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Imtroduction. Modern methods and means of health monitoring involving mobile
phones (m-Health) can soon become widespread personal health assistants ensuring
strong motivation for optimization of the healthy lifestvle. Despite the major advances in
understanding the pathogenesis of menial health and internal diseases, the research of the
early risk factors that affect the health of voung adults has become a priovity in medicine.

This study is aimed at creation of a new «in silico» diagnostic medical technology,
which could provide efficient and convenient approach to personal/doctor’s control and
analysis of health (longevity operative informative technology, acronym: SMART LION)
Jor the purpose of investigating the impact of lifestyle on health of medical students and IT
(Information Technology) students.

Methods. We held a cohort study using a sleep diary, stress reaction, alexithymia and
sleep/health-related data of about 100 students (56 females and 44 males aged 18-24)
Jfocusing on body weight index (BWI, norm = 18.5-24.9), sleep pattern (timing, duration
per day/week), physical activity related to sport exercises and duration of daily sitting
time, including work with computer (divided into 3 groups: 1-low, 2-regular, 3-intense),
learning performance (divided into A, B, and C classes), incidences of acute respiratory
infections (ARI) per vear (divided into low — <4 times a vear or high - =4 times a vear. The
study involved m-Health programs « Your nervus» and «Analysis of the HRV» for Android
smariphones and tablets.

Results: BMI<18.5 was found in 22% (19% of female, 3% of male) of students,; normal
BMI —in 76% (35% of women and 41%of men), and BMI = 24.9 — in 2% of MS. Forty-three
percent of studenis in group 1 engaged into physical activity, as did 50% of those in group 2,
and 7% of students in group three. Sixty-eight percent of students worked on their computers
Jor more than 6 hours a day, and 32% - less than 6 hours. The daily lack of sleep (6 hrs and
less) was found in 43% of students; 6-7 hrs of sleep - in 42% of students, and = 7 hrs - in
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15% of students. Academic performance: 26% of medical studenis who participated in the
study belonged to group A, 56% - to group B, and 18% - to group C. The students identified
inability to cope, helplessness, increased psychological pressure, mental tension, and
excessive workload as main stress factors. Students ' own estimation of stress was confirmed
by 87% of male and 61% of female students while HRY estimation revealed sympathetic
hypertonus in 94% of female and 75% of male students. The incidence of ARI =4 times/vear
was the highest in the first group (33%). Circadian dysfunction (CD) was recognized by
about 63% of persons, students with moderate and intense physical activity fell ill 3-4 times
a vear: Students who sleep less than 6 hrs a day (16%) had a C academic level, all of them
had ARI more than 4 times a year.

Conclusion: Our pilot study has shown that CD and increased sitting time are the early
risk factors in student s lifestvle. The comprehensive specialized multi-function personalized
application SMART LION with client-server architecture will help to recognize early
changes in human behavior, mindset, and emotional state, which can be induced by CD
and increased sitting time as soon as possible, and stimulate the student s interest in and

preparedness to lead a healthy lifestyle.

Key words: mHealth, risk factors, student health, civcadian vhythm, stress, sitiing time.
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Bemyn. Hezeaocaroun na 3nauui yenixi 6 pozvMiHHI naniozenesy NCuxiunozo 300poe'a
Ma 3axX6OpIOEas GHYMPIMHIX op2anie, JocIiONcen s pannix dakmopie pusuky, saxi eniea-
10 HA 300p06 '8 MOnodi, € npiopuniemom y Meduyuni. Cyuacui memoou ma 3acobu cho-
Cmepesceiia 3a 300poa am uepes MoBLIsNI npucmpol (caapmdony, nianen mowo)
mHealth nezaGapom moxcyms cmamu WUpoKonowUpeRUM ROMIMHUKAMI 014 3a6e3nedeHa
300p06 '8 IHOUGIOVMA, CIIGOPIVIONN CUILHY MOMUGAYII0 O QOMPUMAHNS Ma onmumizayii
300p06020 CHOCOOY HCUMMIAL.

Hane docnidaxcenis enpamosane na cmeopenns Hoeoi «in silicoy» diaznocmuunoi mexio-
J021T MEOUUHO20 CHPAMYBAHNA, KA MOJICe 3a6e3neuumu edhekmuenuii ma 3pyuHuii nioxio oo
HEPCOHAILHO20/ TIKAPCHKO20 KOHMpONio ma anamisy emaiy 30opoe'a (Longevity Operative
Informative Technology, axponivi: SMART LION), wgo6 docriounu ponb 6ney yipraonix
nopyutens (L) na sdopoe’s emydenmis-meduxie ma emydenmie chaxyismentis ingopuva-
YITHUY mexHonoalil.
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Memeoou: Kozopmue Oocniosxcents, wo 6KIoNaio 6 cede sUKOPUCMAHHA UO0eHHUKA
CHY, OYINKY nepyenyii cmpecy, aiokcumemii, 36ip oanux npo con mda iHux nOKA3HUKIE,
noe 'azanux 31 cmanom 30opoe’a, Gyvno nposedeno Ha 100 emydenmax (56 oci6 ycinouor
cmami, 44 ocobu uonoeiuoi ecmami; eixom 18-24 poxie), npudinawuu ocotnuey veazy moekcy
macu mina (IMT, nopwma 18.5-24.9), pearcumy cny (vac, mpusanicns Hpomazom OHa, nMudic-
Ha), Qiswunin akmusnocmi 6idnogiono Jo QisuuHUX HABAHMAdCeHs MA MPUBAIOCMIT Yacy
Npo6edeHo20 y CUOAUOMY HONONCEHHI WOOHA, BKIOUHO 3 HAcoM PoGOmI 3 KOMR lomepom
(posnodinenns wa 3 zpynu: 1-nuzvra, 2-pezyidapua, 3-inmencuena), npooykmusHocmi Ha-
euanns (oyinolomsca ¢ A, B, C knac), eunadkam 2oempux pecnipamopnux ingheryii (1'PI)
(<4 abo >4 paszie/pix) 3 euxopucmannsm m-Health npozpam “Bawa nepsosa cucmena”™
(“Your nervus") ma «Ananiz eapiabenonocmi cepyecozo pummy (BCP)» (“Analysis of the
HRV") ona emapmdgbonie | nranuienis 3 onepamuenoio cucmemoro Android.

Pesyomamu: IMT < 18.5 pospaxosanuii y 22% (19% axcinok, 3% uanosixie); Hopmans-
wuit IMT — v 76% (aciniu - 35%, wonosixu - 41%), IMT > 24,9 — y 2% obemencenux. Pizuu-
Ha akmuenicms 1 z2pynu eusenena 6 43%, 2-i —y 50%, i 3-1 — y 7% oci6 iz 3azanvnol 2pynu.
Hoscaxdenna mpusanicme pobomu 3 xovn wmepom > 6 200 cnocmepieanaca v 68%; < 6
200 -y 32%. [I{odenna necmaua cny (mpusanicns cHy 6 200 i menute) HaasHua 6 42,85%; con
npomszom 6-7 2o0un —y 42%, > 7 200 — y 15,73%. llpodykmuenicms nasuanna: xiac Ay
26%, B - 56%, C - 18% 6i0 3a2ansnol Kitbkocmi o6emedcenix cnyoenmie. 3axeopiosanicms
wa I'PI > 4 na pix susenena y 26%,; < 4 pasu na pix — v 74% cmydenmis. Pisenw sucoxor
mpusoxchoemi  1T-cnyoenmie  Ha momenm eunpoéveans cknadas 30%, cepednboi-60%,
nuzsroi -10%. Bin oyinosasca 3a donomozow memodurxu (wwxan) Cninbepea-Xanena, a
marosxe npozpamu “Bawa nepeosa cucmema” (“Your nervus’) ona eusHauenns piens
cempecocmiiikocmi. Hixana cxradanacs 3 40 numans, cnpavmosanux na usHauenns peak-
MUGHOT Ma 0cotUCMICHOL MPUBOIHCHOCI.

Hesoamuicme enopamuca 3 nocmagienum 3a80aniim, Gesnopaonicme, 30insuienis
HCUXONOSIUHOZ0 MUCKY, NCUXIUHE HANPYICEHHA MA 3aHAOMO GEIUKe HAGAHMANCEHNA GV
20N08HUMI CAMOCMITING OYiHeHUMH «uuHHUKaMu cmpecyy. Camooyinky cmpecy niomeep-
ounu 87% i 61%, a oyinka BCP euseuna cunnamuunuti zinepmonye ¢ 94% i 75% cmyoen-
mie scinouol i uanoeiuoi cmami, eionoeiono. 3axeoprweanicme na 1Pl = 4 pasu / pix 6yna
natisuugoro v 1 epyni (53%). Il/] susnaiomses 6 Gnuseko 65% oci6, cmyoenmit 3 ROMipHOI0
ma inmencusHo izuunol akmuenocmi xeopinu 3-4 pazu na pix. Axkademiunuii pieens kna-
¢y C gusanenui y cmyoenmis, ki criugme menute 6 200 Ha dens (16%), v ecix nux vacmoma
IPI = 4 pazu / pik.

Bucnoeox: Hawi nonepedni pesyviemamu noxazam, wo [T ennueac na 30opos’s cmy-
Odenma. Kovinnexcua, cneylanizoeana, MymbmugyyHKIOHAIbHA NepCOHANi306ana Npozpama
SMART LION i3 empyrkmypoio knichm-cepeep 0onomModice 8 Hanmsuowuii cnocio sussumu
PAHHE 3MIHU 6 NOBEOIHYI MI0OUKY, IT MUCTEHHI Ma eMOYITHOMY cmani, aKi Moxcyme Gymu
surnuxani I i 36insuennam npoeedenozo uacy 6 cudsaiomy RooNcei, a maxoie po3ei-
samume 3ayiKagneHicnb | 20MOGHICHIb CMYOeHMie Jo 6edeHHA 300P06020 CHOCOBY JCUNNIA.

Kmiouoei cioga: m-Health, gpaxmopu pusuxy, 30opoe’s cniyoenniie, yupkadnui pumm,
cmpec, 4ac € CUOAUOMY RONONCEHHI.

INTRODUCTION
Modern digital health systems are innovative opportunitics for health care and
interaction between patient and medical staff, which is often based on informative
computer technology (ICT) cloud-, telemedicine-, and mobile phone approaches (mHealth)
(Evesenbach. 2001). Involvement of patients (consumers) into preventive care via modern
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channels of information delivery (smartphones or tablets) is the global trend aimed at
monitoring well-being, health control, and easy connectivity with health professionals via
ICT gadgets (Free, 2013; Adibi, 2015). According to the data of the European Research
Counsel for 2015, 97,000 of mHealth apps are currently available and 70% of them target
costumers and their well-being & fitness while 30% are aimed at health professionals. In
the meantime. modern everyday social life is characterized by overload of stress related
to circadian dysfunction. caused by “blue light” from multi-screen influence (PC, laptop.
desktop PC. tablets, e-readers) or lack of sleep, insomnia (Chang, 2015; Stevens, 2015).
and wide common “desk-style” lifestyle inducing additional constant negative impact
on health (Proper, 2011; Martins, 2015). Recent data have shown that sitting for a long
time is a kind of a “second smoking™ habit. It causes endothelial dysfunction (Thosar,
2015), along with chronodisruption (Karatsoreos, 2012). Current changes in population
dynamics (migration, social isolation, family disintegration or war-time), as well as
barely tolerated population diversity, also belong to the negative factors that impact health
(Gouin, 2014: Mikal, 2015), cognitive functions and memory (Garett, 2010). Therefore,
they can be interpreted as additional present-day lifestyle risk factors. It is well known
that development of Alzheimer’s disease spectrum (AD). according to the data of the
Karolinska University (2013-2015), Mayo clinic reports (2014-2015), and Harvard
and USLA studies (2012-2015) related to vascular dementia and accelerated aging,
often started at young age. sometimes even before 30 and was clinically invisible and
generally ignored (Shaw, 2013; Knopman, 2014). The ranges of behavioral disturbances
and cognitive impairment in AD genesis and their neuropsychological performance
scores have been investigated in the last years. Recent studies point out the link between
stressful life events and depression, being the prodromal stage of AD, as well as with
frailty”, described as the decreased ability of an organism to respond to stressors (Assari,
2015:; Robillard, 2015). Besides, changes of cognitive reserve. an individual difference in
mind’s resistance to brain injury by numerous environmental or inner factors, is generally
considered as a measure of regulatory influence induced by chronic stress (Rickenbach,
2015). There are also numerous data proving that melatonin, being released in an age-
dependent manner, helps the organism to anticipate periodic changes in the environment.
and consequently represents important adaptive mechanisms allowing the organisms to
survive under markedly altered conditions (Zayachkivska, 2007-2014; Kepka. 2015; De
Berardis, 2015). Melatonin-related biological circadian rhythms play an important role in
physiological functions and adaptation to stress (Yamanaka, 2014). Moreover. circadian
dysfunction contributes to the incidence of a wide range of clinical pathological conditions
including sleep disorders, inflammation and even carcinogenesis (2007-2014). In fact,
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disorders of melatonin release associated with social stress and circadian dysfunction
caused by environmental factors (“blue light” influence, lack of slecp) may be hidden by
adaptive reactions of the organism and only integrative approach of mHealth can reveal
the abnormalities. If this is correct. integrative evaluation and regulation in real-time mode
by mHealth multi-monitoring of personal physiological parameters during the stress. sleep
and daily activities, as well as of psvchological changes. along with imaging of neural
processing, should reflect early asymptomatic (preclinical) or thinking difficulties (mild
cognitive impairment) stages of AD. which are a critical “window™ for disease-modifying
treatment. Currently, there are many medical gadgets and mobile devices that provide a
different discrete information about health: pulse, blood pressure. the level of physical
activity. the number of burned calories over time. time and phases of slecp. and others.
However, there are not enough software tools for effective analysis of the data taking into
account the possible impact of some parameters on the other ones. which would allow
identifying risk groups and preventing potential discases, as well as creating programs for
corrective feedback.

Therefore. our aim was to create a new «in silico» diagnostic tool for efficient and
convenient personal and medical control and analysis of health, lifestyle and stress-induced
living behavior via mHealth approach using software “SMART LION™ (Longevity
Informatics Operative Navigator) based on “Multi-scale Modular Mathematical™ (3M)
analysis.

SUBJECTS AND METHODS

One hundred apparently healthy students (56 female and 46 male) of the Lviv
National Medical University (LNMU) and the National University «Kyiv-Mohyla
Academy» (KMU) aged 19-24 were enrolled in a cohort study. The data collected
included anthropometric results (height measured by standardized stadiometer and weight
measured according to EP240 (Ukraine). calculation of body mass index (BMI, normal =
18.5-24.9). sleep pattern investigation (timing, duration per day. and week), identification
of duration of sitting time and physical activity (divided into 3 groups: 1-low. 2-regular.
3-intensive). academic performance (divided into A, B. and C classes according to
academic reports), and incidences of acute respiratory infections (ARI) per year divided
into: low <4 or high >4 times/year. In addition, stress perception and alexithymia were
tested. All subjects underwent an investigation by m-Health program «Your nervus» and
«Analysis of the HRV» for Android smartphones and tablets (Dorosh, 2015). The Ethics
Committees of the LNMU and the International Scientific-Training Center for Information
Technologies and Systems approved the design and study protocol. Collecting integrative
data of human parameters, “SMART LION™ allowed conducting a comparative express-
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analysis (normal, borderline, abnormal) for identification of risk groups. and revealing the
integrated indicators (indexes) for complex and professional analysis.

Structural organization of Smart Lion health navigator includes client and server
parts (Fig. 1). Structural organization of the client-server part of such system intended
for personalized healthcare envisages the following elements at the client level: user
identification procedures; transfer of data from medical sensors and devices or data input
with the help of keyboard: establishment of a local database, local computing module,
and polls: performance of express analysis, and display of results. A global database
is formed on the server. and a comprehensive analysis (¢.g. of heart rate variability) is
carried out. Its results are further used for the production of corrective recommendations.
Android Studio integrated development environment (http://developer.android.com/tools/

Th b WY bt s
Cingrsa, e wd rece e rdains

!

Fig. 1. Structural organization of the Smart Lion health navigator (Dorosh O., et al 2015).

studio/index.html) was used for health navigator software development. Examples of the
developed software systems include «Your nervus» and «Analysis of the HRV» m-health
programs for Android smartphones and tablets. « Your nervus» has a set of test questions to
determine the stress level of a person (perception of stress. alexithymia and anxiety). The
software allows analyzing the answers to the questions given by key schemes of different
difficulty levels and displaying the analysis results on the screen of personal mobile
devices. Medical gadgets with built-in pulse sensors, like MioFuse fitness bracelet (fig.2).
were used to test the «Analysis of the HRV». The heart rate was being monitored for 10
hours. A comprehensive professional analysis of HRV via the server was done using the
methods of spectral analysis of functions in different bases, including the maximum and
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average values of heart rate (HRV), the analysis of time intervals (RR), and calculation of
the following parameters: MHR - mean heart rate, mRR - mean RR-intervals, pNN50 - the
number of pairs of successive NN-intervals that exceed 50 milliseconds. In determining the
distribution of cardio intervals we defined: Mo - fashion. meaning the level of functioning
of the cardiovascular system; the most frequently observed Amo - amplitude modes;
power value influences of sympathetic part in autonomic nervous system (ANS), which are
most frequently observed: and VAR - variational scale, a measure of power influences of
neurohumoral regulation. SI is the regulatory systems tension index showing the degree of
regulatory systems tension (a measure of the activity of the central benefits of autonomous
regulatory mechanisms). In the process of Fourier spectral analysis we evaluated: ULF —
the power over extremely low-frequency components for measuring very low power
influence of neurohumoral control, it is associated with thermoregulation or other long-
term control systems, such as renin-angiotensin system and the sympathetic part of ANS;
VLF, LF - extremely low-power and low-frequency components for measuring low power
influence of neurohumoral control, they are associated mainly with the sympathetic and
parasympathetic parts of ANS. In the course of research. we also recorded HF - high-
power components for measuring the power of high impact neurohumoral control (it is
predominantly associated with parasympathetic part of ANS). TP - total power spectrum
of HRV for measuring power influence of neurohumoral control; LFnorm - normalized
low-power components; the relative level of low-level of neurohumoral control associated
with impact of sympathetic part of ANS: HFnorm - normalized power high-frequency
components for measuring the relative level of the high-level of neurohumoral control,
associated with the relative level of the parasympathetic part of ANS; LF / HF - ratio of
low capacity and high-frequency components determined by measuring the balance of
low- and high-frequency parts of control to detect a disbalance in ANS control.

Statistical analysis of all data was done using the Statistica 10.0 (Statsoft, USA)
statistical package.

RESULTS AND DISCUSSION

Main anthropometric data and normal range of BMI were found in 76% (35% -
women and 41% - men) of students while the incidence in BMI changes reached 24%.
The tendency of BWI being less than 18.5 was found in 22% (19% of women. 3% of
men) of students and BMI > 24.9 in 2% of the subjects, which indicated the first grade of
obesity. Forty-three percent of students of the 1 group, 50% of students of the 2 group, and
7% of students of the 3 group were physically active. The parameters of daily duration
of computer work have shown that all students spend about 4 or more hours at their
computers. In 68% of subjects out of the total study group. this indicator exceeded 6
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hours. and in 32% it was less than 6 hours or about 4 hours. which confirmed a prolonged
daily sitting time and the excessive influence of the “blue light”. The data from student
sleeping diary records have shown that daily lack of sleep (6 hours and less) was present
in 43% subjects; 6-7 hours of sleep - in 42%. and > 7 hours — in 16% of subjects. CD
was recognized in about 65% of persons. The students’ academic performance, according
to their grades was as follows: 26% of students had “A™ grades, 56% - “B” grades. and
18% - “C” grades. The incidence of ARI that exceeded 4 times/year was found in 26% of
subjects. and less that 4 times/year — in 74% of subjects. The incidence of ARI >4 times/
vear was highest in the 1st group (53%). i.c. the students with moderate and intensive
physical activity fell i1l 3-4 times a year. Students, who sleep less than 6 hours/day (16 %).
had “C” grades, and all of them had ARI >4 times/year.

Inability to cope. helplessness, increased psychological pressure. mental tension
ant too much workload were main self-estimated “stress factors” determined by *Your
nervus” app. Self-estimation of stress in the study group was confirmed by 87% of female
and 61% of male students. Analysis of HRV on the basis of the heart rate data and R-R
intervals, which was done using the «Analysis of the HRV» by medical gadgets with built-
in pulse sensors (on fitness bracelet MioFuse (Fig.2)) together with spectral analysis. has
shown normal functioning of ANS or parasympathetic influence (vagotonic impact) in
25% of women and 48% of men that were included into the cohort study.

FUSE Workout
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Fig. 2. The study of heart rate using MioFuse Fitness bracelet.
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MHR: 100 (1hm)  pNNEG: 003(%)
mRR: 59 (we)  NNEG: 3

Fig. 3 shows a case study of HRV in a 2 1-year-
old male student with no stress according to his
self-estimation and data of “Your nervus” app.
In the course of testing, the program received the
following indicators: MHR = 95 (1 / min): mRR =
628 ms; pNN50 = 0.036%: NN50 = 75. Mo =
650 ms; Amo = 0.124%: VAR = 2,967 ms; SI =
100,019 ms; ULF = 8,776 ms2; VLF = 1,930 ms2;
LF = 1,928 ms2; HF = 17 ms2; TP = 12,651 ms2;
LFnorm = 0.9912; HFnorm = 0.0087; LF / HF =

ULF: 8776 e 2] TR 1251 (s 2
[ s e e 113.41. A formal diagnosis of moderate strength of
HE: 17 (Me’2) LFHF: 11341
: HRYV: the advantage of the high-level regulation;
e low risk of a fatal condition.
: S The results obtained by the “Analysis of the
HRV™ app reflected the disbalance in ANS with
B L a shift to sympathicotonic hypertonus in 75% of
b S ) ""‘:_" :Itr[::’ female and 52% of male students.

Amo: 0,3555

There are several important limitations of this
Fig. 3. HRV research by time intervals
and spectral analysis.

pilot study. Sharply increased degrees of stress
perception and the rise of sympathetic influence in
the female group can be explained by the impact of their hormonal sensitivity on HRV
tracking during different phases of the menstrual cycle (menses. follicular phase. and luteal
phase). Additionally. the current hostilities have a specific and novel kind of influence
on human population. when human relationships and interpersonal communication in
Ukraine have changed. These emotional changes in civilian population result from their
unwillingness to accept different interpretations of political events or views, loss or
creation of a new “common ground”, which causes the polarization in society. Moreover,
the Ukrainian social life is characterized by the shift in everyday activity, departure from
the relaxing family pastimes towards the anxious search for the latest news, often late at
night, using very interactive technologies (the internet, social networks). The limitless
and live-streamed information caused changes in circadian rhythm patterns, one of the
main regulators of human physiology and homeostasis. Therefore, economic (decreased
incomes, fear of insecure financial future of the Ukrainians) and civil instability, as well as

wartime create chronic stress which promotes the development of health problems.
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CONCLUSIONS

1. Early risk factors of student lifestyle seem to include circadian dysfunction and

increased total daily sitting time combined with increased stress perception.

2. Anintegrative approach to biomedical sciences and IT sciences can help create a
comprehensive specific time-bound multi-personalized mobile system with client-server
architecture and adaptability to individual user requirements, which would help monitor
the students” health and extend their involvement into prevention of diseases.

3. The specialized software SMART LION enables the increase of the mHealth
systems ecfficiency in identification of early risk factors of stress among students and
promotion of their interest in and preparedness to lead a healthy lifestyle.
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