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ABSTRACT. The publication presents the results of the drafting, analysis of the use of artificial in-
telligence technologies in the sphere of healthcare on the example of determining the risk of maternal
complications during pregnancy, as well as the results of an online survey of women of reproductive
age in the Republic of Uzbekistan for the use of the developed mobile application during pregnan-
cy. Data processing methods were used using built-in Python libraries with automatic statistical
data processing modules, and an online survey was conducted by means of Google Forms. The re-
sults showed high accuracy in predicting pregnancy complications. This research contributes to the
digitalization of healthcare in general and helps to early identification of risks to maternal health.
The analysis showed that blood glucose levels, age and blood pressure may significantly affect the
health of pregnant women. Based on these data, a random forest model was built with an accuracy
of 92.15%. In addition, digital medical products have been developed, and the survey demonstrated
a willingness to use mobile applications to examine health status. The survey showed that 84.4%
of women are ready to use a mobile app during pregnancy, and more than 60% of them even with a
paid subscription. The developed digital software product in the form of a mobile application using
machine learning algorithms is an alternative approach of preventing maternal complications during
pregnancy in women.
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PE3IOME. B nyOnukamuy mpeacTaBlIeHbl pe3yabTaThl pa3pab0TKH, aHAIH3a HCIIOTH30BAHMS TEXHO-
JIOTUH UCKYCCTBEHHOT'O MHTEJIJIEKTA B 3/[pABOOXPAaHEHUH Ha MIPUMEpPE ONpPEe/eNIEeHUs PUCKA MATEPUH-
CKHX OCJIOKHEHUH TIpH OEPEMEHHOCTH, a TAK)KE Pe3yJIbTaThl OHJIAMH-0MPOCa KEHIIUH PENpPOIyKTHB-
HOTO Bo3pacTa Pecry0nuku Y30ekucTaH Ha IpeIMET MCIOIb30BaHUs pa3pab0TaHHOTO MOOUIBEHOTO
TIPIIIOKEHUS BO BpeMsi O0€peMEeHHOCTH. bbbt NCTIOIB30BaHbI METOIBI 00OPAa0OTKHU TaHHBIX ITPH TIOMO-
I BCTPOCHHBIX OMOIMOTEK MpOorpaMMHOT0 obecrieueHust Python ¢ aBTomMaTH4ecKUMU MOIYIISIMU
CTAaTUCTUYECKOIN 00paObOTKU JIAHHBIX, @ TAKXKE MMPOBECH OHJIAH-0Mpoc nocpeactBom Google Forms.
Pe3ynbTarhl OKa3aiu BHICOKYIO TOYHOCTH IIPOTHO3HPOBAHUS OCIOXKHEHUI OepeMEeHHOCTH. DTO UC-
CJIeJIOBaHME BHOCHT BKJIAJ B IMU(POBU3AIMIO 3[PAaBOOXPAHEHUS W MTOMOTAaeT B pAaHHEM BBISBICHUHU
PUCKOB JIJI51 3/I0pPOBBSI MaTepeid. AHaIIN3 IOKa3all, YTO YPOBEHb TITFOKO3BI B KPOBH, BO3PACT H KPOBSHOE
JaBJICHUE CYIIECTBEHHO BIMSIOT Ha 3I0POBbE OEPEeMEHHBIX JKEeHIINH. Ha ocHOBe 3THX AaHHBIX ObLia
MOCTPOCHA MOJIENb CIYYaiHOT0 Jieca ¢ TOUHOCThIO 92,15%. Kpome Toro, ObLu pa3paboTanbl U po-
BbIe METUIINHCKHE MPOIYKTHI, U OMPOC MPOAEMOHCTPHUPOBAI TOTOBHOCTH UCIIONH30BaTh MOOMITHHBIE
TIPIIIOKEHU S JUTSI OTCIICKUBAHUSI COCTOSHUS 3I0pOBbsi. Ompoc mokasal, uto 84,4% >KeHIIUH TOTOBHI
MOJIb30BaThCsl MOOMIIBHBIM MPUJIOKEHUEM BO BpeMsi OepeMEHHOCTH, U O6onee 60% U3 HUX Jake pu
YCJIOBUY TJIATHON OANUCKH. PazpaboTanHblil indpoBOil MporpaMMHBIN TPOAYKT B BUE MOOUIBHO-
T0 TIPUIIOKEHUS C MCIIOIB30BAHNEM aITOPUTMOB MAITHHHOTO OOYUYEHUS SIBJSETCS allbTEPHATHBHBIM

CIIocoooM HpO(i)I/IJ'IaKTI/IKI/I MaTCpHUHCKUX OCIIOKHEHUM BO BpeM4 6€pCM€HHOCTI/I Y KXCHIIIUH.

KJIOUEBBIE CJIOBA: w™mamwuaHOEe o0yueHwHe,

CIly4aiHbI JIeC, OHIIAH-0IIPOC

LII/I(I)pOBI/BaLII/IH, MATCPHUHCKOC 3I0POBLE,

INTRODUCTION

There are different approaches to monitoring
the progress of digital health development in the
world, one of the indicators of which, among
others, is the presence of the “mobile health-
care” [4]. Digitalisation of healthcare is also
intended to provide greater transparency and
access to patient data, increase people’s know-
ledge and confidence, and enable them to be-
come active partners in managing their health
and wellbeing [6]. Those who do so are highly
likely to adopt healthier lifestyles, leading to
improved clinical outcomes and reduced hospi-
talisation rates [10].

Maternal mortality worldwide remains an
acute issue, and the efforts made by all coun-
tries have seen some progress overall, but it still
remains at high levels. For example, the global
maternal mortality ratio (MMR) for 2020 is es-
timated at 223 maternal deaths per 100,000 live
births (uncertainty interval (UI) 202-255), com-
pared with 227 in 2015 (UI 211-246) and 339
in 2000 (UI 319-360): a decrease of one third
(34.3%) over the full 20-year period. The average
annual rate of decline (AAR) of global MMR
was 2000-2020. 2.1% (IN 1.3-2.6%), meaning
that from 2000 to 2020, on average, the global
MMR declined by 2.1% annually, although pro-
gress during this period was uneven [11].

In Uzbekistan, various estimates of maternal
mortality decreased from 41 per 100,000 live
births in 2000 to 29 per 100,000 live births in
2017. However, this is more than twice the ave-
rage for the WHO European Region (13 mater-
nal deaths per 100,000 live births), and higher
than the rates in Tajikistan and Kyrgyzstan [7].

According to the official statistics, maternal
mortality in the Republic of Uzbekistan in 2021
and 2022 was 130 cases per year, compared to
2017-2020, when maternal mortality exceeded
an average of 155 cases [5].

Providing more services outside of hospitals
and closer to home through digital and innova-
tive technologies, including mobile and social
media, will make it easier for people to access
health services when and how they want, tai-
lored to local needs. Thus, the app we deve-
loped for patients and nurses to predict maternal
health risk during pregnancy is one example of
the processes of digitalisation of health care in
Uzbekistan.

In Uzbekistan, due to the increase in the
number of births and, consequently, the in-
creased risk of maternal complications during
pregnancy, the most pressing issue is the para-
digm shift towards digitalisation of health care.
Efforts are being made both at the national level
and at the level of individual initiatives [3]. Cer-
tain difficulties in enhancing the effect of the
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practical use of such initiatives in the field of
digitalization and artificial intelligence include
insufficient funding, immaturity of the regula-
tory framework, access to national electronic
databases, and a lack of digital competencies
among doctors and nurses [2].

MATERIALS AND METHODS

This study analysed open data bases [1]
and conducted an anonymous online survey of
105 women of reproductive age in the Repub-
lic of Uzbekistan on the possible future use of
digital software products and their monetisa-
tion. Methods of data processing were used with
the help of built-in libraries of Python software:
NumPy — used for processing multidimensional
arrays; Pandas — for analysis and construction
of summary tables of data; Scikit-learn contains
classification and regression algorithms, allows
clustering, validation and selection of machine
learning models; SciPy used for scientific cal-
culations with automatic modules of statistical
data processing (analogue of STATISTICA 10.0),
and an online survey was conducted through the
open resource Google Forms from Google.

RESULTS AND DISCUSSION

We improved the accuracy and precision of
an algorithm based on machine learning and
artificial intelligence for predicting maternal
health risk in pregnant women. Many maternal
deaths are associated with pregnancy compli-
cations due to lack of awareness of maternal
health measures during gestation and postpar-
tum period. This is more common in rural areas
and among low-income families in developing
countries. Continuous monitoring of the health
status of the pregnant woman during pregnancy
is required to ensure normal foetal development
and successful delivery.

The data were collected from various hospi-
tals, clinics, maternal health services using In-
ternet of Things (IoT) risk monitoring system,
based on it a number of foreign researchers have
conducted similar studies [8, 12]. Age, systolic
blood pressure (BP), diastolic BP, blood glucose
level and heart rate (HR) were used to deter-
mine the risk level. The predicted level of risk
intensity during pregnancy took into account the
data from each of these parameters [9]. Based
on the analysis of these hyperparameters, ma-

chine learning algorithms were developed with
varying accuracy in predicting maternal risk of
pregnancy complications.

A total of 1014 pregnant women participated
in the study, 272 (27%) of them were at the high
risk of maternal complications, 406 (40%) at the
low risk and 336 (33%) at the intermediate risk.
The mean of the column by age was 30 years.
The median value by age was 26 years. The
minimum value by age was 10 years and the
maximum value by age was 70 years. The range
of the data frame was 10 to 70 years and the
standard deviation was 13.5 years. In the age
hyperparameter, the most frequent groups un-
der 30 years were 23, 19, 17 and 15 years. The
overall age data were grouped into categories:
54.3% adults, 40% youth, 5.3% children and
0.4% elderly. Hyperparameter correlation analy-
ses were as follows: age/risk level — 55%, age/
HR — 73%, systolic BP/body temperature —
92%, systolic BP/diastolic BP — 66%, diastolic
BP/risk level — 79%, and diastolic BP/blood
sugar — 58%.

After a number of experiments on training
the data using machine learning and neural
networks, we settled on the random forest al-
gorithm, which gave the best result. A random
forest contains a set of decision trees represen-
ting an individual instance of the input data
classification. The random forest technique con-
siders the instances individually, taking the one
with the most votes as the selected prediction.
Thus, random forest allows any classifiers with
weak correlations to produce a strong classifier.
We chose random forest because it is one of
the most accurate training algorithms available,
and it takes quite little time to train. In addi-
tion, random forest can work with a dataset that
has feature values with different scales, so we
do not need to perform normalisation or feature
scaling.

By analysing an open data set, we can con-
clude that blood glucose levels are the most
important variable in determining maternal risk
levels. Pregnant women with high blood glucose
levels tend to have a high health risk. More than
75% of pregnant women with a sugar reading of
8 or higher have a high health risk. Blood sugar
also has a relatively strong positive correlation
with age, systolic and diastolic BP, so older
pregnant women with high systolic and diastolic
BP should be vigilant. Age is also a fairly im-
portant variable, as the health risks for pregnant
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women appear to begin to increase beginning at
age 25 years. For systolic and diastolic BP, these
two variables do have a strong relationship, as
evidenced by the correlation coefficient value of
0.79. As for temperature, this variable does not
give much information because more than 79%
of the total value is 36.6 °C. But from this vari-
able we know that pregnant women with a body
temperature above 37 °C tend to have a higher
health risk. And the last parameter, heart rate is
the least significant variable to determine the
health level of pregnant women. We built a clas-
sification model using random forest algorithm
for this dataset. With the original dataset, we ob-
tained a maximum accuracy of 86.7%. But after
we performed cleaning of the data by removing
outliers and unnecessary variable, the accuracy
increased to 89.16%. This shows that the model
gives better training results with the preproc-
essed dataset. We also performed index tuning
to get the best result for the random forest algo-
rithm. By using the best obtained results of indi-
cator tuning, the model is able to provide higher
accuracy which was 92.15% after a number of
experiments.

After developing a machine learning-based
model, we developed a number of digital soft-
ware products (WEB application, Android and
10S mobile application, and a Telegram bot) for
further use in practical health care. In order to
explore further funding and monetisation of the
developed digital products, we also investiga-
ted how much women are willing to pay for the
right to use our digital products.

The questionnaire was developed based on
Google Forms technology and contained a se-
ries of population, sociological, motivational
and logistical questions. A total of 105 women
participated in the study. The age structure of
the sample was as follows: 54.3% of the female
participants were aged 18-25 years, 23.8%
were aged 26-35 years, 14.3% were aged 35—
45 years and 7.6% were over 45 years. Of these,
82.6% lived in urban areas and 17.4 % lived in
the countryside. In addition, 52.4% of the par-
ticipants had no children, while 47.6% had one
or more children.

Among the 105 respondents, 63.8% use mo-
bile applications to monitor their health, while
36.2% do not use such applications. If such mo-
bile applications are available, 91.4% are wil-
ling to use them, while 8.6% do not want to use
them.

When assessing the positive aspects of such
mobile applications, 56.2% of respondents
noted their convenience, 27.6% — availability,
12.4% — quality, and 7.4% — speed. If we take
the developed Homila Al app, 84.4% of the re-
spondents will use it during pregnancy to assess
maternal risk, while 15.2% of the participants
will not.

Out of 105 respondents, 44.8% will use it
every day, 34.3% will use it every week, 9.5%
will use it every month and 11.4% will not use it.
64.8% of respondents believe that all 3 modules
of Homila AT are equally useful, 28.6% believe
that the module of artificial intelligence for as-
sessing the risk of maternal complications is the
most useful, 17.1% believe that the module of
risks and complications (according to the regu-
latory document of the Ministry of Health of the
Republic of Uzbekistan) is the most useful, and
12.4% believe that the module of addresses and
geoposition of perinatal centres in the Republic
of Uzbekistan is the most useful.

To increase the attractiveness of Homila
Al mobile application, users suggest adding
the following functionality (it was possible to
choose several modules): module of monito-
ring for fetal development — 37.1%, module of
remote online consultations — 34.3%, module
for measuring weight gain during pregnancy —
30.5%, module for determining the date of birth
of the future child — 25.7%, ovulation calendar
and module on benefits for pregnant women —
21% each. Also 12.4% of respondents believe
that three modules are enough in the original
mobile application, while 41.9% prefer to have
all the above-mentioned modules.

When assessing the design of a mobile ap-
plication, 64.8% found it convenient, 30.5%
found it attractive, 1.9% found it uncomfor-
table, and 2.9% found it unattractive. To as-
sess the financial sustainability of the original
mobile application, 44.8% of respondents ex-
pressed willingness to purchase a paid subscrip-
tion, while 55.2% are not ready to do so. When
new modules were added to existing modules,
the willingness to purchase a paid subscription
increased to 52.4%, while 47.6% remained un-
prepared to pay. Thus, adding new modules in-
creased the percentage of respondents willing to
purchase a paid subscription by 7.6%.

The following amount respondents are ready
to spend on a subscription per year: 400 ru-
bles — 44.8%, 800 rubles — 13.3%, not ready
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to pay for a subscription — 38.1%, less than
400 rubles — 3.8%.

One of the survey questions was related to
obtaining the respondents opinion on this mo-
bile application development, we also found it
necessary to cite the most interesting statements
in our study. Respondents expressed their wi-
shes and recommendations to the developers to
improve the quality and attractiveness of using
Homila AI m mobile application, some of them
are given below.

Respondent 1: It’s a very interesting app, still
really small functionality, but the app definitely
has potential.

Respondent 2: The design is strict, I would
like a more friendly design, maybe with pictures.

Respondent 3: About the subscription I can
say the following. Suppose I got pregnant, bought
the pro version, but its for 1 year. But I don't
need a year, 9 months is important to me. Either
the application should be further developed so
that a young mum could keep notes there, could
also see what is normal for the baby, and what is
clearly abnormal, or after pregnancy is over, the
application should advise me to switch to ano-
ther one from your company, where I can con-
tinue to receive help, now as a young mum.

Respondent 4: Subscription for the period of
pregnancy. It is better to add more app for the
development of children from 1 month to 1 year.

Respondent 5: There are a lot of free apps
like this now, very attractive, convenient and
informative. I am pregnant now and I am
using one of them. What I would not like to see
in such an app is a check of my risk level, be-
cause even without that there is cause for con-
cern, and when the app gives an increased risk
based on few data, it is even more worrying.
Plus, I couldn’t measure my blood sugar and
blood pressure and I couldn 't measure my heart
rate if I didn't have a smartwatch. So you need
some other means of getting information (to-
nometer, thermometer, etc) to use the app.

Overall, more than 90% of survey responses
were positive about the mobile app developed
and more than 60% of respondents were willing
to pay a paid annual subscription to use the mo-
bile app during pregnancy.

CONCLUSION

Analysis of existing information and digi-
tal products in the Republic of Uzbekistan has

shown a certain maturity of the health care sys-
tem in terms of its digitalisation, nevertheless,
a number of studied developments, especially
using artificial intelligence technologies, remain
unclaimed or do not work to the fullest extent,
which requires further study and support from
the state.

The developed software product using artifi-
cial intelligence technologies based on machine
learning is an alternative way to prevent mater-
nal complications during pregnancy and can be
used both by nurses and directly by women of
reproductive age as an independent diagnosis
and vigilance towards their maternal health.

The survey showed readiness to use the mo-
bile application during pregnancy, with more
than 50% of them ready to pay a paid subscrip-
tion in order to use it.
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JOITOJIHUTEJIBHAA HHO®OPMALIUA

Bkiaan aBTopoB. Bce aBTOpHI BHECHH Cy-
IIECTBEHHBIA BKJIAJ B pa3paldOTKy KOHIICTIIIHH,
MPOBEICHUE HCCIIEOBAaHUS U TOATOTOBKY CTa-
ThU, IPOWIH U 0A00pWIN (PUHAIBHYIO BEPCHUIO
niepes myOmrKanue.

KondaukTt uHTEpecoB. ABTOpHI JEKIapUpy-
IOT OTCYTCTBHME SIBHBIX U MOTEHLMAJIbHBIX KOH-
(ITMKTOB MHTEPECOB, CBSA3AHHBIX C MyOIUKAIIH-
el HacTosIIed CcTaThu.

HUcTounuk ¢puHaHcupoBanus. ABTOpHI 3a-
SIBJISIIOT 00 OTCYTCTBHM BHEITHETO (DMHAHCHUPO-
BaHUS TIPU MPOBEICHUN HCCIICTOBAHNUS.

HNudpopmupoBannoe corsiacue Ha myoJiu-
KAIMI0. ABTOpBI MOJYYUIU NUCHBMEHHOE CO-
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riracue y4aCTHUKOB aHKCTUPOBAHUS Ha H}’6J'II/I-
Kaluio JaHHBIX.
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