times. However, the strategy is
not cost-effective given that the cost of the used FitB is around 1400 Saudi Riyal
while the cost of a smart watch like Apple watch is roughly 2400 Saudi Riyal. Hence,
the researcher opted to develop a new wrist bond that will cost utmost 50 Saudi riyal.
Such a device would be cheaper for the Saudi people. Moreover, in the same study (8)
they used chargeable SMS messages, so the researcher developed free- SMS messag-
es based on push notifications.

The population of Saudi nationals using social networking sites, such as Twitter
and Facebook, is high. For instance, the populace of Saudi citizens using twitter in
2016 exceeded the 5 million mark by far (14). As twitter users from Saudi Arabia, we
have noticed that a significant number of tweets sent from the Saudi and Arabic world
are tweeting about health and medicine. Majority of those accounts are not authenti-
cated by Twitter and, hence, it is difficult to validate the content. It is shocking an
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unethical to note that most of these tweets contain unhealthy information, which
might put people lives in danger. It is difficult to close the accounts. Thus, we can
only block and report them to Twitter, Inc. for closure. Unfortunately, such a process
takes a long time.

Therefore, the researchers can develop a social network similar to Twitter to guar-
antee validity of every content posted in the platform. The persons masquerading as
doctors ought to be authenticated by the system administrator. Doctors should not
have the liberty or power to tweet until they gain authentication by the system admin.
Authentication should confirm the identity and qualification of the platform users.
Moreover, the network administrator should have the power and privilege to remove
any incorrect content related to pregnancy.

The main feature of the new system is that all features that are distributed between
the reviewed applications are under one umbrella. The baby count belt is under devel-
opment. We initially get good result and the development is ongoing.

5 Conclusion and Future Work

The smart mobile pregnancy system is designed to promote pregnancy awareness
and remote monitoring. It is based on the state-of-the-art technological infrastructures.
As such, it is presented to achieve intensive monitoring at home, optimized treatment,
as well as a normal lifestyle for the pregnant mothers in Saudi Arabia without restrict-
ing their daily lives. Moreover, the system is designed to deliver relevant information
regarding pregnancy to help the women avoid unnecessary diseases.

Future research should aim to evaluate the system by running it in the KSA. The
implementation of the system should be following the regulation of national ethical
approval at the University of Tabuk, Saudi Arabia. We project that the trial will last 9
months. Therefore, this long-term study will evaluate the effectiveness of using the
Internet of Things (IoT) to improve pregnancy management and awareness.

Upon completion of this long-term study, it is important to conduct thorough test-
ing. The questionnaire can help the researchers to study the system’s usability solely
based on the views of the pregnant women and clinicians. To evaluate the impact of
the system on pregnancy awareness and management, the questionnaire will be dis-
tributed to both pregnant mothers and clinicians before and after the trial. The re-
searchers will conduct extensive comparisons between the two results. Meanwhile,
the pregnancy knowledge test will be conducted using a standardized questionnaire
before and after the study. When the trial is complete, the results will be studied and
analysed using statistical software such as SPSS.
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