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Abstrakt

Telemedicinské systémy maji potencial zvysit efektivitu pii kompenzaci metabolickych
onemocnéni, presto nejsou plosn€, dlouhodobé vyuzivany v systému zdravotni péce. Jednou
z definovanych bariér implementace telemedicinskych systémil je personalizace systému, kdy
nabizena feSeni nabizi jednotny koncept pro vSechny pacienty a nastaveni systému probiha az
na zakladé zpétné vazby zpouzivani systému pacientem. Pro dlouhodobé vyuziti
telemedicinského systému je dilezita souhra né€kolika faktort, zejména pak spravny vybér
druhu pouzitych technologii, pozitivni pfinos na zdravi pacienta a zahrnuti individualnich
pozadavkl pacientti pii konfiguraci systému.

Cilem prace bylo navrhnout a ovéfit funkce a zhodnotit vliv telemedicinského systému
Diani na kompenzaci onemocnéni diabetes mellitus. Dale pak skrz analyzu sledovanych
parametrl sestavit ndvod na optimalni konfiguraci systému dle individualnich potfeb pacienta.

Na zéklad¢ literarnich reSersi a prizkumu trhu byly urceny typy pfipojitelnych periférii
do telemedicinského systému. Na zédklad€é multikriteridlni analyzy byly pak vybrany konkrétni
zafizeni. Formou klinickych studii byly zkoumény funkce telemedicinského systému a jeho vliv
na zakladni parametry diabetu.

Vysledky klinickych studii potvrdily pozitivni vliv telemedicinského systému Diani
na glykovany hemoglobin a zhodnotily zkuSenosti z dlouhodobého pouZivani systému.
Poukézaly na dulezitost personalizace systému dle individudlnich pozadavkl pacienta
ve vztahu ke complianci k 1é€bé diabetu a adherenci k pouzivani systému. Na zaklad¢ analyzy
dat ze série kazuistik byl vypracovan navod pro optimalni konfiguraci systému pro urcity typ
pacienta, kdy zakladni myslenka je v apriorni personalizaci systému, jesté pfed jeho prvnim
pouZzitim.

Implementace telemedicinského systému do 1é€ebného lazenského systému prokazala
jeho pouzitelnost a pfinos v realné praxi. Limitujicim faktorem vyuzitim SirSiho potencidlu

systému je interoperabilita pouZzitych technologii a neptimy pfistup k méfenym datim.

Kli¢ova slova:

diabetes mellitus, telemedicinsky systém, klinicka studie; hodnoceni; complianci



Abstract

Telemedicine systems have the potential to enhance efficiency in compensating
for metabolic disorders, yet they are not widely and durably utilized in the healthcare system.
One of the defined barriers to the implementation of telemedicine systems is personalization,
where offered solutions provide a uniform concept for all patients, and system configuration
occurs based on patient feedback after system wuse. For the long-term utilization
of a telemedicine system, the coordination of several factors is crucial, especially the correct
selection of the type of technologies used, the positive impact on the patient's health, and

the inclusion of individual patient requirements in system configuration.

The aim of the work was to propose and verify functions, evaluate the impact
of the telemedicine system Diani on compensating diabetes mellitus, and, through the analysis
of monitored parameters, compile a guide for optimal system configuration based on individual
patient needs.

Based on literature reviews and market research, types of connectable peripherals
for the telemedicine system were identified. Specific devices were then selected through
a multicriteria analysis. Clinical studies were conducted to examine the functions
of the telemedicine system and its impact on basic diabetes parameters.

The results of clinical studies confirmed the positive impact of the telemedicine system
Diani on glycosylated hemoglobin and assessed experiences from long-term system use.
They emphasized the importance of system personalization according to individual patient
requirements in relation to diabetes treatment compliance and system usage adherence. Based
on data analysis from a series of case studies, a guide for optimal system configuration
for a specific type of patient was developed, with the basic idea being the a priori
personalization of the system before its initial use.

The implementation of the telemedicine system Diani into the therapeutic spa system
demonstrated its usability and benefits in real practice. A limiting factor for utilizing the broader
potential of the system is the interoperability of the technologies used and indirect access

to measured data.
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Seznam zkratek

ADA — Americka diabeticka asociace (American Diabetes Association)

AGP — ambulantni glykemicky profil

BMI - index télesné hmotnosti (Body Mass Index)

CE — oznaceni shody vyrobkil s pravnim piedpisim Evropské unie (Conformité Européenne)
CGM - kontinualni monitoring glykémie (Continuous Glucose Monitoring)
COVID-19 - koronavirové onemocnéni 2019 (coronavirus disease 2019)

CDS CLS JEP — Ceska diabetologicka spole¢nost Ceské 1ékaiské spole¢nosti Jana
Evangelisty Purkyné

CR — Ceska republika

CSN — oznaéeni &eské technické normy

CVUT — Ceské vysoké uéeni technické

DACR — Diabeticka asociace Ceské republiky

DM — onemocnéni diabetes mellitus

DMI1 — onemocnéni diabetes mellitus 1. typu

DM?2 — onemocnéni diabetes mellitus II. typu

DDB — mobilni aplikace diabetického diate Diabetesdagboka

EN — evropska norma

EU — Evropska unie

FBMI — Fakulta biomedicinského inZenyrstvi

FDA — americky Utadu pro kontrolu potravin a 1é&iv (Food and Drug Administration
FGM — intermitentni (okamzité) monitorovani glykémie (Flash Glucose Monitoring)
FN — fakultni nemocnice

GDH-FAD — dehydrogenéza-flavin adenin dinukleotid

HbAlc — glykovany hemoglobin

ID — invalidni diichod

IDF — Mezinéarodni diabetickd federace (International Diabetes Federation)

IFCC SD — vyzkumna divize Mezindrodni federace klinické chemie a laboratorni mediciny
(International Federation of Clinical Chemistry and Laboratory Medicine Scientific Division)
IKEM — Institut klinické a experimentalni mediciny

IoMT - internet 1ékaiskych véci (Internet of Medical Things)

IoT — internet véci (Internet of Things)

ISO — mezinarodni organizace pro normalizaci (International Organization for

Standardization)



K¢ — Koruna ¢eska

LF — 1ékarska fakulta

LME - statisticka metoda linearnich smisenych efektti (Linear Mixed-Effects models)
MARD - primérna absolutni chyba (Mean Absolute Relative Difference)

MRI — index nejistoty pii urceni a vypoctu MARD (MARD Reliability Index)

NSE — Norské centrum pro vyzkum E-health (Norwegian Center for E-health Research)
PAHO — Pan American Health Organization

PN — pracovni neschopnost

PUV — ptihlaska uzitného vzoru

RZPRO - Registr zdravotnickych prostredkt

SD — smérodatnd odchylka (Standard Deviation)

SMBG — selfmonitoring glykémie (Self-Monitoring of Blood Glucose)

SMS — sluzba kratkych textovych zprav (Short message service)

SVL CLS JEP — Spoleénost vieobecnych 1ékait Ceské 1ékaiské spolecnosti Jana Evangelisty
Purkyné

SW — programové vybaveni (software)

TS — telemedicinsky systém

UK — Univerzita Karlova

UPV — Utad primyslového vlastnictvi

USD — Americky dolar

UZIS — Ustav zdravotnickych informaci a statistiky CR

VPN - virtualni privatni sit’ (Virtual Private Network)

VZP — VSeobecna zdravotni pojistovna

WG-CGM - pracovni skupina IFCC SD zabyvajici se stanovenim minimalnich pozadavkl na
CGM/FGM (Working Group Continuous Glucose Monitoring)

WHO - Svétova zdravotnicka organizace (World Health Organization)

WHOQOL-BREF — dotaznik hodnotici kvalitu Zivota od WHO (WHO Quality of Life-BREF)
ZP — zdravotnicky prostiedek
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1 Uvod

Metabolické nemoci ptestavuji rostouci hrozbu pro celosvétové vetejné zdravi. Obecné
jsou tyto poruchy vysledkem interakce dédi¢nych faktori s vlivy prostiedi (O’Rahilly, 2009).
Tato prace je zamétena na chronické metabolické poruchy charakterizované zvysenou hladinou
glukozy v krvi, ktera casem vede k vaznému poskozeni srdce, cév, oc¢i, ledvin a nervii — diabetes
mellitus L. a II. typu (WHO, 2016).

V néavaznosti na naristajici pocet pacientli s onemocnénim diabetes mellitus stanovila
Svétova zdravotnicka organizace (WHO) cil, zastavit nariist cukrovky a obezity do roku 2025.
Snahou pftisluSnych zdravotnich autorit je minimalizovat dopady nemoci jak na pacienta, tak
na systém jako takovy (WHO, 2016). Jednou z moznosti, jak ulevit ptetizené siti poskytovatell
diabetologickych sluzeb (Kesavadev & Mohan, 2023) a zaroven zlepsit metabolickou kontrolu
pacientll, jsou telemedicinské systémy, které¢ jsou v poslednich deseti letech stile castéji
vyuzivany (Timpel et al., 2020). K vétSimu a zejména rychlejSimu rozvoji a uplatnéni
telemedicinskych systémti do praxe napomohla i neddvna doba pandemie COVID-19
(WHO, 2016).

Metaanalyza provedenych studii ( Finet et al., 2015; Kato et al., 2021; Rodriguez-Ledn
snizeni hodnot HbAlc, tedy na zékladni parametr ukazujici na dostateCnost metabolické
kontroly onemocnéni. U dalSich parametr(, napt. frekvence a pfedchazeni hypoglykémiim
nejsou vysledky jednoznacné (Faruque et al., 2017). Je prokdzano, ze doméci monitorovani
vitalnich parametrli a vyuZiti telemediciny, miZe sniZit dlouhodobé cévni komplikace diabetu
a tim snizit celkové naklady (Kesavadev & Mohan, 2023) a zlepsit kvalitu Zivota pacientl
(De Groot et al., 2021). PiestoZe maji telemedicinské systémy potencidl usnadnit 1écbu diabetu,
nejsou plosné integrovany do systému zdravotni péce (Foster et al., 2019; Klonoff, 2009).

Nadnérodni autority (IDF, WHO) a odborné spolecnosti (ADA, CDS CLS JEP, DACR,
FDA, PAHO) proto definovaly problematické oblasti, které brani efektivnimu vyuZzivani
telemedicinskych systéma v soustavé zdravotni péce (PAHO, 2016, Dinesen et al., 2016).
Jednou z nich je 1 personalizace telemedicinskych systémt, kdy je potfeba udrzet motivaci
pacienta dlouhodobé¢ a aktivné vyuzivat technologie. Rada studii (Bakken et al., 2006; Hu,
2003; Manning et al., 2020; Tensen et al., 2021) se zaméfovala na hodnoceni technologii
pacientem, jeho spokojenosti s vyuZivanim technologii a miry jejich vlivu na kompenzaci
diabetického onemocnéni. Chybi zde ale funk¢ni feSeni vCetné obecného navodu, jak toto

problematické misto feSit (Dinesen et al., 2016; PAHO, 2016). Soucasné postupy
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implementace telemedicinskych systémil jsou zaloZeny na uzivani jednotného konceptu sytému
pro vSechny pacienty, personalizace zde probihd zejména na zdkladé One-to-one metody
(Dinesen et al., 2016; Mohan et al., 2008), tedy systém se pfizplisobuje na miru pacienta v
okamziku, kdy ho pacient jiz pouziva.

Vyzkum, popsany v této disertacni praci, je zaméfen na vyzkum vlivu telemedicinského
systému Diani na kompenzaci diabetu a vyvoj systému, ktery zohlednuje pozadavky stanovené
odbornymi spole¢nostmi (ADA, 2019; CDS CLS JEP et al., 2012; IDF, 2021) a nadnarodnimi
autoritami (WHO, 2022; WHO, 2016; PAHO, 2016) a cili na pfizptisobeni samotného
telemedicinského systému, na zéklad¢ individudlnich potieb konkrétniho pacienta, jesté pred
prvnim pouzitim telemedicinského systému. Tento postup jsme nazvali apriorni personalizaci.
Diani integruje bézn¢ dostupna zafizeni a umoziuje variabilni pouZiti technologii na zaklad¢
pozadavki uzivatele, véetn¢ unikatniho napojeni na dohledovy pult.

Nasledujici text obsahuje uvedeni do problematiky onemocnéni diabetes mellitus
a moznosti vyuziti telemedicinského systému pfi jeho kompenzaci. Formou komentate sedmi
védeckych publikaci a jednoho uzitného vzoru popisuje vyzkum v oblasti pouziti
telemedicinského systému (TS) Diani pro podporu 1écby pacientl s diabetem a jeho postupny
vyvoj od rou 2012 tykajici se zjistovani vlivu Diani na kompenzaci onemocnéni diabetes
mellitus a sestaveni navodu pro optimalni konfiguraci TS na zaklad¢€ individuélnich pozadavki
pacienta. Vedle téchto klicovych publikaci je z textu odkazovano na fadu dalSich publikaci,
které §iteji v kontextu nebo vice do hloubky objasiiuji aspekty diskutované v této praci. Odkazy
na tyto publikace jsou uvedeny v referencich. Kompletni texty klicovych ¢lankt a uzitného

vzoru jsou piilohou této prace.

1.1 Seznam klic¢ovych publikaci

1.  Publikace 1: Vlasakova, M., & Muzik, J. (2016). Effect of Activity Tracker on Risk
Factors of Metabolic Syndrome. The International Journal On Biomedicine And
Healthcare, 4(2), 42-45. http://www.ijbh.org/ijbh2016-2.pdf

2. Publikace 2: Oulicka, M., Muzik, J., Muzny, M., Broz, J., & Arsand, E. (2013).
Overview and Multi-Criteria Analysis of Glucometers for Telemonitoring of Patient
with Diabetes Mellitus. European Journal For Biomedical Informatics, 9(3), 22-25.
https://www.ejbi.org/scholarly-articles/overview-and-multicriteria-analysis-of-

glucometers-for-telemonitoring-of-patient-with-diabetes-mellitus.pdf
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3. Publikace 3: Oulicka, M., Muzik, J., Holubova, A., & Broz, J. (2015). Pozadavky na
pfenosny glukometr — soucasnost a budoucnost. In J. Broz, Lécba inzulinem (1 vyd.).
Maxdorf. (Kapitola v knize)

4.  Publikace 4: Muzik, J., Holubova, A., Oulicka, M., Muzny, M., Polacek, M., Fiala,
D., Kvapil, M., & Broz, J. (2017). Telemonitorovaci systém Diani — ¢esky piinos ke
sbéru a analyze dat pacientii s diabetes mellitus 1. typu. In M. Kvapil, Diabetologie (s.
183-187). Triton. (Kapitola v knize)

5.  Publikace 5: Vlasakova, M., Muzik, J., Holubova, A., Fiala, D., Arsand, E.,
Urbanova, J., Jani¢kova Zd’arska, D., Brabec, M., & Broz, J. (2023). A Telemedicine
System Intervention for Patients With Type 1 Diabetes: Pilot Feasibility Crossover
Intervention Study. Jmir Formative Research, 7, €35064.
https://doi.org/10.2196/35064. (Clanek s IF 2.2)

6.  Publikace 6: Broz, J., Holubova, A., Muzik, J., Vlasakova, M., Muzny, M., Kralova,
A., Hoskovcova, L., Jani¢kova Zd’arska, D., Arsand, E., Hronova, M., Urbanova, J., &
Kvapil, M. (2020). Long term use of the telemonitoring system Diani in the therapy of
a patient with type 1 diabetes. Vnitini Lékatstvi, 66(4), e51-e55.
https://doi.org/10.36290/vnl.2020.081

7.  Publikace 7: Holubova, A., Vlasakova, M., Muzik, J., & Broz, J. (2019).
Customizing the Types of Technologies Used by Patients With Type 1 Diabetes
Mellitus for Diabetes Treatment: Case Series on Patient Experience. Jmir Mhealth
And Uhealth, 7(7). https://doi.org/10.2196/11527. (Clanek s IF: 4.301)

8. Uzitny vzor: PUV, ¢. 34660 (2019), Systém pro telemonitoring fyziologickych

parametrl a rezimovych opatfeni pacientl s diabetes mellitus

Poznamka: U praci publikovanych pred rokem 2015 je autorka uvadéna pod svym rodnym

prijmenim Oulicka (provdana Viasakova).
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2 Soucasny stav poznani

2.1 Diabetes mellitus

Diabetes mellitus (DM), jednoduseji nazyvany diabetes, je vazny, dlouhodoby stav, ktery
nastava, kdyz se objevi zvysend hladina glukézy v krvi, protoze t€lo nemtize produkovat zadné
nebo dostatecné mnozstvi hormonu inzulin nebo jej nedokéaze efektivné vyuzit vyprodukované
mnozstvi. Inzulin je esencialni hormon produkovany ve slinivce bfisni. Umoziuje glukoze
z krevniho feciste vstoupit do téla bunky, kde se pfeméenuje na energii nebo uklada. Inzulin je
nezbytny pro metabolismus bilkovin a tukl. Nedostatek inzulinu, nebo neschopnost bunék
na n¢j reagovat, vede k vysoké hladiny glukézy v krvi (hyperglykémie), coz je klinicky
indikator diabetu. Nedostatek inzulinu, pokud je dlouhodobé nekontrolovan, mize zpusobit
poskozeni mnoha télesnych organii, coz vede k invalidité¢ a ohrozeni Zivota nebo pfinasi
zdravotni komplikace (Graf 1), jako jsou kardiovaskularni onemocnéni, poskozeni nervi
(neuropatie), poskozeni ledvin (nefropatie), amputace dolnich koncetin a o¢ni onemocnéni,
coz ma za nasledek poSkozeni zraku nebo mize vést k az k slepoté. Vhodné nastavena lécba
a jeji dodrzovani mulze tyto zavazné komplikace zpozdit nebo jim Upln¢ zabrénit
(Magliano et al., 2021). Tyto komplikace vyrazné zvySuji naroky na poskytovanou lécbu a jeji
nakladnost (Sidlo & Burcin, 2020).

Komplikace spojené s onemocnénim diabetes mellitus

Neuropatie:
Retinopatie:
Nefropatie:
Srdecni selhéni:

Onemocnéni perifernich tepen:

Typ komplikace

Cerebrovaskularni onemocnéni:
Ischemicka choroba srde¢ni:

0% 2% 4% 6% 8% 10%  12% 14%  16%  18%

% vyskytu u pacientti s diabetem

Graf 1 - Vyskyt komplikaci u onemocnéni diabetes mellitus (Magliano et al., 2021)

Nejrozsitengjsim typy diabetu je diabetes mellitus I. a Il typu (DMl a DM2),
kdy spole¢nym projevem je hyperglykemie vznikld v dusledku absolutniho ¢i relativniho
nedostatku inzulinu. DM1 pfipadd zhruba na 5 % piipadli onemocnéni diabetes mellitus,
piiblizné 95 % pacientii predstavuji déti a adolescenti s diabetem. Se stoupajicim vékem
se zvysuje podil pacientii s DM2 (Sumnik et al., 2022).
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U DML spociva 1écba v pravidelné uzivani inzulinu, sledovani glykémie, fyzick4 aktivita
a edukacni podpora (Magliano et al., 2021). Lécba DM2 spociva ve zméné zivotniho stylu
zahrnujici zdravé, vyvazené stravovani, pravidelnou fyzickou aktivitu, odvykéani koufeni
a udrZeni si normalni télesné hmotnosti, dale pak pravidelnda kontrola glykémie, uzivani
oralnich antidiabetik, popiipadé 1é¢ba inzulinem (Magliano et al., 2021; Sidlo & Burcin, 2020).
Na DM2 piipada 91 % pacientii s diabetem (UZIS, 2017).

Pocet diabetickych pacienti kazdoro¢né nartista, analyza Mezindrodni diabetické
federace (IDF) (Magliano et al., 2021) uvadi celosvétovou prevalenci diabetu 9,8 % pro rok
2021 s nariistem na 11,2 % v roce 2045. Rostouci trend prevalence je patrny i pro CR (Graf 2).
Pii porovnani vyse prevalence CR s ostatnimi &lenskymi staty EU byla v roce 2021 CR na 22

misté (hiife na tom bylo Bulharsko, Malta, Recko, Portugalsko a Spané&lsko) (WHO, 2023).

Vyvoje prevalence v CR a &lenskych statech EU
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Graf 2 - Vyvoj prevalence diabetes mellitus v CR a v ¢lenskych statech EU mezi lety 2009-2020 (WHO, 2023)

Nérodni diabetologicky program 2012-2022 (CDS CLS JEP et al., 2012) si klade za cil
zlepsSit kvalitu péfe o pacienty s diabetes mellitus na celondrodni urovni. Spravné
kompenzovani pacienti zistavaji déle ekonomicky aktivni, jsou méné¢ a kratsi dobu
hospitalizovani a také Cerpaji mén¢ invalidnich dichodu (Plivova, 2021). Ze Zdravotnickych
rodenek CR zlet 2014 az 2021 vydanych UZIS (UZIS, 2015-2020; UZIS, 2022) vyplyva
sniZzeni poctu pacientll s diabetem pobirajici invalidni diichod, navySeni poctu pacienti
s diabetem registrovanych k 1écbé a mirné zvySeni poctu piipadli pracovni neschopnosti
(Graf 3). Zrocenek VZP zlet 2019-2021 (VZP, 2019-2020) vyplyva snizovani poctu
hospitalizaci v akutni liZzkové péci o 35 % (Graf 3). Pocet pacientl s diabetes mellitus vSak
kazdorocné nartsta (rok 2020 nebyl z diivodu zkresleni covidovou pandemii hodnocen. Snizeny
pocet pacientu s diabetem byl v primé souvislosti s jejich zvySenou umrtnosti behem covidové

pandemie (Plivovd, 2021)).
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Porovnani vyvoje poctu osob s diabetem s poctem piipradii
pracovni neschoponosti, invalidnich diichodi a poctu

hospitalizaci v CR
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Graf 3 - Vyvoj poctu osob s diabetes mellitus, pripadii pracovni neschopnosti, invalidnich diichodii z ditvodu DM a
poctu hospitalizaci v CR (Dusek et al., 2022; UZIS, 2015-2020;UZIS 2022; VZP, 2022)

2.2 Naklady na lécbu diabetes mellitus

DM piedstavuje znacnou ekonomickou zatéZ na zdravotni systémy zemi, samotné
pacienty s DM i jejich rodiny. Naruast globalnich vydaji na zdravi v diisledku onemocnéni DM
vzrostl mezi lety 2007 a 2021 z 232 mld americkych dolarti (USD) na 966 mld USD. IDF
predpokladé, ze do roku 2030, dosahnou vydaje spojené s lécbou DM 1,03 bilionu USD
(IDF, 2021). Graf 4 porovnava vyvoj nakladi spojenych s lécbou diabetu v celosvétové
méfitku, ¢lenskych statd EU a CR.

Prognoza IDF vyvoje celkovych vydaji souvisejici s 1é¢bou
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Graf 4 - Prognoza IDF vyvoje celkovych vydajii souvisejicich s lécbou diabetes mellitus (Magliano et al., 2021)
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V CR lze dle IDF (IDF, 2021) oéekavat mirny pokles vydaji na naklady spojené
s diabetem. Tento pozitivni jev lze ptikladat efektivni a kvalitni péci o pacienty s diabetem,
ktefi, 1 diky modernéjSim antidiabetikiim, maji mén¢ nezddoucich uc¢inkl a nizsi riziko vzniku
komorbidit (Plivova, 2021). Pouziti pokrokové 1écby s sebou nese zvysené piimé naklady
na lébu diabetu, VSeobecné zdravotni pojistovné (VZP) vzrostly tyto naklady mezi lety
2016-2020 o 20 % (Plivova, 2021).

Celkové vydaje na vefejné zdravotnictvi v CR doséhly v roce 2021 téméi 580 mld. K&
(Ciesler, 2023), z ¢ehoz 38,8 mld (7 %) tvoftily celkové vydaje na 1écbu diabetu (IDF, 2021).
Uplné celkové naklady na 1é¢bu diabetu mellitus je obtizné stanovit, nebot’ vedle p¥imych
nakladd (Iéky, vySetfeni u Iékafe, aj.) jsou zde 1 indukované naklady,
a to napf. na lécbu infarktu myokardu, cévnich mozkovych ptihod a chronického selhani ledvin.
V roce 2021 dosahly celkové vydaje na vetrejné zdravotnictvi témét 580 mld K¢ (Ciesler, 2023),
z ¢ehoz 38,8 mld (7 %) tvotily vydaje na 1é¢bu diabetu (IDF, 2021).

Primérné ro¢ni naklady na zdravotni péci u pacientl s diabetem byly 51 047,13 CZ K¢
(odpovida zhruba 2 177,5 USD) (IDF, 2021; Jedindkova, 2016). Tato suma kromé piimych
nakladl na 1é€bu pacienta zahrnuje 1 ndklady na hospitalizace a jiné, nez antidiabetické 1¢ky
(Jedinakova, 2016). Primérné roc¢ni naklady na 1é¢bu pacienta s DM jsou zobrazeny v Grafu 5.
Udaje VZP zahrnuji pacienty s DM1 i DM2, néklady na 16¢bu pacientt s DM1 jsou v§ak zhruba
5x vyS$8i, nez naklady na 1écbu pacientti s DM2 (Plivova, 2021). Lécba pacientli s DM1 zahrnuje
pouziti nejmodernéjSich technologii, jakymi jsou inzulinové pumpy nové generace a sensory

pro méteni glykémie, které s sebou nesou zvySené naklady na 1écbu.

Priimérne ro¢ni naklady VZP na 1é¢bu pacienta s DM
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Graf'5 - Prumerné rocni naklady VZP na lécbu pacienta s diabetes mellitus 11. typu (Plivova, 2021)
Zajimava je skuteCnost, Ze 1 pfes nartist pifimych nakladi na 1é€bu pacienta s diabetem
a zvySujici se prevalenci tohoto onemocnéni, odhaduje analyza IDF snizovani celkovych
nakladl spojenych s diabetem. Toho je mozZné docilit pouze snizenim ostatnich néakladi
spojenych s diabetem, zejména pak se vznikem komorbidit a poctem hospitalizaci. Potencial

zde ma 1 vyuziti novych technologii pfi 1é€b€ diabetu (Faruque et al., 2017; Lee et al., 2018;
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Subba Rao, 2001), véetné telemedicinskych systémui. Kdy sebemensi zlepSeni kompenzace ma,
v kontextu vysokého poctu pacientii, velky dopad na vynaklddané zdroje potiebné pro
kompenzaci diabetu.

Nedilnou soucasti 1¢cby (a ptimych nakladi na 1é¢bu diabetu) jsou zdravotnické pomicky
(ZP) pro diabetiky. Ty jsou pacientim proplaceny bud’ v plné nebo v ¢astecné mife, vzdy
na ur¢ité ¢asové obdobi. Dle ro¢enky VZP (VZP, 2021) z roku 2021, zaplatila pojistovna
za pomiicky pro diabetiky 1136,3 milionti K& Konkrétni vycty za jednotlivé typy pomiicek
za roky 2020 a 2021 jsou znazornény v Grafu 6.

Roc¢ni ndklady VZP na ZP pro pacienty s diabetes mellitus v
1200 1136,3 letech 2020 a 2021

1001,7
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800 703,1
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Celkové naklady na ZP pro odbér kapilarni ~ ZP pro stanoveni  ZP pro aplikaci 1éCiva
pomucky pro krve glukozy

diabetiky Typ nakladt
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Graf'6 - Rocni naklady VZP na ZP pro pacienty s diabetes mellitus v letech 2020 a 2021 (VZP,2020; VZP2021)

2.3 Dostupné technologie pouzivané pro 1écbu diabetes mellitus
V dnesni dob& maji pacienti s diabetem moznost vyuzit technologie pro monitoraci,
evidenci ¢i kontrolu zakladnich parametrii, které maji vliv na regulaci glukozy v téle.
Monitorovanymi parametry je hladina glykémie, davky aplikovaného inzulinu a dal$ich 1ék,
konzumace sacharidt aj. nutrientl v potrave, fyzicka aktivita a ptipadné dalsi parametry lisici
se svym vyznamem dle typu diabetu a fyzického stavu pacienta (vaha, tlak, tepova frekvence,
SpO2 a dalsi).
Tyto technologie bychom mohli klasifikovat jako:
e Zdravotnické prostfedky pro inzulinoterapii
e Zdravotnické prostfedky pro méfeni glykémie
e Zdravotnicky software pro podporu selfmanagementu diabetu pacienta
e Zdravotnicky software pro podporu rozhodovacich procesi 1ékaie
e Chytra zatizeni pro spravu fyzické aktivity

e Software zaméteny na zdravy zivotni styl
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Naroky na pokrocilost dosavadnich systémi zejména ze strany pacientil jsou sméfovany
na moznost automatického sbéru dat, jejich uklddani a synchronizace, idedlné¢ s chytrym
mobilnim telefonem. Velkym problémem dnesni doby je Castd nekompatibilita riznych
systémtl, tzn. zafizeni mezi sebou nekomunikuji a data se nesynchronizuji do stejné aplikace
nebo nevyuzivaji stejny software pro upload. Tento fakt zneptijemnuje situaci nejen pacientim,
ale 1 lékarim, jelikoz musi vyuzivat vice riznych programi, aby se dostali k datim
ze vSech zafizeni, které pacient nosi. Navic mnohdy nemohou vidét vSechna data na jedné
obrazovce, ale jsou nuceni preklikavat mezi aplikacemi (Holubova et al., 2019).

Nové se zaCaly objevovat telemedicinské systémy uréené zejména pro ambulance,
které umoznujici online konzultaci pacienta s 1ékafem (napt. CompuGroup Medical), sdileni
I¢katskych zprav, piehled kontrol u Iékafe, moznost zobrazeni a piehled e-recepti.
Vétsi zdravotnické instituce maji tendenci vyvijet si takovyto software sami (IKEM Online).
Trendem je integrace veskerych pacientskych dat do karty pacienta, pfimo ze zdravotnickych
prostiedkii (holter, CGM, tonometru, teploméru, osobni vahy, glukometru). Toto feSeni ale
zatim zadny, vefejné dostupny a znamy systém nenabizi.

2.4 Definice telemedicinského systému

Termin telemedicina je sloZen ze dvou slov. Prvnim je “tele®, vychazejici z feckého slova
“telos*, znamenajici na dalku a druhé slovo medicina pochazi z latinského terminu “mederi®,
které v prekladu znamena “léCeni* (Hruby, 2015). Svétova zdravotnicka organizace definuje
telemedicinu jako: ,,PouZivani informac¢nich a komunikaénich technologii pro poskytovani
zdravotnich sluzeb na dalku“ (Furdu & Patrut, 2013). V Ceské republice se legislativné
objevuje pojem telemedicina v navrhu novely zdkona o zdravotnich sluzbach, ktery vlada
schvalila 19. Cervence 2023, uc¢innost novely je od ledna 2024.

Telemonitoring je monitorace pomoci telemedicinské technologie (Hruby, 2015).

2.5 Telemedicinské systémy pro 1écbu diabetes mellitus

Telemedicinské systémy se stavaji stale CastéjSim, podplirnym nastrojem pii 1é€be
pacientt s diabetem (Lee et al., 2018; Subba Rao, 2001), pfesto vykazuji riznou efektivitu
pti podpote 1écby diabetu ( Finet et al., 2015; Kato et al., 2021; Rodriguez-Leon et al., 2021;
Rossi et al., 2013).

Telemedicinsky systém je zaloZen na poskytovani sluzeb zdravotni péce na dalku
s vyuzitim modernich komunikacnich a elektronickych technologii a multimedialni pocitatoveé
techniky k realizaci vzdaleného sbéru, pfenosu, zpracovani, uchovdvani a dotazovani

pacientskych informaci slouzici k dal$imu poskytovani vySetfeni, dohledu a diagnostice
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zdravotniho stavu pacienta, véetné dalkového vzdélavani a spravy informaci (Cui et al., 2020;
Clark et al., 2010; WHO, 2010).

Automatizované podplurné nastroje pro pacienty s diabetem a jejich oSettujici 1¢kare, maji
cil usnadnit, zlepSit a zrychlit rozhodovani o kompenzaci DM. TS sdruzuji informace
o fyziologickych datech pacienta (hladina glykémie, krevni tlak), laboratorni uidaje (glykovany
hemoglobin, hladina lipidll), informace o navycich pacienta (strava, vzorce piijmu potravy
cviceni), davkovani 1éki, subjektivni pocity (pocit hypo/hyper glykémie, stres apod.)
a o udalostech (hospitalizace, planované navstévy). TS tak mohou ovlivnit riizné aspekty péce
o pacienta, mysli se tim zejména informacni, klinické, behavioralni, strukturalni a ekonomické
dopady (Klonoft, 2009).

Informacni dopadem TS na pacienta je zejména lepsi kvalita elektronického zaznamu
nez ruéné psanych zaznamda, které mohou byt neuplné, nebo se ztratit, zapomenout. Klinickym
dopadem je rychla reakce na dostupna data (Lee et al., 2018), a tak moznost Castéj$i Upravy
nastavené¢ho lé¢ebného planu (Faruque et al., 2017), coz mize vést ke zlepSeni vysledki
glykovaného hemoglobinu a ke snizeni nebo oddaleni komorbidit (Kato et al., 2021).
Ne vSechny TS pro lécbu diabetu vedou ale ke zlepSeni HbAlc (Finet et al., 2015; Lee et al.,
2018). Vliv TS na chovani pacienta spoc¢iva v Castéjsi uprava a pripomenuti terapie, to mize
vést k prohloubeni znalosti a hlubsimu pochopeni problematiky diabetu a celkovému posileni
postaveni pacienta v 1é¢bé DM (Klonoff, 2009). Strukturalni dopad tkvi v niz§i ndvstévnosti
pacienta v ordinaci lékate, na druhou stranu TS muiZe pfinést vétsi zaté€z pro lékare, ktery musi
reagovat na pravidelné zpravy a aktualizované udaje. Ekonomicky dopad TS systémi se urcuje
velmi slozité¢, protoZze studie zabyvajici se ucinnosti TS probihaly bud kratkodobé,
nebo nezahrnovaly ekonomickou analyzu (Zhai et al., 2014), v sou€asné dobé& se ale objevuji
studie, které potvrzuji s vétsi jistotou pozitivni ekonomicky dopad TS pii 1écbé diabetu
(Cui et al., 2020; Faleh AlMutairi et al., 2021).

Trendem soucasné doby je ukladat naméfena data na cloudové ulozisté, které umoziuje

nahled treti osobé¢, objevuji se pozadavky na poskytnuti téchto anonymnich dat tfetim stranam,
které by je mohly dale analyzovat (Garai & Pentek, 2015).
2.6 Uplatnéni telemedicinského systému

Telemedicinsky systém nabizi pacientovi nastroj, jak zvlddat své onemocnéni lépe,
efektivnéji a diskrétngji. Uelem telemedicinského systému je pfedchazet vzniku kritickych
stavil, a to nastavenim spravné kompenzace onemocnéni, a zjednodusit denni Zivot pacienta

tak, aby nemusel neustdle myslet na své onemocnéni, a ptitom mél svou lécbu pod kontrolou
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bez dal§iho zatizeni. Snahou je eliminovat psychickou zatéz pacienta plynouci ze strachu
a stresu z moznych hypo/hyperglykémii nastalych v situacich, kdy bude napt. sim doma,
nebo naopak mimo domov a v piipad¢, Ze tyto stavy nastanou, mu poskytnou alespon vzdalenou
podporu formou telefonické kontroly piipadné€ ptivolani prvni pomoci.

Déje se tak nejcastéji prostiednictvim zvyseni edukace pacientti, individualniho nastaveni
modult TS, poskytnuti pristupu ke komplexnim datim 1ékati a v€asnych informaci a pokyni
pacientovi na zaklad¢ konkretizovanych dat (Klonoff, 2009). Informace podavané pacientovi
by mély mit pro néj srozumitelnou formu a odpovidat jeho rozumové trovni. TS systémy
nemaji za cil nahradit konven¢ni systém zdravotni péce, jejich tkolem je doplnéni o funkci
okamzité¢ a dostupné 1éCebné péce vétsimu poctu pacientd, a to i s ohledem na dostupnost
I¢katskych kapacit (Haleem et al., 2021; Subba Rao, 2001).

V dobé covidové pandemie se zdlraznil pozadavek na dostupnost Iékatrskych sluzeb
i v okamziku, kdy bud’ osobni nebo vnéjsi aspekty neumoznuji fyzickou navstévu pacienta
u lékare (Faleh AlMutairi et al., 2021). V globalnim méfitku se pak vyskytuji zemépisné oblasti
s mén¢ dostupnou lékatrskou péci, TS tak mohou pacientim z odlehlejSich oblasti zpfistupnit
podobné zdravotnické sluzby, které maji pacienti s dostupnou Iékafskou péci (vétSinou
ve velkych méstech) (Cui et al., 2020). Jedna se o vyuziti telekomunika¢nich technologii
k podporte zdravotni péce. Telemedicina zahrnuje v€asny pienos a vzdalenou interpretaci udaji
o pacientech pro néasledné a preventivni zdsahy. Hlavnim i¢elem tohoto pfistupu je usnadnit
produktivni interakci mezi pacientem a poskytovatelem zdravotni péce za ucelem dosazeni
lepsich vysledki 1é€by a nizSich nakladi na 1é¢bu (Klonoff, 2009).

2.7 Komponenty telemedicinského systému

Mezi zakladni komponenty (Obréazek 1) se fadi proces pro presny sbér dat v digitalnim
formatu, elektronicky lékaisky zdznam pro zaclenéni udajii a dalkovy ptenos, sada protokol
pro vzdéalenou analyzu dat, rizné komunikacni nastroje umoznujici i€¢inny dialog mezi pacienty
a poskytovatelem zdravotni péce a systém pro automatické oznacovani a poskytovani zpétné
vazby pro odlehla data (Klonoff, 2009). Intervence probihd pomoci handheld zafizeni
se vzdalenym webovym serverem. Handheldovym zafizenim (lehkym, malym a pfenosnym
elektronickym zatfizenim s vlastnim napdjenim, na kterém mohou béZet riizné aplikace) mize
byt mobilni telefon, tablet, notebook apod. PfenaSend data maji né€kolik forem — hlasové zpravy
po telefonu, textové zpravy, emaily, video nebo datové soubory. Data jsou nasledné zaclenéna

do elektronického 1ékatského zdznamu a jsou dale analyzovéna a v pfipadé vyhodnoceni
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nezadouci situace systém automaticky generuje personalizované 1écebné doporuceni, které je

zpétn¢ doruceno pacientovi.

Pacient
e e / :
[ Zavizeni lécebné péce Servis
* Sit nemocnic ’ * Elektronicky zdravotni
* Soukromé kliniky e zaznam
* Primarni péce GSM e"bef » E-Recept
1 » Konzultace online
i Tel dicinsky » Lékaiské zpravy
elemedicins .
[ Odborny pracovnik ‘ . Edukace
) server * Telemonitoring
* Prakticky lékat W
+ Lékar SpeCia]iSta . Anal}'}zy algori{mf] .
* Sestra ' . *  Komunikace { Nistroje
* Farmaceut *  Ulozi§te dat
« Dalsi * Videokamera
* Zvukovy zaznam (telefonni
hoveor, Skype..)
Moo * Psany zaznam (email,
[ Handheld za¥izeni ‘ SMS)
* Chytry telefon * Sensory (CGM,...)
» Notebook -
* Stolni poéita¢ Komunikace 1
* Tablet . /

« Bluetooth
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Obrazek 1 - Komponenty telemedicinského systému (Alturki et al., 2021)

2.8 Pozadavky kladené na telemedicinsky systém

Z mapovani soucasného stavu vyplyva, ze GspéSny TS by mél byt bezchybny, Gc¢inny,
cenov¢ efektivni (Klonoff, 2009) a prakticky (Subba Rao, 2001). Soucasné TS spliiuji min. tfi
z téchto kritérii (Tran et al., 2020). Vyzkum vlivu TS pii 1écbé diabetu popisuje jejich pozitivni
ucinek do 12 mésic, studie ale neprokazali trvalé zlepseni HbAlc (Klonoff, 2009).

Je potiteba, aby byl systém uzpiisoben pozadavkiim uzivateld pii zachovani své
funkcnosti. Jeho pouziti musi byt pro pacienta zcela automatizované, jednoduché a intuitivni,
zpétna vazba musi byt personalizovana a upravena dle potieby pacienta. Jeho pouziti nesmi
pacienta obtéZovat, ¢i vice zatézovat. Telemedicinsky systém musi mit motivacni charakter
a posilovat psychickou pohodu pacienta, zvysit jeho sebejistotu ve smyslu zvladnuti svého
onemocnéni. Toho je téZké dosahnout, pokud je nastaveni systému jednotné pro vSechny
pacienty. S timto problémem se potyka vétSina mobilnich zdravotnickych zafizeni a aplikaci
s moznosti sdileni dat. Nej€astejSimi potizemi, na které pacienti narazi, jsou obavy o nabourani
kontinuity dosavadni zdravotni péce, postradani osobni konzultace s Iékafem, potize
s dostate¢nymi technickymi dovednostmi, popifipadé obtizné zaclenéni telemedicinského

systému do bézného zivota pacienta (Klonoff, 2009).
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Pacienti navic potfebuji, aby pouzivani nové technologie mélo pro né¢ osobni smysl
(tj. pokud jde o piisluSnou péci o sebe sama), protoze tato zafizeni mohou slouzit jako zasah
do kazdodenniho zivota pacienta a musi slouzit k tomu, aby se jejich zdravi dostalo do centra
pozornosti v osobnim zivoté, nikoli je definovat na zéklad¢ jejich chorobného stavu

(PAHO, 2016).

2.9 Bariéry implementace telemedicinského sytému

Zavadeéni TS a zejména pak jejich dlouhodobé vyuziti se potyka s fadou problémd, ty lze
rozdélit na zakladé oblasti, do které zasahuji, do 4 zakladnich skupin (Obrazek 2)
(Haleem et al., 2021; LeRouge & Garfield, 2013).

/ . Novy model Iékaiské péde
/ ", *Redefinice stavajicich roli a vznik novych profesionalnich profild
{ Organizace | *Vznik novych kompetenci
\ *Odolnost vici zménam
*Nedostatek pocitu sounalezitosti s projektem
Lidsky '_ =Uroven kompetenci
P '1_ faktor . -Stévajici postojna TS
/ “Lédebna zatez
.ff Bariéry \N ejistota

implementace H

\ . *Potieba komplexnich dovednosti (znalosti z mediciny, technologii,
Technologie | :
\ / | marketingu)

" *Problematika propojeni informaci
*Komplexni vyuziti implementovanych feseni
*Ochrana a zabezpeceni dat

"' Ekonomicky
\ faktor | *Néklady na implementaci
\ // Uhrada nékladil na udrzitelnost systému

Obrazek 2 - Bariéry implementace telemedicinského systéemu (Haleem et al., 2021, LeRouge & Garfield, 2013)

2.9.1 Technologie

Integrace dat ze zafizeni piimo do zdravotnické karty pacienta vedené u oSetiujiciho
1ékate je dlouhodobé diskutovany problém. Prestoze nékteré systémy nabizeji spravu dat
z vicero kompatibilnich zatfizeni a umoziuji je zobrazit tfeti osob¢, je potfeba manualniho, nebo
poloautomatického nahrdvani téchto dat do karty pacienta, popiipad€ vyuzivat tieti produkt
(SW aplikaci) pro néhled téchto dat. Chybi zde uceleny systém pro sbér dat ze vSech dostupnych
zdravotnickych prostiedkli dostupnych na trhu (napt. glukometrii, CGM) na jedno ulozisté
s automatickym nahravanim do karty pacienta a automatickym upozornénim pro Iékate
1 pacienta (PAHO, 2016; Shaikh et al., 2009). Dostupné TS nejsou komplexni, vyzaduji

vyuzivani vicero SW aplikaci.
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2.9.2 Lidsky faktor

Problém miize nastat pfi vycCitani dat ze systému pacientem, kde jsou limity jeho
rozumové vlastnosti a osobni preference. Castym jevem je poskytovani pouze kratkodobych
informaci na handhendlovych zafizenich — pacient, zde md moznost vidét pouze data
za 24 hodin, pokud je chce zobrazit v delSim ¢asovém horizontu, musi se pfihlasit na cloud,
to vyZaduje ukony navic a mohou ho tak od toho odradit.

Ditlezitym a casto opomijenym faktorem je kapacita pacienta pojmout a zpracovat
léCebnou zatéz (Haleem et al., 2021), kterou onemocni DM generuje. Lécba vyzaduje
celozivotni uzivani 1€k, pravidelné kontroly u specializovanych Iékatt, testy a zmény v zmény
v zivotnim stylu. Pro pacienty pfedstavuje zvladnuti vSech téchto ukoll zdravotni péce zna¢né
mnozstvi investované¢ho Casu, Usili a pozornosti. Pacient tak musi rozlozit svlij €as, nejen
mezi rodinu, praci a volny cas, ale navic jesté na 1écbu svého onemocnéni (u DM2 1é¢ba zabira
pacientovi pfiblizn¢ 143 minut denné (Haleem et al., 2021)). V téchto situacich pacienti zvazuji
ptinosy poskytované zdravotni péce oproti jeji zatézi a mohou se rozhodnout, ze zamérné
nebudou dodrzovat stanovena Iékaifskd opatfeni. Asi 40 % pacienti s chronickymi
onemocnénimi uvadi, ze nejsou schopni udrzet soucasné investice energie, ¢asu a pencz
do zdravotni péce po cely zivot (Haleem et al., 2021). Pfi implementaci telemedicinského
systému by méla byt zohlediiovéna i kapacita 1écebné zatéze pacienta, a to pomoci dostupnych
metodik.

2.9.3 Ekonomicky faktor

Dalsi problematickou zalezitosti mize byt vykazovani péce zdravotnickym zafizenim
a odménovani zdravotnického persondlu, ktery, 1 kdyZ pacient neni na fyzické kontrole, by mél
pravidelné prochidzet méfena data nebo reagovat na automatickd upozornéni sytému.
S tim souvisi i nedostatecnd ekonomicka analyza naklada a benefitl pozivani telemedicinskych
systémi. Tato analyza by mohla slouzit i jako argumentacni prvek pro zahrnuti péce
do uhradovych vyhlasek. Obecné je v tomto sméru citit mald motivace 1ékaiti systémy vyuzivat

(Ahola, & Groop, 2013).

2.9.4 Organizace

Pro praktické pouzivani TS mize byt bariérou i potfeba urcité technické znalosti
a rozumové schopnosti, aby mohl byt systém efektivné vyuzivan. Zde je potieba dikladného,
opakovaného Skoleni vSech uZivatelii (zdravotnického persondlu i pacienta). V neposledni fadé
je potieba, aby TS napliiovaly legislativni pozadavky, coz je administrativng, ¢asove a posléze

1 finan¢né€ naro¢ny proces (PAHO, 2016).
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Pokud bychom ze vSech oblasti mély vybrat kliCovd problematickd mista, urcujici
budoucnost TS jsou to: personalizace zdravotni péce; sparovani pacienti s vhodnymi
technologiemi; optimalni vyuziti udaji o zdravotni péci, véetné rozvoje bezpecného rozhrani
mezi udaji generovanymi pacienty a elektronickymi zdravotnimi zaznamy; nova vzdélavaci
témata pro pacienty a poskytovatele; nova odbornd komunita s komplexnimi znalostmi a praxi;
nové udrzitelné modely péce; prenos védeckych znalosti z vyzkumu do realizace a praxe
a inovativni vyzkumné metodologie v ramci TS (Ahola & Groop, 2013; Dinesen et al., 2016;
Law & Wason, 2014).

Cilem projektu Diani je zahrnout tyto vymezené problematické oblasti do predmétu

vyzkumu.

2.10 Personalizace telemedicinského systéemu

Pozadavek na personalizaci systému vychdzi zndrokii na efektivnost systému,
protoze muze mit vyznamny vliv na zlepSeni kvality poskytované péce (Mohan et al., 2008).
Rozlisuji se dva zakladni ptistupy k personalizaci (Dinesen et al., 2016; Mohan et al., 2008):

e One-to-one — systém pomoci dostupnych statickych a dynamickych informaci
spolu s naméfenymi hodnotami ziskanymi ze senzoril provadi uvazovaci modul
a své personalizacni algoritmy.

e One-size-fits-all — systém vychazi z analyzy populace, kdy vybira nejvhodné;si
model, ktery nasledné¢ implementuje jako obecné feSeni. Jednd se o formu
personalizace, kterda umoziuje pfijimat hruba rozhodnuti o personalizaci
na zakladé obecnych charakteristik populace pacienti a jejich zkuSenosti.

U obou pfistupi umozituji dostupné systémy nastavit osobni udaje o pacientovi, jako je
vek, pohlavi, typ diabetu, délka trvani nemoci, pfidruzené¢ onemocnéni, typ 1éCby, cil 1écby.
Rozdil je zdroj dat u vstupnich parametrii, jako je Zivotni styl pacienta, geografickd poloha,
denni aktivity. Ty se u One-to-one systému zaddvaji na zdklad¢ udaji ziskanych piimo
od pacienta. Do TS vstupuji informace o glykémii, popiipad€ o davce inzulinu, pohybu a dalsi
poznamky (napft. stres, nemoc, hormonalni cyklus u zen). Jednotlivé TS systémy se rozlisuji
mirou zpracovani vstupnich informaci, na jejichz zéklad¢ nékteré TS dovedou poskytovat
konkretizovanou zpétnou vazbu v akceptovatelné podobé pro pacienta (Mohan et al., 2008).

S mnozstvim novych technologii dostupnych pro 1é¢bu diabetu se objevila potieba
validniho ovéfeni spokojenosti uzivateli sjejim vyuzitim a wuziteCnosti technologii
vyuzivanych pfi 1écbé na kompenzaci onemocnéni (Manning et al., 2020). Za timto tcelem jsou

vypracovavany razné typy dotaznikového Setieni, které by byly jednoduse pouzitelné v praxi
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(Bakken et al., 2006; Tensen et al, 2021; Zhai et al., 2014). Hlavnimi posuzovanymi doménami
jsou kvalita TS, dostupnost TS pro pacienty, ptijatelnost TS, efektivita ndkladi a vliv
na organizaci poskytujici zdravotnickou péc¢i (PAHO, 2016).

Diskutuje se, zda lze posuzovat vliv personalizovanych TS na kompenzaci onemocnéni
standardni formou randomizovanych studii, a to s ohledem na moralni a etické hledisko.
Je zde pochybnost, zda by meél pacient vyuzivat techniku, kterou nepreferuje
a ktera nezohlediiuje jeho objektivni 1 subjektivni potieby a do jaké miry by byly vysledky
takovychto studie vypovidajici (Bell et al., 2013).

26



3 Stanoveni cile feSeni a hypotézy

V historii bylo ucinéno nékolik pokustt o vytvofeni telemedicinského systému
s pozitivnim vlivem na kompenzaci onemocnéni diabetes mellitus 1. nebo II. typu
(Faruque et al., 2017; Lee et al., 2018). Tyto systémy se vyznacovaly riznou mirou uspésnosti
(Finet et al., 2015; Rodriguez-Idigoras et al., 2009; Rossi et al., 2013). Ziskané zkuSenosti
vedly k definici hlavnich problematickych mist, které je potfeba pfekonat pro implementaci
efektivniho telemedicinské systému do soustavy zdravotni péce, jednim z nich je personalizace
telemedicinskych systémt (Dinesen et al., 2016; PAHO, 2016). Problematika implementace
a prijeti TS pacienty uzce souvisi s vhodnym propojenim pacienta s adekvatni technologii
(Mohan et al., 2008), to je vazano na podrobné znalosti o pacientovi. Zjistovanim informaci
o pacientovi, jeho spokojenosti s pouzivanym TS a mirou uG¢inku TS na kompenzaci
onemocnéni se zabyvaji nékteré prace (Hu, 2003; Manning et al., 2020; Tensen et al., 2021),
chybi vSak ucelend metodika, jak tyto informace implementovat do TS.

Myslenkou této prace je zvysit efektivitu implementace TS na zékladé personalizace TS
jesté pred jeho prvnim pouzitim pacientem. Jednd se o prizptisobeni TS na miru pacienta
odrazejici jeho specifické potfeby formou individudlniho nastaveni a modularity TS,
kdy individudlni nastaveni bude realizovano na zikladé komplexnich podrobnych dat
o pacientovi. Takové piizpisobeni telemedicinského systému jsme oznacili apriornim

personalizovanym nastavenim.

3.1 Cil prace
V reakci na definovana problematicka mista odbornymi spole¢nostmi a nadnarodnimi
autoritami, zavéry literarnich reSerS§i zaméfenych na implementaci a dlouhodobé vyuziti TS
pro podporu 1écby pacientii s chronickymi onemocnénimi a v neposledni fad€ na smér vyvoje
technologii aplikovatelnych v 1€cbé diabetu si klade tato prace nasledujici cile:
e Vybrat integrovatelné periférie do telemedicinsky systém s pozitivnim dopadem
na kompenzaci onemocnéni diabetes mellitus, ktery by v redlném case vy¢ital
informace ohledné zakladnich faktort ovliviiujicich onemocnéni DM1 a DM2
a ktery by ptekladal tato data pacientovi a Iékati v souhrnnych, pfehlednych a
srozumitelnych analyzach. Pfi navrhu struktury telemedicinského systému reflektovat
individualni pozadavky a preference pacientd na typ pouzitych technologii

aplikovatelnych pti 1écbé diabetu.
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e Ovefit funkce a zhodnotit vliv navrzeného telemedicinského systému na kompenzaci
onemocnéni DM 1 nebo DM2. Ziskané podnéty analyzovat a navrhnout upravy
pro dal$i vyvoj systému s cilem uplatnéni systému v realné praxi.

e Identifikovat mozné spojitosti zkoumanych parametrii, ve vSech jejich vzajemnych
interakcich a zjistit miru ¢inku na kompenzaci diabetu. Analyzované informace
nasledné aplikovat pii navrhu personalizovaného expertniho systému s moznosti
apriorniho nastaveni za ucelem dlouhodobého zlepseni kompenzace DM1 a DM2.

e Sestavit navod na optimalni konfiguraci pfipojitelnych periférii telemedicinského
systému dle individudlnich pozadavkl pacienta, ktery by usnadnil povéfenym
pracovnikiim vybér vhodné technologie pro daného pacienta, s potencidlem zvysit

adherenci pacienta k pouzivani systému pro zlepSeni kompenzace DM1 nebo DM2.

3.2 Hypoteza

Zakladnim ptedpokladem pro uplatnitelnost telemedicinského systému pro podporu
1é¢by diabetu, je jeho pozitivni vliv na kompenzaci tohoto onemocnéni. Klinicky dopad lze
hodnotit pomoci objektivné méfitelného parametru — glykovany hemoglobin (HbAlc), ktery
poskytuje nepfimou informaci o primérné hladin€ cukru v krvi (glykémie) v ¢asovém obdobi
4-6 tydni pred odbérem vzorku.

NejcCastéji se urcuje laboratorné z ven6zni krve pomoci iontoméni¢ové nebo afinitni
chromatografie, nebo ambulantné z kapilarni krve pomoci elektroforézy (Tranova, 2015).

Snizeni HbAlc o 1 % je pfimo spojeno s redukci ptimych celkovych nakladi 1é¢bu
pacientll s diabetem az o 2 % (Lage & Boye, 2020). Studie UKBDS 35 (Stratton, 2000)
prokézala, ze 1 % snizeni HbAlc u nové diagnostikované populace s T2D bylo spojeno s 21%
niz$i pravdépodobnosti rozvoje jakékoli komplikace souvisejici s diabetem, véetné o 14 % nizsi
pravdépodobnosti infarktu myokardu a o 37 % niz§i pravdépodobnosti rozvoje
mikrovaskularnich komplikaci. I malé sniZzeni HbA1c tak miiZe mit vyznamny klinicky dopad.

Pro ovéfeni vlivu telemedicinského systému na kompenzaci diabetu I. nebo II. typu byla
stanovena nasledujici hypotéza:

Ho: ,,PouZivani navrzeného telemedicinského systému pro podporu 1écby pacientti s DM1

nebo DM2 sniZzuje hodnotu glykovaného hemoglobinu HbA1lc minimalné o 1 %.*

Alternativni hypotéza:
Hi: ,,Pouzivani navrzeného telemedicinského systému pro podporu 1é€by pacientli s DM1

nebo DM2 nesnizuje hodnotu glykovaného hemoglobinu HbAlc minimélné o 1 %.*
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4 Vyvoj telemedicinskeho systému Diani

4.1 Telemedicinsky systém Diani

Myslenkou telemedicinského systému Diani je vytvoteni telemedicinské platformy pro
pacienty s diabetem, kterd by agregovala a analyzovala naméfena data, a ptedkladala je
pacientovi a jeho oSetfujicimu Iékafi v redlném Case za cilem zlepseni kompenzace diabetu.

Nazev telemedicinského systému (Diani) vznikl z piesmycky Diabetes Inspect
(Diabeticka kontrola) a vychazi z nejstar§iho modulu systému — Diabetes. Systém byl postupem
Casu rozSiten o modul pro sledovani hypertonickych pacientti, telerehabilitatni modul
pro pacienty s poruchou posturalni stability a modul pro pacienty s respiranim onemocnénim.
Odnozi tohoto systému je pak jesté sledovani fyzické aktivity, které lze vyuZzit pro dalsi
chronicka ¢i jind onemocnéni, u nichZ je vhodné kontinualni sledovani tohoto parametru zatadit
do kazdodenni péce pacienta. Inovativni myslenkou je napojeni celého systému na dohledovy
pult, ktery by v piipad¢ vyhodnoceni mimotéadné situace ptivolal prvni pomoc.
4.2 Vybér pouzitych technologii

Konfigurace TS Diani vychazi ze sledovani nejvyznamnéjSich parametrd, majici vliv
na kompenzaci diabetu (Oulicka et al., 2014a; Oulicka & Muzik, 2013). Zékladnimi parametry
jsou mnozstvi piijatych sacharidd, velikost davky inzulinu (perordlnich diabetik), hodnota
glykémie a mira fyzické aktivity (Jaana & Paré, 2007; Oulicka et al., 2014a). Méfici sada
modulu Diabetes méla tak zahrnovat glukometr (ptipadné systém
pro kontinudlni/intermitentni méfeni glykémie), chytré hodinky, které by zaznamenéavaly miru
vydané fyzické aktivity a mobilni aplikaci pro registraci mnozstvi pfijatych sacharidli a zaznam
poznamek.

Pti vybéru urcitého typu technologie je potieba zohlednit kromé piesnosti a bezpecnosti
1 adherenci uzivatele k urcité technologii ¢i zafizeni. Je tieba tedy zvazit etické hledisko,
kdy nelze pacientovi nafidit/vnutit urity typ zatizeni, které nekoresponduje s jeho zdjmem,
potencidlné¢ by mu mohla tato zména uskodit. I z tohoto diivodu je pfi oveétovani vlivu Diani
na kompenzaci diabetu vhodnéjsi aplikovat tzv. real-world studie nez randomizovany typ studii
(Bell et al., 2013; Dinesen et al., 2016).
4.2.1 Meéteni miry fyzické aktivity

Vroce 2013 zahrnoval self-management diabetu pacienta zejména sledovani pfijmu
sacharidi v potrave, davek antidiabetik/inzulinu a glykémie v krvi (Oulickd et al., 2014a).
Zaroven se v této dobé zacinaji na trhu objevovat nositelna zatizeni pro mefeni vydeje fyzické

aktivity — activity tracker (oznaCovany také jako fitness naramky, chytré hodinky,

29



nebo v odborné literatufe jako Electronic Activity Monitor System (Lewis et al., 2015)
¢i wearables (Muzik, 2022; Muzny et al., 2020). Ty maji riznou formu (chytré krokoméry
umist’ujici se na pasek, ¢i zapesti; chytré hodinky; prsteny). Spolecnou vlastnosti té€chto zatizeni
je schopnost odesilat naméfend data do chytrého mobilniho telefonu. Nasim zajmem bylo
vyuzit mozného potencialu nositelné technologie a rozsifit self-management diabetu o parametr
»mira fyzické aktivity*.

S cilem ziskat podrobnéjsi informace o mozném vlivu activity trackeru na rizikové
faktory metabolickych onemocnéni byla zpracovana podrobna literarni reserSe Publikace 1
(Effect of Activity Tracker on Risk Factors of Metabolic Syndrome). Do vyhledavani byly
zafazeny pouze plné texty v anglickém jazyce zvefejnéné v databazi Web of Science
se zamétfenim na experimentélni studie s Gcastniky star§imi 18 let. Na zakladé klicovych slov
bylo vyhledano 172 studii, plny text byl hodnocen u 95 studii. Kritériem pro hodnoceni plného
textu studie byla intervence pomoci activity trackeru zahrnujici vzdéalené koucovani
na rizikové faktory metabolického syndromu.

Vybrané studie byly velmi heterogenni v délce trvani studie, poctu ucastnikii, vybéru
sledovanych parametrii i zplsobu intervence. Vysledky naznacovaly kladny vliv activity
trackeru na rizikové faktory Metabolického syndromu (sniZeni rizika vzniku diabetu II. typu,
snizeni télesné hmotnosti a obvodu pasu). Byla identifikovana potfeba ucastnikti aktivné
vyuzivat vSechny funkce, které activity tracker nabizi, zejména pak individudlni nastavovani
cilt, srozumitelnou zpétnou vazbu a moznost sdileni dat se stejné zamé&fenymi uzivateli.

V analyzovanych studiich chybélo subjektivni posouzeni zacastnénych ucastnik,
které by vhodné doplnovalo objektivné méftitelné parametry. Tyto vystupy byly zohlednény
pfi vyvoji Diani a zaclenény do klinickych studii ovétujici vliv Diani na kompenzaci diabetu.

V soucasné dobé miiZzeme zatizeni pro méfeni a sbér dat v pfirozeném prostiedi pacientli
muzeme rozdé€lit na dva typy (Muzik, 2022):

e Certifikované zdravotnické prostfedky (pfedevsim CE, FDA)

e Necertifikovana, takzvana wellness/fitness zafizeni

Certifikované zdravotnické prostiedky jsou obvykle charakteristické vys§i Grovni
piesnosti a spolehlivosti. Jejich nevyhodou je narocny a pomérné zdlouhavy proces uvedeni
na trh. Vyvoj activity trackert (dnes spiSe pouzivany termin wearables, ¢i chytré hodinky) je
velmi rychly, kazdy rok jsou na trh uvadény nové modely zatizeni. U této technologie je proto

témet nemozné projit certifikacnim procesem na jehoZz vystupu nebude technologicky zastaralé
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zafizeni. Casto se stiva, e zafizeni ziska certifikat zdravotnického prostfedku dodateéng,
v dobé, dostupné na trhu (Muzik, 2022; Muzny et al., 2020).

Vybérem vhodnych wearables do Diani se podrobnéji zabyval kolega Muzny ve své praci
,»Wearable sensors with possibilities for data exchange: Analyzing status and needs of different
actors in mobile health monitoring systems” (2020), ktery zaroven vyvinul aplikaci
Diabetesdagboka pro registraci sacharidii a glykémie do chytrych hodinek Pebble Watch
od vyrobce Pebble Technology Corporation (Muzny, 2020). Zadané informace do této aplikace
v chytrych hodinkach lze sdilet s TS Diani. Ve svych pocatcich patiily chytré hodinky Pebble
k prikopniktim své oblasti. Hodinky piipojené k telefonu ptes rozhrani Bluetooth umoznovaly
ovladat hudbu, pfijimat oznameni o SMS 1 jinych zpravach a hovorech, zobrazit nahled
kalendafte atd. Jejich pouziti v TS Diani umoZiiovalo uZivatelim rychle a diskrétné zadavat data
do diabetického diate.

Analyza Muzného (2020) ukazala, ze v roce 2018 bylo na trhu dostupnych 362 zafizeni
wearables. Ale jen zlomek z nich vyuzivala pro ptenos dat standardizovany profil Bluetooth
Low Energy Generic Attribute Profile (umoZiiuje exkluzivni pfipojeni, periferni zatizeni miize
byt pfipojeno vzdy pouze k jednomu centradlnimu zatizeni napt. chytry mobilni telefon),
podporovala zdravotni middleware (programové vybaveni, které propojuje rtizny software,
komponenty aplikace) a naptiklad jen 16 % umoznila pfenos dat prostfednictvim piimé
komunikace se zafizenim (bez pouZiti proprietarni cloudové sluzby). Pro pouziti v TS Diani
byly vybrany activity trackery FitBit Flex od vyrobce Fitbit, Inc. a Xiaomi Mi Band 2
od vyrobce Beijing Xiaomi Technology Co., které podporovaly vySe uvedené technické feSeni
a byly pouzitelné 1 v prostfedi klinickych studii (Holubova et al., 2022) a zaroven se dal
predpokladat i dalsi jejich vyvoj a tim 1 budouci aplikace.

Dynamiku vyvoje nositelné technologie vystihuji i transformace v obchodni oblasti
spole¢nosti — v roce 2016 koupila spolecnost Fitbit, Inc. spole¢nost Pebble a nasledn¢ ukoncila
vyvoj chytrych hodinek Pebble. V roce 2019 byla spole¢nost Fitbit, Inc. Pfipojena akvizici
ke spolecnosti Google LLC (vlastnéna holdingem Alphabet Inc.). Pfi vyvoji telemedicinského
systému je potieba s touto dynamikou pracovat a pii integraci nositelné technologie vybirat
takovy typ zafizeni u kterého lze odhadovat i dlouhodobou podporu a kontinudlni vyvoj
vyrobct (Henriksen et. Al, 2018; Muzny et al., 2020).

4.2.2 Méfeni glykémie

V soucasné dob¢ rozliSujeme dvé technologické vétve pro méfeni sama sebe glykémie —
z kapilarni krve za pouziti glukometru nebo z mezibunééné tekutiny vyuZitim systému
pro kontinudlni méfeni glykémie (Oulicka et al., 2014). Kontinudlni méteni glykémie lze
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rozdelit na vycitani dat v redlném case (CGM) a intermitentni (FGM), nékdy téz nazyvané
okamzité, u kterych je vycteni dat ze sensoru vazano na ptilozeni ¢tecky k sensoru (specialni
zafizeni, dnes ma i1 formu mobilni aplikace v kompatibilnim chytrém mobilnim telefonu),

ktera data nacte.

4.2.2.1 Glukometry

Od roku 1970, kdy byl patentovan prvni glukometr Ames Reflectante Meter, prosel vyvoj
glukometri mnoha zménami (Oulickd et al., 2014a). Soucasné glukometry pracuji
na elektrochemickém principu s vyuzitim specifickych enzymatickych metod. Vyuzivanym
enzymem je glukozoxidaza, nebo glukéza dehydrogendza-flavin adenin dinukleotid
(GDH-FAD). Rozvoj metod glukometrl s sebou pfinesl zvySeni pfesnosti méteni a eliminaci
moznych chyb (Oulicka et al., 2014a). Soudobé glukometry jsou vybaveny fadou funkci,
jakymi jsou statistické prehledy namétenych hodnot, nastaveni notifikaci, moznost odbéru krve
z alternativnich mist, integrované komunikacni bezdratové rozhrani pro sdileni dat s chytrym
zafizenim.

Pro vybér vhodného glukometru pro integraci do telemedicinského systému byla
vypracovana analyza, jejiz vysledky shrnuje Publikace 2 (Overview and Multi-Criteria
Analysis of Glucometers for Telemonitoring of Patient with Diabetes Mellitus). Cilem analyzy
bylo vybrat dostupny glukometr, ktery by umoznil automatické sdileni dat s chytrym telefonem
a v co nejvyssi mife naplitoval podminky kladené pro pouZiti v telemonitoringu. Stanovenymi
parametry pro vybér glukometru byly:

e Detekce hladiny glukozy v krvi od 1,1 mmol/l do 33,3 mmol/l (odpovida
18 mg/dl az 594 mg/dl).

e Moznost propojeni a sdileni dat s chytrym telefonem. (Tento parametr nebyl zamérné
uzce specifikovan, protoze v dobé uskute¢néni analyzy nebyly na trhu pfili$ rozsifené

glukometry s moznosti sdileni dat s chytrym mobilnim.)

Na zéklad¢ klicovych slov a predmétovych hesel byly v odborné literatute identifikovany
ruzné typy glukometri a vyhledany srovnavaci a hodnotici studie glukometrd. Pomoci
webového vyhledavace byl provadén prizkum trhu prohleddvanim webovych stranek vyrobct
a prodejct zdravotnickych prostfedki. Dotazovani probéhlo v ¢eském a anglickém jazyce.

ReserSemi a prizkumem trhu bylo identifikovano 55 glukometrii od 19 vyrobct, jejich
ptehled s parametry je k ndhledu v tabulce v Ptiloze €. 2 této prace. 20 modelt glukometri bylo
dostupnych na ¢eském trhu, vSechny splnovaly podminku detekce hladiny glukézy v krvi

ve stanoveném rozmezi, ale pouze tf1i modely nabizely sdileni dat s chytrym telefonem — jeden
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ptes rozhrani Bluetooth a dva pomoci specialniho konektoru. Vyhovujicimi produkty byly:
Diamond Mini a iDiamond od vyrobce ForaCare Inc. a glukometr iBGStar vyrobce Sanofi
Aventis. Tyto glukometry byly nasledn€ posuzovany ve vicekriterialnim hodnoceni.
Hodnotici kritéria byla:
e Dostupnost glukometru na ¢eském trhu
e Moznost propojeni piistroje s chytrym telefonem pomoci Bluetooth
e MozZnost alternativniho mista odbéru krve

e Pfitomnost USB konektoru

Podrobny popis procesu vicekriterialniho hodnoceni je uveden v Publikaci 2. Na zakladé
analyzy byl vybran, pro pouziti v telemedicinském systému Diani, glukometr Diamond Mini,
ktery se vykazoval né€kolindsobné nejvyssi bodové skore, oproti dalsim hodnocenym
ptistrojim. Divodem byla zejména jeho moznost propojeni s chytrym mobilnim telefonem
prostiednictvim rozhrani Bluetooth.

Je mozné, ze vznikly vycet glukometri v analyze nebyl Uplny. K opomenuti vyrobku
mohlo dojit z dGivodu orientace dotazovani na ¢esky, ptipadné anglicky, komunikujici vyrobce
a prodejce glukometrii. Dal§im divodem mozného nenalezeni glukometru je neshoda
s vyhledavanymi zakladnimi vyrazy. V dobé vzniku analyzy nebyl dostupny novy online
Registr  Zdravotnickych  Prostfedkii (RZPRO), ten byl spustén az 1.5.2015
dle § 78 =zikona ¢. 268/2014 Sb., o zdravotnickych prostiedcich a o zméné
zékona &. 634/2004 Sb., o spravnich poplatcich, ve znéni pozd&jsich predpist (SUKL, 2015).

Vroce 2022 probéhla aktualizace analyzy doplnénim ZP vedenych v RZPRO
(SUKL, 2015). Stanovené dva primarni parametry spliiovalo 13 glukometri, 12 znich
umoziuje sdilet data pomoci rozhrani Bluetooth. Aktualizovany piehled glukometri je uveden
v Piiloze ¢. 9 této prace, mezi nimi 1 vybrany Diamond Mini v analyze publikované
v Publikaci 2. NarGst poctu dostupnych glukometrii, umoziujicich sdileni dat s chytrym
mobilnim telefonem, odrazi souCasny trend sdileni dat zrlznych zafizeni na cloud
(IoT — Internet of Things) (Erdal, 2018; Ioppolo et al., 2020). Problémem pfetrvava
interoperabilita jednotlivych zatfizeni, (ne)mozZnost pfimého sdileni dat a nutnost vyuZiti clouda
tretich stran.
4.2.2.2 Systemy pro kontinualni (okamzité) mereni glykémie

Analyza v Publikaci 2 byla zpracovana a publikovana v roce 2013, tedy v dobg,
kdy v thradové vyhlaSce Ministerstva zdravotnictvi nebyly zahrnuty syst¢tmy CGM a FGM.

Témer vétsina pacientt tehdy vyuzivala pro self-management diabetu glukometr. Pouziti CGM
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pfi fizeni diabetu je spojeno se snizenim vyskytu hypoglykémii a glykemické variability,
zvySenim podilu ¢asu straveném v cilovém rozmezi glykémie a vede k poklesu hodnoty HbAlc
(Friedecky et al., 2016; Olafsdottir et al., 2021). CGM a FGM byly, pro pacienty s DMI,
zahrnuty do thradové vyhlasky od 1.1.2019 se stanovenym ro¢nim uhradovym limitem
(Oulicka & Muzik, 2013).

Porovname-li data z ro¢ek VZP pro rok 2019 a 2021 (posledni vydana v dobé vzniku
této prace) muzeme pozorovat Sestindsobny nartist poctu predepsanych CGM a FGM (Graf 7).
Data pro pocet piredepsanych zdravotnickych prostfedkii nejsou pred rokem 2019 dostupna,
a to zdavodu legislativnich zmén, kdy byly v pribéhu roku 2019 zménény skupiny ZP
predepisovanych na poukaz, a to v€etné ptifazeni k jednotlivym kodim ZP. V rocence za rok

2019 tedy neni mozné¢ sledovat poukazové ZP s rozpadem na skupinu ZP (VZP, 2019).
Pocet CGM a FGM predepsanych na poukaz VZP

2021 340 542

Rok

2019 52761

0 50000 100000 150000 200000 250000 300000 350000 400000
Pocet (ks)
pocet piredepsanych sensort CGM/FGM

Graf 7 - Pocet sensorii pro kontinudalni nebo okamzité méreni glykémie predepsanych na poukaz VZP
(VZP 2019, VZP 2020)

V soucasné dob¢ (rok 2023) je na ¢eském trhu dostupnych 9 typt sensorti od 7 vyrobct,
jejich prehled je uveden v Ptiloze €. 10 této prace. S ptichodem CGM a FGM na trh a zejména
v dtsledku jejich pozitivniho klinického vlivu na vyvoj glykémie (Cappon et al., 2017; Cappon
et al., 2019), bylo pfirozenym zdmérem systémy integrovat do Diani. Prvnim takovym

systémem byl v roce 2017 sensor Dexcom G4 spole¢nosti DexCom, Inc.

4.2.2.3 Ptesnost méfeni

Selfmonitoring glykémie (SMBG) mé dilezitou roli v 1écebném planu pacientl
s diabetem (Laffel, 2016). Na zakladné zméfené hodnoty glykémie, si pacient upravuje davku
inzulinu. Je proto kladen velky diraz na vysokou pfesnost méfeni, a to i v doméacich
podminkach. Z tohoto diivodu byly sumarizovany pozadavky na ptfesnost glukometru, jez byly
vydéany v Publikaci 3 (kniha ,, Lécba inzulinem *, kapitola ,, Pozadavky na prenosny glukometr
— soucasnost a budoucnost ‘). Pozadavky na systémy monitorovani glykémie pro sebekontrolu

pacientll s onemocnénim diabetes mellitus shrnuje mezindrodni norma ISO 15197 (Systémy

34



diagnostickych zkousek in vitro — Pozadavky na systéemy monitorovani glykémie
pro sebetestovani pacientii s diabetes mellitus). Norma byla pfijata do soustavy ceskych
technickych norem vydanim ve véstniku Utadu pro technickou normalizaci, metrologii a statni
zkusebnictvi v lednu 2004. Uzivani normy se fidi zdkonem ¢. 22/1997 Sb. O technickych
pozadavcich na vyrobky a souvisejici predpisy. V roce 2013 byla vydana druhé edice normy,
kterd zptisiiuje kritéria pro glukometry uzivané pii SMBG. Zmény reflektuji moznosti,
které piinaseji technologie pro sledovani pacientii a zaroven vychazi z doporuceni odbornikt
v oblasti diabetu (Laffel, 2016). Cilem je zlepsit piesnost glukometra i snadnost jejich pouZziti.
Oproti prvnimu vydani normy, musely glukometry nové spliiovat pfesnost i mimo laboratorni
podminky, zohlednily se tak bézné okolnosti méfeni majici mozny vliv na vysledky testu.
Pro nejnizsi piijatelnost pfesnosti glukometru byla stanovena dvé kritéria:
e U 95 % vysledkli nesmi chyba méfeni piekro€it rozmezi + 0,83 mmol/l
pfi koncentraci glukdzy <5,55 mmol/l a pti koncentraci glukozy >5,55 mmol/l
nesmi chyba méfeni piesahnout + 15 %.
e 99 % vsSech namétenych hodnot spada do pasma A a B chybové miizky.

Zbylé 1 % musi lezet v jejich odlehlych hodnotach (v pasmech C-E).

Prvni vydani normy obsahovalo pozadavek, aby 95 % vysledkt testti spadalo do oblasti
A nebo B; na zbylych 5 % vysledkli nebyla kladena zadna omezeni (mohly tedy lezet
1 mimo oblasti definované mfiZkou. Zavedeni normy velmi pfispélo k vyraznému zlepSeni
kvality glukometri omezenim produkce a eliminaci uZivani nevyhovujicich glukometri
(Friedecky & Kratochvila, 2023). V soucasné dob¢ je v platnosti jiz treti edice této normy,
vydana v inoru 2016 — CSN EN ISO 15197 ed. 3., ktera neobsahuje zadné zmény tykajici se
presnosti.

Piesnost glukometru ovliviluje 1 kvalitu vysledkli méfeni systétmit CGM a FGM,
kdy nékteré typy sensorii pro monitoring glykémie vyzaduji kalibraci, kterd probiha praveé
na zaklad€ namétenych dat glukometrem.

Presnost meéfeni CGM a FGM je nejcastéji charakterizovana primérnou absolutni chybou
mezi hodnotami naméfenymi sledovanym zafizenim a hodnotami ziskanymi referencni
metodou — oznaCovano zkratkou MARD (Mean absolute relative difference). Spolehlivost
uvadénych hodnot MARD miize byt problematicka, odviji se od urovné referen¢nich méteni
a navrhu ovétovaci studie (rozdily ve statistickém zpracovani dat, v po¢tu hodnocenych pari
vysledki CGM a referenénich méfeni, ve zplUsobu kalibrace) (Laffel, 2016;
Reiterer et al., 2017).
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Hodnota MARD se vyznamné zhorSuje pii snizenych koncentracich glukézy
a pii rychlych zménach glykémie (Friedecky & Kratochvila, 2017). Je proto dalezité MARD
chapat pouze jako orienta¢ni hodnotu. Napiiklad — u sensoru Libre 3 uvadi vyrobce hodnotu
MARD 7,9 (Abbott, 2022a; Abbott 2022b). Tato hodnota vychazi znavrhu studie
bez glykemickych problému (Abbott, 2022a), tedy bez vétsi glykemické variability a SirSich
glykemickych vykyvi (Laffel, 2016). Pokud bychom aplikovaly ndvrh studie zahrnujici situace
s glykemickymi problémy, ziskaly bychom hodnotu MARD 8,9 (Heinemann et al., 2020;
Reiterer et al., 2017).
V Tabulce 1 jsou uvedeny hodnoty MARD uvadény vyrobci pro nejcastéjSich typli sensort,
vezmeme-li v ivahu posledni generaci sensoril, pohybuje se hodnota MARD od 7,9 — 11,6.
Pro zvyseni vypovidajici hodnoty MARD se zavadi vypocet indexu — MARD reliability index
(MRI), ktery shrnuje hodnoty nejistoty pifi ureni a vypoétu MARD
(Friedecky & Kratochvila, 2017).

Tabulka I — Prehled hodnot MARD pro nejéastéji pouzivané CGM a FGM (SUKL, 2015)

TYP SENSORU VYROBCE MARD (%)
LIBRE 3 Abbott Diabetes Care Ltd. 7,9
DEXCOM G7 DexCom, Inc. 8,2
EVERSENSE (E3) Senseonics, Inc. 8,5
GUARDIAN SENSOR 3 | Medtronic MiniMed 8,7
DEXCOM G6 DexCom, Inc. 9.0
DEXCOM G5 DexCom, Inc. 9,0
LIBRE 2 Abbott Diabetes Care Ltd. 9,5
GUARDIAN SENSOR 4 | Medtronic MiniMed 10,6
EVERSENSE Senseonics, Inc. 11,2
EVERSENSE XL Senseonics, Inc. 11,6
LIBRE Abbott Diabetes Care Ltd. 12,0
DEXCOM G4 DexCom, Inc. 13,0
ENLITE Medtronic MiniMed 18,3

Dtvodem, pro¢ se kvalita méfeni systémiit CGM a FGM tézko hodnoti je chybéjici
ustanoveni referen¢niho systému (a tim chybégjici ISO normy) a pfili§ obecné formulace
pozadavki na presnost ze stran nadnarodnich autorit (Friedecky & Kratochvila, 2023).
FDA stanovila minimalni poZadavky na pfesnost CGM a FGM systémi pro rizné rozmezi
glykémii nasledovné:

e Pii koncentraci glukézy < 3,9 mmol/l nesmi chyba méfeni presahnout
+0,83mmol/l u 85 % vysledkil a + 2,22 mmol/l u 98 % vysledkii. Z4dn4 hodnota
naméfena hodnota nesmi pfesahnout hodnotu 10 mmol/l.

e Pfi koncentraci glukozy v rozmezi 3,9 — 10 mmol/l nesmi chyba méfeni

ptesahnout + 15 % u 70 % vysledki, + 40 % u 99 % vysledk.
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e Pii koncentraci glukdzy> 10 mmol/l nesmi chyba méfeni pfesahnout

+15 % u 80 % vysledkd, + 40 % u 99 % vysledkl (Freckmann et al., 2019).

Lze pozorovat, ze stanovené minimalni pozadavky na CGM od FDA nejsou tak piisné,
jako stanovené minimalni pozadavky na glukometry od ISO. Vytvotfeni ISO normy pro CGM
a FGM v analogii k ISO 15197 je momentalné cilem pracovni skupiny WG-CGM spolecnosti
IFCC-SD, ktera se zaroven zabyva vytvoienim metrologické navaznosti kalibrace k referencni
metod¢ a certifikovanému referenénimu materidlu a urenim minimalnich pozadavky
na vykonnostni kritéria (Friedecky & Kratochvila, 2023).
4.2.2.4 Interoperabilita systému

Krom¢ presnosti je dalsi dilezitou vlastnosti (potfebné pro integraci zafizeni
do telemedicinského systému) interoperabilita jednotlivych pfipojitelnych technologii,
ptedevsim pak u CGM, FGM a inzulinové pumpy. Interoperabilita umozituje maximalné vyuzit
potencial vSech pfipojenych zatizeni. Konkrétné ve vyuziti naméienych dat dalsimi Iékarskymi
ptistroji a v integraci métenych hodnot do elektronickych zaznamt, napiiklad ptimo do karty
pacienta. Propojeni pfistroji umoziuje predikci vyvoje glykémie a automatickou modulaci
bazalniho inzulinu, vede tak ke zlepSeni kompenzace diabetu a dovoluje ptizplisobit nastaveni
managmentu diabetu zivotnimu stylu a navyklim pacienta (Cappon et al., 2019). Data
z wearables a diabetického diafe mohou tyto algoritmy dale zptesnit. Stejné jako u wearables
a glukometra je zde problém s piimym sdilenim dat, pro jejich pienos je potfeba vytvoreni
datového mostu pro napojeni na proprietarni cloud.

Prvnim sensorem, spliujici poZzadavky FDA (FDA, 2023) na interoperabilni CGM
(1ICGM), byl v roce 2018 sensor Dexcom G6 (Cappon et al., 2019).

Pro zachovani co nejvys§i miry univerzalnosti systtmu a zahrnuti individualnich
pozadavku a preferenci uZzivatelli, je snahou integrovat do systému co nejvice typu sensort.
K sensoru Dexcom G4, byly do Diani déle integrovany sensory Dexcom G6, nésledné Libre a
Libre 2 (iICGM je pouze Dexcom G6). BohuZel z divodu nestandardizovaného a neptimého
piistupu ke zdrojovym datlim je potiteba ke kazdému typu zafizeni vytvofit unikatni datovy
most pro prenos dat, coz vyzaduje vys$§i miru pracnosti a ¢asu. Vytvoiené datové mosty
vyzaduji v pribehu Casu jistou miru adrzby a je potieba je aktualizovat v rdmci zmén, které
provadéji ve svych systémech samotni vyrobci.

4.3  Struktura telemedicinského systému Diani
Z provedenych analyz, resSersi a prizkumu trhu vyplynulo, Ze v dané¢ dob¢ (rok 2020)

neexistoval systém, ktery by integroval vySe popsana zafizeni (wearables, glukometr, monitor
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glykémie, diabeticky diar), spliioval pozadavky kladené na telemedicinsky systém (kap. 3.1.1)
a zarovein byl napojen na dohledovy pult (Muzik et al., 2017), ktery by v pfipadé vyhodnoceni
mimotadné situace pfivolal prvni pomoc. Napojeni na dohledovy pult ¢ini z Diani unikétni
telemedicinsky systém pro podporu lécby pacientii s diabetem.

Jedineénost TS Diani byla proto zapsina na UPV formou UZitného vzoru
(PUV, ¢. 34660, System pro telemonitoring fyziologickych parametrii a rezimovych opatieni
pacientu s diabetes mellitus). Podstatou technického feSeni je spojeni lokalniho systému
monitorovani fyziologickych parametri diabetiki se vzdalenym dohledovym pultem
pro sledovani ptekroceni maximalnich piipustnych hodnot a upozoriiovani na rizikové stavy.
Nahled struktury Diani je na Obrazku 3, vykres systému spolu s popsanymi naroky na ochranu

je v Ptiloze €. 8 této prace.

Mérici slozka Spravujicislozka = Komunikacni slozka
— 5 Komunika¢ni
| Inzulinova pumpa | | Dohledovy pult | [zai"izeni bljzk)’Ich]
74 osob
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7’ telefon
[Glukomeir —
e I vzdaleny ey | PoitatIckare

serverovy pocitac
| Monitor aktivity |#| Chytré hodinky | Zb

Obrazek 3 - Struktura telemedicinského systéemu Diani (PUV, 2019)
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Systém se skladd ze tfi zdkladnich slozek — spravujici, méfici a komunikacni
infrastruktura.

Spravujici slozka (centralizované ulozist€) ma podobu vzdaleného serverového pocitace
vybaveného modulem pro zdznam dat propojeného s dohledovym pultem. Webovy server je
dale ptipojen k osobnimu pocitaci 1€kare, ktery jeho prostiednictvim mulize nahliZzet do databaze
namétenych dat fyziologickych parametrt uzivatele. Ke vzdalenému serverovému pocitaci je
prostiednictvim virtualni privatni sit¢ (VPN) bezdratové pfipojen dohledovy pult,
ktery je spojen s komunikac¢ni infrastrukturou.

Meéfici slozka zahrnuje chytry telefon a/nebo chytré hodinky, ptipadné také v podobé
chytrého naramku, sbirajici udaje o fyziologickych parametrech uzivatele (glykémie, tepova
frekvence, fyzicka aktivita) a rezimovych opatienich (mnoZstvi aplikovaného inzulinu
a konzumovanych sacharidi). K chytrému telefonu je pfipojen monitor fyzické aktivity
(wearables), glukometr, inzulinova pumpa, véha a tlakomér. V soucasné dob¢ je M¢éftici slozka

v

systému rozsifena o integraci kontinualnich monitort glykémie.
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Komunikaéni infrastruktura zahrnuje komunikacni zafizeni blizkych osob uZivatele
(nouzovych kontaktl) a Iékare, kterymi mohou byt chytré telefony, tlacitkové telefony, klasické
pevné telefony nebo osobni pocitae. Pocitac lékafe je souCasné piipojen ke vzdalenému
serverovému pocitaci prostfednictvim VPN.

Dohledovy pult ziskava data ze vzdalen¢ho serverového pocitace s tim, Ze pti dosazeni
limitnich hodnot sledovanych fyziologickych parametrii chytry telefon upozorni uzivatele
zvukovou a vizualni vystrahou a dohledovy pult generuje a odesle SMS, e-mail ¢i telefonni
hovor, a to dle typu piipojenych komunikacnich zatizeni a dle preferovanych typti komunikace
jednotlivych blizkych osob uzivatele a 1ékare uzivatele.

Popis funkci modulu Diabetes telemedicinského systému Diani, ptehled integrovanych
technologii a proces méfeni a zpracovani dat shrnuje Publikace 4 (Telemonitorovaci systém
Diani — cesky prinos ke sbéru a analyze dat pacientu s diabetes mellitus). TS Diani umoZiiuje
dalkové spojeni stadou elektronickych piistroji (Obrazek 4), ze kterych automaticky,
v realném Case stahuje a uklada naméfena ¢i pacientem vlozena data a zobrazuje je pomoci

webové aplikace (dostupné pod doménovym jménem www.diani.cz).

Obrzek 4- Integrovand zarizeni modulu Diabetes TS Dianiv roce 2017 (Muzik et al., 2017)
Konkrétné se systém sklada z:
e Aplikace diabetického diafe Diabetesdagboka (DDB), kterd byla vyvinuta
ve spolupraci s NSE a ktera je urcena pro chytré mobilni telefony a chytré hodinky
Pebble. Aplikace umozituje manualni registraci zkonzumovanych sacharida v jidle
pacienta, zaznam davek inzulinu ¢i antidiabetik, fyzické aktivity, naméfené hodnoty

glykémie, poptipad¢ poznamek. Data registrovana v DDB se automaticky ptenasi
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na server Diani, kde jsou dale zpracovavéna, analyzovéana a zobrazovana v jednoduché
grafické podobé.

e Glukometru Diamond Mini vyrobce FORA Care Suisse AG, ze kterého se namétené
hodnoty automaticky odesilaji pies rozhrani Bluetooth do DDB.

e Chytré hodinky pro zdznam vydané fyzické FitBit Flex od vyrobce Fitbit, Inc.
a Xiaomi Mi Band 2 a hodinek Pebble Watch.

e (CGM a FGM pro zaznam kontinualni kiivky glykémie, Dexcom G6, Libre 2

e Inzulinové pumpy — z diivodu nepftistupu ke zdrojovym datlim je potieba manualniho

importu dat z pumpy.

Cilem systému je, aby v co nejvetsi mife fungoval diskrétn€ a autonomné, a vyzadoval
jen minimalni nutnou obsluhu ze strany uzivateli.

Ze vsech periférii jsou data pfendSena na server Diani, kde jsou zpiistupnéna
pres webovou aplikaci uzivateli (pacient/Iékar). Do webové aplikace vstupuje uzivatel pres sviij
soukromy zabezpeCeny ucet, kde si (na zaklad¢ ptid€lenych prav administratorem) mize
stazena a ulozend data zobrazit ¢i stdhnout v nékolika modalitich (grafy, tabulky)
a to pro volitelna obdobi.

Na Obrazku 5 je zobrazen graficky, tydenni, vystup modulu Diabetes TS Diani,
ze kterého lze hodnotit vyvoj glykémie (kiivka zobrazuje data z CGM, body hodnoty
z glukometru, miru fyzické aktivity, davek inzulinu, mnoZstvi sacharidl a dal$i parametry.

Diani disponuje fadou analytickych nastroji — AGP, Glykemické profily (Obrazek 6),
Analyza jidla, Analyza pohybu, Simulace glykémie. Na zaklad¢ pifedem definovanych
parametri (pocet krokl, glykémie pted jidlem, glykémie po jidle, ¢asovy interval, pokles
glykémie) umoznuje funkce Analyza jidla a Analyza pohybu uzivateli vyhledat udalosti (napf.
strmi vzestup/pokles glykémie), které se v Case opakuji a maji ndvaznost na pfedem definované

parametry.
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Pacient tak miize snadnéji pochopit vliv pohybu a pfijem sacharidi na vyvoj
jeho glykémie a v dasledku toho 1épe nastavit management diabetu. Pfinosem Diani je,
ze agreguje, analyzuje a zobrazuje data zruznych technologii a predklada je pacientovi
a jeho oSetfujicimu 1ékati formou grafti ¢i tabulek. Uzivatel tak mtize jednoduseji analyzovat
souvislosti mezi vydanou fyzickou aktivitou, pfijmu sacharidii, ddvek inzulinu a hladinou
glykémie a vyhledat tak pro n¢j problémové, ¢i potencionalné problémové, situace. Témi jsou
hypoglykémie, situace s vétSi krokovou zatézi a situace srychlym poklesem glykémie.
Zéaznamy lze libovolné listovat, vytisknout si je dle zvolené ¢asového intervalu ¢i stdhnout

(ve formé pdf. a csv.).
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Kvé
Aktivita [kroky/den] Hloubka spdnku @ Fyzickd aktivita Intenzita pohybu ® Insulin [IU]
Sacharidy [g] - Tepova frekvence

Obrazek 5- Grafovy vystup modulu Diabetes TS Diani (Zdroj: viastni)
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Glykemicke profily
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Obrazek 6 - Ukdazka analyzy "Glykemické profily" TS Diani (Zdroj: vlastni)
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5 Opvéfeni funkci telemedicinského systému Diani

Ovéfeni funkci a vlivu TS Diani na kompenzaci onemocnéni DM bylo realizovano
formou klinické studie a kazuistik, které prob&hly na 2. Interni klinice 2.LF Univerzity Karlovy
a FN Motol.

Zhodnoceni pfinosu Diani pro pacienta a vlivu telemedicinského systému na kompenzaci
diabetu shrnuje Publikace 5 (4 Telemedicine System Intervention for Patients With Type 1
Diabetes: Pilot Feasibility Crossover Intervention Study).

Vystupy z dlouhodobého pouzivani TS Diani v 1é¢bé diabetu u pacienta s diabetes
mellitus 1. typu byly publikovany formou kazuistiky v Publikaci 6 (Dlouhodobé vyuziti

telemonitorovaciho systému Diani v lécbé diabetes mellitus 1. typu).
5.1 Klinicka studie — studie proveditelnosti

5.1.1 Cil klinické studie

Hlavnim cilem studie bylo zhodnotit vliv pouzivani TS Diani na HbAlc a t&lesnou
hmotnost. Ugelem bylo identifikovat vyhody a omezeni systému z pohledu pacientt,
zejména pak zda systém pfispiva k jejich pocitu bezpeci, zda ma TS Diani pro pacienti
vzdélavaci ptinos v disledku pouzivéani systému a zda se pacient citi jistéjsi ve zvladani péce
o diabetes. Dil¢im tkolem bylo zjistit, jaké funkce systému pacient rad pouziva a které nikoliv
a divody k tomu vedouci. Paralelnim cilem bylo zjistit, jakym zpilisobem pacient jednotlivé
casti a funkce TS Diani pouzival (frekvence, délka pouzivani, pfistup k jednotlivym
funkcionalitam). V neposledni fadé€ byl zjisStovan vliv TS Diani vliv na zdravi a kvalitu Zivota
pacienta.

5.1.2  Metody klinické studie

Z etického hlediska je nezadouci randomizovat pacienty na zaklad€ toho, jaké zatizeni
maji pouZivat, je potieba vZdy zvazovat i zajem pacienta a jeho preference k urcité technologii.
Pokud je pacient na urc€ité zatizeni zvykly a vyhovuje mu a byl by v rdmci studie nucen pouZzivat
jiné zafizeni, které by mu nevyhovovalo, mohl by ho takovy pfistup 1 poskodit
(Chodankar, 2021; Muzik, 2022; Schneeweiss & Patorno, 2021).

Prakticky nelze provést ani zaslepenou studii, protoze je na prvni pohled evidentni,
zda pacient testovany systém pouzivd, ¢i ne. Pii ovéfovani vlivu telemedicinského systému
na kompenzaci onemocnéni nelze proto provadét klasickou randomizovanou studii,
nybrz takzvanou real-world-evidence (RWE), pfi niz jsme se snazili dodrzet co nejvice

moznych prvkl z RCT studie (Chodankar, 2021; Saturni et al., 2014).
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5.1.2.1 Vystupy studie
Primarni vystupy:
e HBAIc

e Hmotnost pacienta

Sekundérni hodnoceni:
e Pacientsky dotaznik — dotaznik zjist'ujici charakteristiku pacienta, vytvoreny
na pracovisti
e WHOQOL-BREF — standardizovany dotaznik WHO pro urceni kvality Zivota
e Produktovy dotaznik — dotaznik na hodnoceni pouzivani TS Diani intervencni
skupinou, vytvofeny na pracovisti s cilem urcit slabé i silné stranky systému

e Analyza pouzivani TS Diani — pomoci trasujici aplikace Matomo

5.1.2.2 Kritéria zarazeni do studie

Do studie byly zafazeni pacienti s onemocnénim diabetes mellitus 1. typu, starsi 18 let,
aplikujici inzulin inzulinovym perem, pouzivajici osobni glukometr. Vylu€ovacim kritériem
bylo t€hotenstvi, terapie inzulinovou pumpu a napt. nezpusobilost pouzivat TS Diani.
5.1.2.3 Sber dat

Studie trvala 24 tydnl (schéma je zobrazeno na Obrazku 7). Pacienti byly nahodné
rozdéleni do 2 skupiny — skupina A a skupina B. Pacienti ve skupiné¢ A pouzivali TS Diani
po dobu prvnich 12 tydnt, pacienti ve skupin¢ B po tuto dobu aplikovali jejich bézny rezim
self-managementu diabetu. Po 12 tydnech se aktivita pacientli zménila, pacienti ve skupiné¢ B
pouzivali TS Diani a pacienti ze skupiny A nasledovali sviij obvykly self-management opét
po dobu 12 tydnd.
5.1.2.4 Pouzité analyticke metody

Primérnim cilem bylo identifikovat potenciondlni zménu HbAlc a télesné hmotnosti
pacienti po intervenci a na konci studie na zvolené hladin¢ vyznamnosti 0,05. Dal$im cilem
bylo na stejné urovni vyznamnosti identifikovat potencidlni zménu v kvalité¢ Zzivota
po intervenci a na konci studie. Pro tento ti¢el byla pouZita regresni analyza, metoda lineérnich
smiSenych efekti (LME) a neparametrické testy (Wilcoxoniv a Friedmanav).
U nestandardizovanych otazek byly odpovédi kategorizovany a kddovany do ¢iselnych hodnot

a nasledné analyzovany metodami zékladni popisné statistické analyzy.
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5.1.3 Vysledky a diskuse klinické studie

Do studie se zapojilo 10 pacientl, 5 Zen a 5 muzi. Primérny vék ucastnikil
byl 47,7 (SD 19,3) let, primér délky zivota s diabetem byl 10,5 (SD 8,6) let, primérné BMI
bylo 26,9 (SD 3,6) a primérna hmotnost pacienta 81,1 (SD 16,9) kg, a primérné HbAlc
bylo 59,5 (SD 6,7) mmol/mol. Pacienti stravili v priméru 18.6 (SD 6,8) minut pouzivanim
aplikace DDB denn¢.

Nejvyznamnéj$im vysledkem studie byl signifikantni pokles HbAlc, v priméru
0 4,35 mmol/mol (P=0,01), a zvySeni frekvence méteni glukdzy v krvi, v priméru se pacienti

mefili 1,8krat castéji (P=0,06) béhem intervence. Tento nartist byl pozorovan u 50 % ucastnika
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Obrazek 7 - Schéma klinické studie (Viasakova et al., 2023)
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a je interpretovan jako pozitivni efekt systému, kdy TS Diani umoziiuje pacientovi nahlizet
na data vice v detailu a v kontextu ¢innosti, coz je potencialné¢ motivuje ke zlepSeni métenych
dat.

Data z Pacientskych dotazniki poukazaly na kli€¢ovy problém u 90 % pacienti, kterym
je spravné uréeni mnozstvi sacharidii ve stravé. Piesto 60 % pacientli uvedlo, ze konzumuje
doporuc¢ené mnozstvi sacharidii ve své stravé. Vymezil se tak dalsi ukol — jak motivovat
pacienty, aby zjistovali spravné hodnoty o pfijatych sacharidech v potravé a vysvétlit jim,
ze dobie vyvazeny jidelnicek ma vliv na kompenzaci jejich pfipadnych problémi spojenych
s diabetem. ReSeni jsme nalezli v integraci funkce ,,SloZeni potravin“ piimo do DDB,
a to formou mobilni aplikace Kalorické Tabulky, na kterou se pacient dostane ptimym odkazem
v DDB).

U hodnoceni kvality zivota (WHOQOL-BREF dotaznik), indikovala trendova kiivka
zvySené hodnoceni ve vnimani kvality Zivota a zdravi. Bohuzel, kvtili nizkému poctu ucastnikt
studie, nelze vysledky povazovat za zcela spolehlivé.

Celkové byl systém Diani TS hodnocen (Produktovy dotaznik) pozitivné, pokud jde
o grafiku, funk¢énost a praktické vyuziti. VéEtSina Gcastnikid systém vnimala jako uZivatelsky
piivétivy, dobie strukturovany a motivujici. Ugastnici ocenili zpétnou vazbu poskytovanou
systtmem Diani TS, zejména tykajici se komplexnosti a uspotfadani sledovanych dat
predkladanych v redlném case. Pacienti uvedli, Ze na zdklad€ ucelenych informaci byli schopni
vnimat a porozumét vztahu mezi jednotlivymi sledovanymi hodnotami (fyzicka aktivita, piijem
sacharidii a velikost bolusu inzulinu). Systém umoznil pacientim prohloubit si znalosti
v problematice kolisani hladiny glukozy v krvi obecné. V disledku pouziti Diani TS pacienti
uvedli, Ze se citi bezpecné&ji a Ze pro né€ bylo snazsi opustit svou komfortni zéonu, naptiklad pii
cestovani a spani mimo své bydlisté. Eliminace stresovych situaci, jako jsou tyto, miiZe mit
pozitivni vliv na kvalitu Zivota pacienta. Na zaklad¢ subjektivniho hodnoceni byly
identifikovany dal$i navrhy na inovace systému.

Na zakladé systémovych logl (analyza z aplikace Matomo) nebyl provoz systému
pro pacienty ¢asové naro¢ny, coz byl divod, pro¢ byl TS Diani vniman uZivateli jako snadno
pouzitelny. Pacienti hodnotili pouzivani TS Diani jako diskrétni a nerusivé béhem béznych
dennich aktivit.

Limitujicim faktorem studie byl nizky pocet ticastnikt studie, kterymi se podobné studie
potykaji (Almurashi et al., 2023). Nasi snahou bylo snizit problémy s ndborem tim, Ze jsme
minimalizovali vstupni kritéria pro zafazeni Gcastnikli a motivovali ucastniky poskytnutim

spotifebniho materidlu po dobu ucasti ve studii a pfistupem k modernim technologiim.
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5.1.4  Zavér klinické studie

Studie proveditelnosti byla cennym prvnim krokem pro hodnoceni TS Diani. Pomohla
nam identifikovat vyhody i omezeni systému z pohledu uzivateli, zaznamenat jejich nazory
na provoz a pouzivani systému a posoudit, zda ma pouziti systému vliv na zdravi a kvalitu
zivota pacienta s DM. Na zdkladé ziskanych informaci byly identifikovany nové potieby
a pozadavky uzivatelli systému na systém, ze kterych byla odvozena doporuceni a navrhy
pro jeho dalsi vyvoj (napiiklad integrace kalorickych tabulek do aplikace DDB a implementace
bolusového kalkulatoru). Studie byla prvnim testem pro ovétreni funk¢nosti systému v realnych
podminkach a potvrdila, Ze TS Diani mtze byt pfinosem pro pacienty s diabetes mellitus I. typu
pfi zvladani jejich onemocnéni a ze jeho pouziti mize (alespont v kratkodobém horizontu)
zvysit z4jem a motivaci k dodrzovani 1ékatskych doporuceni. Na zaklad¢ vysledkt studie se
nam potvrdila stanovena hypotéza Ho, zZe pouzivani navrzené¢ho TS (Diani) snizuje hodnotu
glykovaného hemoglobinu o vice nez 1 %, HbAlc byl u ucastnikl studie nizsi po intervenci
o 7,3 %. Je potieba zjistit vice informaci o tom, co pacienty motivuje k dlouhodobému

pouzivani systému a jaky vliv na to ma osobnost pacienta.
5.2 Kazuistika
5.2.1 Cil kazuistiky

Cilem bylo zhodnotit pfinos Diani v dlouhodobé&j$im métitku pouzivani.
5.2.2 Metody kazuistiky

Pro posouzeni byl vybrdn pacient, ktery vté¢ dob& vyuzival TS Diani nejdéle
(témet 2 roky). Jednalo se o muZe narozené¢ho v roce 1990, s diagnostikovanym diabetes
mellitus I. typu v roce 1992, v dobé€ studie ve véku 25 let, hodnoceny jako non-complientni,
léceny inzulinovou pumpou. Primérnd hodnota HbAlc v obdobi 7 mésict pted zahijenim
intervence byla 80,7 (SD 2,49) mmol/mol. TS Diani vyuZzival 22 mé&sict v konfiguraci DDB,
glukometr, hodinky Pebble, webova aplikace Diani.
5.2.3 Vysledky a diskuse kazuistiky

Vysledky jsou zobrazeny v souhrnné Tabulce 2. Primérna hodnota HbAlc v dobé
intervence byla 65,7 (SD 7,36) mmol/l. Pokles primérné hodnoty HbAlc byl 15 mmol/mol,
rozdil mezi nejvyssi hodnotou HbAlc v obdobi 7 mésicl pied pouzitim systému a nejnizsi
hodnotou pfi jeho pouziti byl 28 mmol/mol. V pribéhu pouzivani systému hodnota HbAlc
nikdy nestoupla nad hodnotu vstupni. V prubéhu pouzivani TS Diani vyrazné stoupla frekvence
meéteni glykémii, pacient uvedl: ,,Ze méfeni mélo vétsi smysl“. Pacient hodnoti systém celkové

vysoce pozitivné, naroky spojené se zaSkolenim ani s jeho pouzivanim nepovazuje za naro¢né.
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Tabulka 2 - Hodnoty HbAlc, prumérné glykemie a pocet méreni/den v pribéhu pouzivani TS Diani — kazuistika
(Broz et al., 2020)

Datum (mésic/rok) 7/2014 | 10/2014 | 1/2015 | 3/2015 | 52015 | 9/2015 | 2/2016 | 4/2016 | 5/2016
HbA1lc (mmol/mol) 78 62 75 69 71 61 61 58 56
Pramérny pocet

hypoglyke mii/tyden* + 03+04|05+07 0 05+05[03+04|18+18(33+1,7|19+14([34+18
SD**

Primérna hodnota
glykemie = SD (mmol/l)***
Pocet méreni glykemie na
den****

13+49[10,1 £4,6| 94+47[105+48|119+66|92+45|97+51|91+46]9,1+44

2 1,1 04 1,6 2,5 32 42 34 2,6

*Hodnoceny jsou pouze hypoglykemie potvrzené méfenim glukometrem
**SD = smérodatna odchylka
***Primérna hodnota ze v§ech namétenych glykemii od zacatku pouzivani systému v obdobich mezi jednotlivymi odbéry HbAlc

**4% Pocet méfeni glykemii/den od zacatku pouzivani systému v obdobich mezi jednotlivymi odbéry HbAlc

Jednim z nejvyznamnéjSich faktorti ovliviiujici complianci pacienta k 1é¢bé jsou dobré
zdravotni vysledky (Hameed et al., 2019). Divody Spatné adherence k 1é€bé jsou nedostatecné
porozuméni  nemoci, slozitost klinického rezimu a  socioekonomicky  status
(Hameed et al., 2019). Zaroven existuje spojitost mezi uréitym osobnostnim typem pacienta a
jeho vysi adherence k 1écbé vcetné pro n¢j charakteristického piistupu k 1é€be€, potiebny
k dlouhodobé complianci 1é€ebnymi opatienimi (Sanchez-Urbano et al., 2021).

Lze se domnivat, Ze v ptfipadové studii pacientovi nad miru vyhovovala technicka
konfigurace systtmu (mél zdjem systém vyuzZivat 1 po wukonCeni intervenci),
ktera pravdépodobné vyhovovala jeho osobnostnimu typu. Pouzivani systému, zejména pak
predkladani souhrnu dat ve spojitostech, vedlo ke zvySeni edukace pacienta a tim spojené
compliance k nastavené lécbe, potazmo adherence k vyuzivani systému. Tu vyvozujeme
ze zvySovani ¢etnosti dennich méfeni a pozitivniho hodnoceni pouZzivani systému pacientem.
5.2.4 Zavér kazuistiky

Pouziti TS Diani pfineslo u pacienta vyrazné zlepSeni hodnot HbAlc. Uvedenym
divodem zlepsSeni (z pohledu oSetfujiciho I€kaie 1 pacienta) je moznost piesnéjsiho pohledu
na hodnoty glykemie ve vztahu k davkam inzulinu, mnozstvi sacharidd v jidle a fyzické
namahy. Pacient chce systém i nadéale vyuzivat. Pro dlouhodobé vyuziti TS Diani je dilezité

spravné nastaveni konfigurace typl pouzitych technologii individuélné dle potieby pacienta.
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6 Telemedicinsky systém Diani na miru pacienta

Z hodnoceni TS Diani pacienty v ramci klinické studie (Publikace 5) a kazuistiky
(Publikace 6) vyplynula dualezitost individudlni konfigurace systému dle preference daného
pacienta. Na tuto skute¢nost by mélo byt piihlizeno pfi nastavovani vhodné 1écby. Zpracovanim
navodu pro piifazeni spravné technologie na zéklad¢ individuélnich potfeb pacienta se zabyva
studie série kazuistik, realizovand na 2. Interni klinice 2.LF Univerzity Karlovy a FN Motol,
jejiz vysledky shrnuje Publikace 7 (Customizing the Types of Technologies Used by Patients
With Type 1 Diabetes Mellitus for Diabetes Treatment: Case Series on Patient Experience).

6.1 Série kazuistik

6.1.1 Cil série kazuistik

Cilem bylo analyzovat zplisob pouzivani rlznych kombinaci technologii
pro self-managmentu diabetu, zhodnotit vhodnost vybranych technickych zafizeni na zékladé
dat ziskanych prostiednictvim TS Diani, subjektivnich pociti a prohlaSeni pacienti,

jejich kazdodennich navyki a self-managmentu.

6.1.2 Metody série kazuistik

Na pocatku studie byl kazdy pacient podrobné instruovan védeckym pracovnikem o tom,
jak pouZzivat kazdou ¢ast systému. Pacienti méli moznost svobodné rozhodnout o tom, jak ¢asto
a jaké informace cht€ji do systému zaddvat. Rovnéz si mohli vybrat, ktera zafizeni chtéji
pouzivat.

Pied zaCatkem pouZivani systému a béhem monitorovaci faze absolvovali pacienti
rozhovory s lékafem a védeckym pracovnikem tykajici se jejich kazdodenniho rezimu,
dovednosti v oblasti technologii, Zivotnich preferenci a podobnych témat. Védecky pracovnik
sledoval zptisob, jakym pacienti zachdzeli s pfistroji a zaroven je poucil, jak danou technologii
spravné pouzivat. Béhem intervence védecky pracovnik monitoroval chovéani pacientd,
zejména pak zadavani a sbirani dat prostiednictvim webové aplikace Diani. Tyto typy
intervenci predstavovaly klicové piistupy k ziskani relevantnich zpétnych vazeb ohledné
pouzitelnosti systému.
6.1.2.1 Vystupy

e HbAIc
e Primérny pocet registrovanych dat do Diani

e Frekvence hypoglykémii
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6.1.2.2 Kriteria zarazeni

Do studie byly zatfazeni pacienti s onemocnénim diabetes mellitus I. typu, starsi 18 let,
ktefi pouzivali TS Diani po dobu nejméné 3 mésicu.
6.1.2.3 Sbher dat

Studie zahrnovala 6 pacientll — 3 muze a 3 Zeny s primérnym vékem 43 (SD 23) let,
se zkusenosti s pouzivanim TS Diani po dobu 3 mésicii (n=3), 6 méesici (n=1) nebo 4 let (n=2)
v riznych obdobich béhem poslednich 4 let. Piehled demografickych tidaja tcastniki studie je
v Tabulce 3. Data ziskand z TS zahrnovala hodnoty glykémie pienesené z ptipojeného
glukometru nebo CGM, pocet krok sumarizovanych do lminutovych intervald, piijem
sacharidt (v gramech) a davky inzulinu zaznamenané¢ manualné do propojené aplikace DDB

(Tabulka 4).

Tabulka 3 - Demografické udaje a zakladni charakteristika pacientii - série kazuistik (Holubova et al., 2019)

Patient # Gender Age (years) Type | diabetes mellitus  Current therapy  CGM? use experience for the last 1 year Duration of Diani

duration (years) regimen (patients’ subjective evaluation) system use
1 Female 45 5 MDI? Few times a year 3 months
2 Female 29 13 CSII® Full time 6 months
3 Female 24 19 CsIn Full time 4 years
4 Male 27 26 CsIn Few times a year 4 years
5 Male 45 4 MDI None 3 months
6 Male 87 36 MDI None 3 momhs|

3CGM: continuous glucose monitor.
PMDI: multiple daily injection.

€CSII: continuous subcutaneous insulin infusion.

6.1.2.4 Pouzité analytické metody

Pro charakteristiku souboru byly pouzity metody zakladni popisné statistiky.
Ziskané informace z intervence byly pro kazdého pacienta zpracovany formou piipadové
studie. Kazda ze 6 ptipadovych sérii popisuje, jak dany pacient zachazi s TS Diani
a jeho konkrétnimi komponentami na zéklad€ jeho Zivotniho stylu, tirovné vzdélani, zvyklosti
v fizeni diabetu, osobnostniho typu a dalSich faktort. Na konci kazdé kazuistiky je navrzena
nejlepsi sestava pristroji pro pacienty v s podobnymi individuélnimi potfebami.
6.1.3 Vysledky a diskuse série kazuistik

Neexistuje univerzalni nastroj pro self-management diabetu, ktery by pln€ uspokojoval
potteby kazdého konkrétniho pacienta. Abychom mohli poskytnout spravné rady ohledné
nejvhodnéjSiho zatfizeni pro konkrétniho pacienta, je zapotiebi specifickych informaci

o této osobe. Tyto informace zahrnuji zejména osobnost pacienta, jeho technické dovednosti,
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denni rezim, postoj k diabetu, ptekazky v self-managementu, preference ve vizualizaci dat
a funkcionalitach zatizeni, ochotu se uc¢it novym vécem a motivujici prostiedky, které by mu
pomohly efektivné pouzivat jakykoli systém dlouhodobg.

Z ptipadovych studii vyplynulo, ze fyzicky velmi aktivni pacient, ktery ma tendenci
skryvat nemoc pted vefejnosti, by mohl profitovat pouze z technologie, kterd by mu nebranila
v pohybu a nebyla viditelnd zvenku. Naopak existuji pacienti, ktefi nemaji problémy nosit
jakékoli zatizeni a jakéhokoli velikosti, pokud je systém spolehlivy a dostatecné piesny.

Nekteti pacienti by mohli profitovat z automatickych funkci nejmodernéjSich pump,
které pozastavuji podavani inzulinu nebo pracuji v hybridnim rezimu, coz jim umoziluje snizit
vyskyt hypoglykemii a opravovat chyby v davkovani, pro jiné pacienty by mohl byt tento
systém spiSe zatéZujici. Jsou to pacienti, ktefi potfebuji mit svoji davku pod kontrolou, nevéfi

systému a nemaji vili ¢ekat, az systém zareaguje na jejich zvyseni hladiny glukézy.

Tabulka 4 - Data obdrzena z trimésicni intervence TS Diani z klinické studie — série kazuistik (Holubova et al., 2019)

Patient # Number of days Average number of  Average number of  Average number of Average number of Average number of
with continuous self-measuredblood carbohydrate regis-  insulin registrations  physical activity registra- step counts per day”
glucose monitor glucose per day” trations per da}-'b per da},-'b tions per daj.-'b

1 18 44 55 41 147 14.367

2 72 5.9 36 38 0.34 9309

3 30 6.6 1.4 16 0.18 10.888

4 6 43 2.0 51 0.60 10.350

5 0 25 0 29 0.03 4299

6 0 32 0.6 0.4 0.05 _c

*Measured values automatically transferred to a connected mobile app.
"Data manually registered to the diabetes diary mobile app.
*Missing data.

6.1.4 Zavér série kazuistik

Tato prace mize poskytnout relevantni ndvod, jak pomoci konkrétnim pacientim vybrat
tu nejlepsi technologii, kterd jim nejpravdépodobnéji vyhovuje, na zdkladé konkrétnich
informaci o pacientovi, které jsme schopni ziskat.

Informace, které ziskavame o pacientovi, mohou pomoci pii hledani optimélni kombinace
technologii pro self-management diabetu. Kromé toho by odborny persondl mél byt obeznamen
s dostupnymi technologiemi, ze kterych si miize dany pacient vybirat. K dosazeni efektivniho

vyuziti zvolenych zatizeni je také zdsadni potieba odpovidajiciho vzdélavani pacientd.
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7 Diskuse a dalsi vyvoj telemedicinskeho systému Diani

Tato prace se vénuje vyzvam dlouhodobého pouziti telemedicinského systému
pro podporu [éCby pacienti s diabetem. Zabyva se vhodnym vybérem technologii
uplatnitelnych v TS, pii kterém reflektuje pozadavky a preference pacientli, a pfitom hledi
na kvalitu a dlouhodobou vyuzitelnost vybranych periférii. Zjistuje klinicky dopad pouzivani
systému na pacienta, véetn¢ identifikace zkuSenosti a potieb pacienti, které kladou na pouziti
telemedicinského systému. Na zéklad¢ zjisténych informaci navrhuje a realizuje upravy
systému s cilem zvyseni efektivity systému a jeho dlouhodobého uplatnéni pii kompenzaci
onemocnéni diabetes mellitus. Prace se zaméiuje na hledani spojitosti zkoumanych parametrt,
pouzité technologie a typu pacienta na miru ucinku na kompenzaci diabetu. Analyzované
informace nasledné uplatituje v sestaveni navodu pro optimalni konfiguraci pfipojitelnych
periférii telemedicinského systému dle individualnich pozadavki pacienta.

Tato kapitola ddle rozvaddi a diskutuje jednotlivd témata a popisuje potencial
pro dal$i rozvoj a omezeni systému. Piedstavuje také vyhled do budoucna o dalsim vyvoji

a uplatnéni systému.

7.1  Shrnuti a diskuse vysledkl prace

Na zaklad¢ literarnich reSerSi a prizkumu trhu byly zpracovany moznosti a prehledy
zafizenich integrovatelnych do modulu Diabetes telemedicinského systému Diani.
Publikace 1 zjistuje potencialitu vyuziti wearables v TS. Studie zafazené do analyzy byly
velmi heterogenni a zamétuji se na objektivné méfitelné parametry, které poukazuji na pozitivni
vliv nositelné technologie na rizikové faktory metabolickych onemocnéni, a tedy jejich mozny
potencial pii podpote 1é€by onemocnéni diabetes mellitus. Chybi zde ale subjektivni posouzeni
zkuSenosti pacientll. Vysledky analyzy ptispély k integraci technologii tohoto typu do modulu
Diabetes TS Diani a ke specifikaci ukolti ovéfovaci studie. Velkou vyhodou wearables je,
Ze poskytuji objektivni a kontinudlni data z béZného Zivota pacienta (a tedy pro né€j béznych
podminek).

PrestoZze je souvislost mezi vydajem fyzické aktivity a glykémii vSeobecné znama,
lze ji obtizné kvantifikovat (Kamei et al., 2022; Ozaslan et al., 2020). Stale chybi studie
zabyvajici se podrobné vlivem wearables na komplikace diabetu a se zaméfenim na DM?2.
Diilezité je také zaméieni na hodnoceni kombinace ziskanych dat z wearables a klinickych test
(napt. vysledky laboratornich testil). Neprobadany je dosud vliv wearables na prevenci vzniku

DM2 (Rodriguez-Leon et al., 2021). Nositelnd technologie ma tedy i do budoucna velky
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potencial v oblasti TS. Nasv€dCuji tomu i trendy vyvoje smérem od chytrych hodinek
k chytrym odévim, kdy sensor je soucdsti samotného textilu oble¢eni (Heintzman, 2016).

Zéklad selfmanagementu diabetu stoji na meéfeni glykémie. Pouziti glukometru je
pro pacienty s diabetes mellitus II. typu stale jedinou moznosti pro stanoveni glykémie hrazené
z veiejného zdravotniho pojisténi v CR. Publikace 2 se zabyva vybérem vhodného glukometru,
pouzitelného pro TS. Na zaklad¢ vicekriteridlniho hodnoceni byl vybran glukometr umoziujici
sdileni dat pfes rozhrani Bluetooth s chytrym mobilnim telefonem, ve své dob¢ byl jediny
dostupny na ceském trhu. S vyuzitim RZPRO byla analyza v roce 2022 aktualizovéna
a doplnéna o dalsich 11 glukometri vyhovujicich k pouziti v TS Diani. Technologicky rozvoj
glukometra jde tak v souladu s rozvojem trendu IoT, respektive IoMT (internet of medical
things), kdy se klade diiraz na sdileni dat v redlném case na cloud, a propojeni dat z riiznych
ptistrojit (AlShorman et al., 2020; Byrne, 2019; Kumari et al., 2022).

Na zékladé namérené glykémie si pacient upravuje davku inzulinu, pfipadné kalibruje
CGM nebo FGM, dilezitym faktorem je tedy piesnost systému. Piesnosti glukometru se zabyva
Publikace 3, kterd komentuje, v té€ dob€ nové vydanou, verzi mezindrodni normy ISO 15197.
Norma zpfisiiuje stanovené minimalni pozadavky na ptfesnost glukometra s cilem zajiSténi
kvalitnich vysledkli i v podminkdch bézného zivota pacienta (mimo zkusSebni laboratof).
Disertacni prace shrnuje i pozadavky kladené na presnost systému pro kontinualni monitoraci
glykémie, kdy na rozdil od glukometrti, zde chybi pfislusna ISO norma, ktera by byla analogii
normy ISO 15197. Minimdlni pozadavky na piesnost jsou tak stanoveny pouze FDA a jsou
mirnéjsi, nez pozadavky normy ISO 15197. Divodem chybéjici ustanoveni referencniho
systétmu. Aktudln€¢ tuto problematiku te$i pracovni skupina spolecnosti IFCC-SD,
jejimz vystupem by méla byt mezinarodni norma stanovujici minimalni poZadavky na ptesnost
CGM a FGM vcetné vytvoreni metrologické navaznosti kalibrace k referen¢ni metodé
(Friedecky & Kratochvila, 2023; Freckmann et al., 2019).

Unikatnost propojeni jednotlivych komponent a jedine¢né funkce systému vytvari
origindlni technické feseni, které¢ chranéno formou UZitného vzoru. Prakticky popis funkci TS
Diani shrnuje Publikace 4. TS Diani integruje rtizné typy technologii s napojenim
na dohledovy pult. V Diabetickém modulu jsou to glukometr, CGM/FGM, mobilni aplikace
diabetického diafe a data z inzulinové pumpy. Data z téchto periférii analyzuje a predklada je
uzivateli v jednoduché, piehledné formé grafi nebo tabulek.

Védecké clanky orientované na vyvoj telemedicinského systému pro 1é¢bu diabetu
se zabyvaji zejména intervenci formou webové nebo mobilni aplikaci s cilem zménit navyky

uzivatell, popfipadé je motivovat a nastavovat denni/tydenni cile, pfipominaji méfeni
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glykémie, popiipad¢ nabizeji rady v jidelnicku, nedavaji ale do souvislosti data meéfend
wearables, glukometrem, CGM/FGM, dédvek sacharidi a inzulinu (popfipadé antidiabetik).
dalSim typem jsou TS s intervenci formou SMS zprav nebo telefonnich hovora (Aberer et al.,
2021; Byrne, 2019; Cole et al.,, 2023; Dhediya et al., 2023; Eberle & Stichling, 2021;
Tchero et al, 2021). Samostatné se zjiStuje vliv wearables na kompenzaci diabetu
(Ozaslan et al., 2020; Rodriguez-Leon et al., 2021). Je jen velmi malo védeckych studii,
které popisuji TS na podobné bazi jako je Diani (Schwartz et al., 2018). Jejich limitem je
omezeny vybér typu zafizeni a sdileni dat v redlném cCase. Potykaji se vSak se podobnymi
problémy, kterymi jsou zejména piistup ke zdrojovym datim v redlném case a interoperabilita
pristroji. Existuji jesté komercni aplikace, které sdruzuji data z vicero typl zafizeni
(AlShorman et al., 2020; Glooko, 2023), limitem téchto aplikaci je, Ze integruji pouze vybrané
vyrobce a jejich produkty. Jejich pouziti je tedy vazano na urcity produkt a vyrobce, ktery
nemusi vyhovovat kazdému pacientovi a nezohlediiuje osobni preference pacienta. Komer¢ni
systémy funguji na systému loMT, kdy se data ukladaji na cloud, dilezity je ale také ptimy
ptistup ke zdrojovym datim ze zafizeni. Tato moznost by rozSifila mozZnosti analyzy a
zpracovani dat (AlShorman et al., 2020; Byrne, 2019; Dhediya et al., 2023;
Ioppolo et al., 2020). Spole¢nym problémem telemedicinskych systém je interoperabilita, a to
jak u jednotlivych typt zatizeni, tak mezi TS a 1ékafskym informacnim systémem. Progresem
je definovani pozadavku FDA na interoperabilitu CGM/FGM a inzulinovych pump
(Renard, 2020), které by mohlo casteCné tento problém vyfeSit. Lze pifedpokladat,
7e z interoperability zafizeni, budou tézit predevSim pacienti, ktefi si budou moci vybrat
takovou konfiguraci technického feSeni, ktera jim co nejvice vyhovuje. Sdileni naméfenych
hodnot ve vhodné formé piimo do karty pacienta ziistdva stile velkou vyzvou systémul
zdravotni péce (PAHO, 2016).

Ovéfeni funkci TS Diani bylo realizovano formou klinické studie a kazuistiky. Vysledky
ze studie proveditelnosti uvedené v Publikaci S prokazaly pozitivni vliv pouzivani TS Diani
na glykovany hemoglobin pacienta a zvySeni Cetnosti méfeni glykémie pifi selfmanagementu
diabetu. V ramci studie pacienti hodnotili pouzivani TS Diani, byly tak identifikovany pozitiva
a dalsi vyzvy pro vyvoj systému. Celkové byl systém Diani uZivateli pozitivné hodnocen,
zejmeéna pak zpétna vazba poskytovana TS Diani, kterd nabizi piehlednou analyzu a souhrn
méfenych dat. Porovnani vysledkli studie proveditelnosti s vystupy obdobnych studii
je obtizné, protoze se lisi v ndvrhu studie, variabilité pacientd a v druhu pouzité technologie
(Dhediya et al., 2023; Taloyan et al., 2021). Porovnavané studie mély podobné vysledky,
co se tyCe pozitivniho vlivu na HbA1 (Eberle & Stichling, 2021; Taloyan et al., 2021;
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Storch et al., 2019) a neprikazny vliv na kvalitu zivota pacienta (Faruque et al., 2017).
Vysledky vSak nelze pfesné porovnat z dlivodu rozmanitosti sbéru dat a vyhodnocovanych
informaci.

Zhodnoceni dlouhodobého vlivu TS Diani na kompenzaci onemocnéni diabetes mellitus
shrnuje Publikace 6. Jedna se o pfipadovou studii non-complientniho pacienta s DMI,
ktery vyuzival TS Diani 22 mésict, jez u néj vedlo k vyraznému zlepSeni hodnot HbAlc.
Dtivodem zlepSeni bylo hlubsi uvédomeéni si vztahu mezi vyvojem glykémie v kontextu davek
inzulinu, mnozstvi sacharidii v jidle a fyzické namahy. Pochopeni spojitosti v souladu se
zpétnou vazbou TS Diani na méfené parametry déavalo pacientovi veEtSi motivaci
k odpovédnéjsimu managementu diabetu. Vysledky studie Ize s ohledem na specifitu TS Diani
tézko porovnavat. Podobné¢ zameétené projekty poukazuji, Ze pro dlouhodobou adherenci
pacienta k pouzivani systému a dosazeni pozitivniho vlivu na kompenzaci jeho onemocnéni je
potieba souhry nékolika faktorti (Burda, 2022; De Groot et al., 2021; Hameed et al., 2019).
Témi jsou pozitivni dopad na zdravi pacienta, prohloubeni edukace pacienta a reflektovani
individudlnich  pozadavki a  pfistupu  pacienta k  managementu  diabetu
(Sanchez-Urbano et al., 2021; Vaishnavi & Kumar, 2021), coz potvrzuji i vysledky kazuistiky,
studie se ale 1isi typem a délkou intervence.

Poslednim zkoumanym faktorem — individualnim pfistupem k pacientovi pii vybéru
vhodné technologie se zabyvala studie série kazuistik, jejiz vysledky shrnuje Publikace 7.
Analyza zaklada na sérii kazuistik, kdy je zjiStovana vhodnost vybranych technickych zatizeni
pro management diabetu. S vyuzitim dat ziskanych prostiednictvim TS Diani, subjektivnich
pocitl a rozhovort s pacienty ohledné jejich Zivotnich ndvycich a zptisobech selfmanagementu
diabetu je sestaven navod pro optimalni konfiguraci pfistrojii pro pacienta, ktery reflektuje jeho
potieby, poZadavky a postoje k managementu diabetu. Vysledky analyzy poukazuji,
Ze neexistuje jedno idedlni feSeni pro vSechny pacienty. Pro optimalni doporuceni typu zafizeni,
nejvhodnéjsi pro konkrétniho pacienta, jsou vyZzadovany blizsi informace o osobnosti pacienta,
jeho technickych dovednostech, dennim reZimu, jeho postoji k diabetu, piekdzky
v managementu, preference ve vizualizaci dat a funkce zafizeni, ochota ucit se novym vécem
a motivacni prostfedky, které by mu mohly pomoci pouzivat jakykoliv systém efektivné
a dlouhodobg.

Vliv osobnostniho typu pacienta na adherenci k ur€itému typu lécby potvrzuji 1 jiné
studie, které ale nedavaji tento parametr do souvislosti s vyuzitim telemedicinského systému,

nebo urcitym typem technologie (Sanchez-Urbano et al., 2021; Vaishnavi & Kumar, 2021).

55



Stejné tak je diskutovana mira snesitelné 1é¢ebné zatéze pro dlouhodobou compliance k 1é¢bé,
ktera neni jasné stanovena smérem k vyuziti telemedicinskych systémi (Tran et al., 2020).

Provedené studie poukazuji na potiebu personalizace sytému jeSté pred jeho prvnim
pouzitim tak, aby odpovidalo osobnim preferencim pacienta a jeho poziti bylo v souladu
s jeho vnitinim pfesvédcenim (Polonsky&Fisher, 2015), respektovalo duSevni schopnosti
a miru lécebné zatéze, kterou je ochotny managementu diabetu vénovat a zarovei prohlubovalo
jeho dosavadni chapani 1écby diabetu. Ukazuje se potfeba hlubsiho zkouméani jednotlivych
faktordi na dlouhodobou complianci pacienta k 1écbé, zvlasté pak k pouziti telemedicinskych
systémul.

7.2 PokraCovani vyvoje

Vlivem osobnostniho typu pacienta na management diabetu se zaméfenim na vyuziti
technologii se v souc¢asné dob¢ zabyva klinicka studie, ktera probihd na Klinice diabetologie
v Institutu klinické a experimentalni mediciny.

Cilem studie je vytvofeni metodiky pro optimalizaci pouZivanych technologii na miru
pacienta s diabetem, na zadklad¢ monitorace jeho behaviordlnich a fyziologickych dat. Do studie
jsou zapojeni pacienti s diabetes mellitus, star$i 18 let s intenzivnim inzulinovym rezimem.
Na zéklad¢ informaci z polostrukturovaného osobniho rozhovoru, jehoZ soucasti je i dotaznik
na urceni typologie osobnosti, jsou prozkoumévany a definovdny problematické situace,
se kterymi se pacienti nejéastéji setkavaji. Ukolem je uréit diivody vzniku téchto situaci
z pohledu technického a z pohledu osobnostniho a s ohledem na vySe zkoumané faktory
vytvofit metodiku pro optimalizaci pouzivanych technologii na miru pacienta.

Vramci studie je pacientovi navrzena konfigurace technologii, kterd koresponduje
s jeho individualnimi pozadavky, a kterd mize zahrnovat pro pacienta i novy typ pouZzivané
technologie. ZaleZi nasledné na pacientovi, zda a do jaké miry chce navrZzenou konfiguraci
zafizeni pouzit. V piipad¢ intervence jsou hodnocenymi vystupy HbAlc, evaluace systému
pacientem, pocet a frekvence registrovanych dat, délka setrvani v intervenci. Do sou€asné doby
(listopad 2023) se do studie zapojilo 75 pacientti.

Nasim cilem je zaroven uplatnitelnost TS Diani v redlné praxi. V ramci Operac¢niho
programu Ministerstva primyslu a obchodu — Podnikéni a inovace pro konkurenceschopnost
(CZ.01.1.02/0.0/0.0/21 _374/0026762), byl formou klinické studie TS Diani implementovan
do realného provozu. Integrace spocivala v propojeni Diani s lazeiiskym informacnim
systémem, kdy z kontinudlnich a okamzitych sensorti glykémie (Dexcom G6, Libre a Libre 2)

byla data pomoci datového mostu pfenaSena piimo do karty pacienta, a to v realném case.
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Studie probihala Lazeniské 1éCebné Manes, trvala 6 mésict a zapojilo se do ni 93 détskych
pacientl s diabetes mellitus 1. typu v ramci svého mési¢niho ozdravného pobytu.

Zarazovacim kritériem bylo vyuzivani CGM od spole¢nosti DexCom, Inc., nebo FGM
spolecnosti Abbott Laboratories, vék pacienta v rozmezi 2—17 let a sdileni naméfenych dat
z chytrého mobilniho telefonu pomoci internetu se serverem Diani. Celkem dokoncilo studii 83
pacientll, nejcastéjSim divodem pro odstoupeni pacienta ze studie byl predcasné ukonceny
pobyt v Lazeiniské 1écebné Manes, popiipadé rozbity chytry telefon.

Pacienti bez doprovodu rodici byli tak vzdalené monitorovani zdravotnickym
persondlem. Tuto moznost kladn¢ hodnotil jak zdravotnicky personal, ktery nemusel chodit déti
v noci osobn¢ pfemétovat (1x — 2x za noc), tak rodice, ktefi citili vétsi pocit bezpeci pro své
déti. Naopak u nékterych pacientt i rodicti byla ob¢as nezddouci moznost ptistupu zdravotniho
persondlu k 24 h zaznamu glykémie, toto byl také jeden z Castych divodi odmitnuti Gi¢asti ve
studii zejména u pacientli s doprovodem nebo u pacientil v dospivajicim veku.

Zdravotnicky personal hodnotil napojeni CGM a FGM do lazeiiského informacéniho
systému a pfistup k datim v karté pacienta velmi pozitivné a rdd by toto feSeni vyuzival
1 po skoceni studie.

Z integrace dat mefenych pii selfmonitoringu diabetu piimo do karty pacienta tézil jak
zdravotnicky personal, ktery mél k dispozici 24h zaznam ktivky glykémie pacienta a mohl tak
1épe stanovit 1écebny plan a ktery zaroven mohl vzdalen€ monitorovat hladinu glykémie déti a
reagovat na ptipadny vyskyt hypo/hyper glykémii, tak samotni pacienti, jimz se zvysila kvalita
a dostupnost péfe. Limitujicim faktorem bylo slabé, kolisavé internetové piipojeni v misté
1écebny, které bylo castecné kompenzovano moznosti pfipojeni pacienta na Wifi v lazeiiskych
domech. Kolisavé internetové ptipojeni bylo pfi¢inou kratkodobych vypadk métenych dat,
které v§ak nemélo vliv na analyzu téchto dat.

Vyzvou do budoucna je rozsifit typy integrovatelnych zafizeni do TS Diani,
ze kterych lze vycitat data v realném Case, pokroCovat v rozvijeni moznosti integrace dat pfimo
do karty pacienta a prohloubeni moznosti analyz jednotlivych dat. Déle zjistit miru vlivu typu
osobnosti na complianci k urc¢itému zpisobu 1écby diabetu véetné preference typu pouzitych
technologii a na jeho zéklad¢ vypracovat podrobnou metodiku, pro vybér vhodné technologie

na miru konkrétniho pacienta.
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8 Zavér

Tato disertaéni prace se zabyvd vyzkumem dlouhodobého vyuziti telemedicinskych
prostfedkll pro monitorovani pacientd s onemocnénim diabetes mellitus pfi vyuziti bézné
dostupnych technologii integrovanych do jednoho telemedicinského systému — Diani,
ktery ziskana namétena data pripojenych periférii agreguje, analyzuje a v jednoduché podobé¢
predklada pacientovi a jeho oSetfujicimu lékafi. Vyzkum TS Diani zapocal v 2009 je neustale
védeckou skupinou rozvijen, v roce 2020 byl modul Diabetes TS Diani zapsan uzitnym vzorem
na UPV. Navrhovany systém zahrnuje vyéitani informaci ohlednd zakladnich faktori
ovliviiujici kompenzaci onemocnéni diabetes mellitus I. a II. typu v redlném case, o piedkladani
téchto dat pacientovi a Iékafi v souhrnnych, ptfehlednych a srozumitelnych analyzach,
a o napojeni na dohledové centrum, které by v ptipadé nezddouci udalosti bylo schopné situaci

Na zaklad¢ literarnich reSersi byly vytypovany technologie s potencidlnim pozitivnim
vlivem na kompenzaci diabetu a na zakladé prizkumu trhu a multikriteridlni analyzy byly
vybrany konkrétni vyrobky do TS Diani. Na zaklad¢€ klinickych studii byl prokadzan pozitivni
vliv Diani na kompenzaci onemocnéni diabetes mellitus 1. typu a jeho potencialni osobni piinos
pro pacienta. Byly identifikovany mozné spojitosti zkoumanych parametrii, jehoz vysledkem
je modularita pfisluSenstvi a funkci na zéklad¢ individudlnich pozadavki pacienta tak, aby TS
Diani co nejvice reflektoval poZadavky pacienta a stal se tak efektivnim, dlouhodobym
nastrojem na podporu kompenzace pacientt s diabetem I. a II. typu.

Modularita systému vychdzi z vypracovaného navodu zaméfeného na optimalizaci
pouzivanych technologii na miru konkrétniho pacienta. Je tak reakci na problematickd mista,
definovana odbornymi spolecnostmi a nadnarodnimi autoritami ve zpravach a zaroven vychazi
ze zaveéru literarnich reSer§$i zaméfenych na implementaci a dlouhodobé vyuziti
telemedicinskych systéml pro podporu lécby chronickych pacientl. Inovativni mySlenou je
personalizace systému jeSt¢ pfed jeho prvnim pouzitim. V tomto sméru je velkou,
dosud neprobadanou vyzvou stanoveni vlivu typu osobnosti na complianci pacienta k ur¢itému
zpusobu 1é¢by a typu technologii.

Utinny a dlouhodobé pouZitelny TS v praxi, vyzaduje neustaly vyvoj a idrzbu. Posledni
desetileti bylo projevem rychlého vyvoje novych technologii jak v oblasti méteni glykémie,
aplikace inzulinu, tak v oblasti wearables, zpiisobu pfenosu a ukladani informaci a celkovych
zmén ve spoleCnosti k pfistupu a dostupnosti chytrych technologii. Lze ptedpokléadat,

ze tento trend bude déle pokracovat, podminkou §ir§iho vyuziti funkci jednotlivych technologii
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je jejich interoperabilita, kterd je v soucasné dobé¢ limitujicim faktorem pfi sdileni dat v redlném
¢ase do TS Diani. Dalsi vyzvu piedstavuje integrace dat pfimo do karty pacienta v Iékarském
informacnim systému. Nastolenym tkolem je zmény vcas predvidat, zaznamenat a reagovat

na n¢ pripravou na implementaci novych zafizeni v souladu se zjiStovanim a vytvaienim

novych védeckych poznatkii.
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Abstract

Background: The insufficient physical activity together
with other factors causes the overweight, high blood pres-
sure, and diabetes mellitus. The use of pedometers has a
positive influence on increasing of physical activity and de-
creasing of the body weight. The Activity tracker brings a
new challenge for the assessment of physical activity. They
are most popular among the users, because they offer more
functionalities than standard pedometers.
Objectives:The aim of this study was to identify the im-
pact of activity tracker using on the factors of the metabolic
syndrome (complex of risk factors which occur often to-
gether and are likely to arise on the basis of insuline resis-
tance).

Methods: Totally 172 English written articles published
before June 2016 were found by searching in the Web of
Science database. Six trials have met the defined criterias.
The positive influence of activity tracker on metabolic syn-
drome factors was proved by five trials.
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Introduction

Current status

The World Health Organization reports 38 million
deaths of total 56 million were caused by noncommuni-
cable diseases such as cardiovascular diseases, cancer, dia-
betes, chronic respiratory diseases and others in 2012 [2].
31 % deaths from noncommunicable diseases are a con-
sequence of cardiovascular diseases (11 % deaths from
the cardiovascular diseases are a consequences of high
blood glucose) and 3 % deaths from the noncommuni-
cable diseases are due to diabetes. One of three adults
had overweight and every tenth person was obese in 2014.
The prevalence of diabetes mellitus is 8,5 % [1]. Most
of the noncommunicable diseases i3 the result of four

Results: The results of three studies point to significant
decreasing of participant weights. Next study showed de-
crease in participant waist circumference and results of
other studies pointed to reduction of risk in development
of type 2 diabetes.

Conclusion: Results of these studies have indicated that
the activity tracker has a positive influence on the high
risk factors of metabolic syndrome. But the effect of using
the activity tracker is ambiguous, hence there is a need
of more high-quality random researches for assessment of
these influences.

Keywords

Activity tracker; Electronic activity monitor system, Phys-
ical acitivity; Metabolic syndrome; Self~monitoring

IJBH 2016; 4(2):42-45
received: July 15, 2016
accepted: August 15, 2016
published: September 20, 2016

specilic bechavior (usc of tobacco, low physical activity,
unhealthy diet and harmful alcohol consumption). It
leads to four key metabolic changes (high blood pressure,
overweight fobesity, higher blood glicose level and higher
cholesterol) [2]. The insulin resistance, abdominal obesity,
hypertension and hyperglycemia with atherogenic dyslipi-
demia form the basic component of metabolic syndrome
(MS} [3]. Healthy dictary habits, regular physical activ-
ity and normal body weight lead to prevention of risk
factors [2].

The pedometers were used for measuring of physical
(non)activity in recent years. Results of the studies in-
dicate that using of pedometer can motivate users to in-
crease physical activity, consequently decrease their body
weight [4]. The applicable form of feedback is necessary
for the right motivation as not always the pedometer inter-
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vention led to inereasing of physical activity. The feedback
must be adjusted to a characteristic of each patient. It is
important the user can understand it because it is the nee-
essary condition for changing his behavior and keep new
habits [5]. Pedometers are simple and available tool for
physical activity assessment. Information from pedome-
ter are easy to understand and easy to use for the users

which is good for their wide application [6]. It is neces-
sary to set up achievable goals in order to keep motivation
which could be changed based on actual measured data.
Pedometers offer information about number of steps but
nothing about motion intensity, frequency or duration of
the activity [7].

Activity tracker

Activity trackers have a big potential in this way. They
are more and more popular among users [9]. They of-
fer simple data gathering, fast feedback to user and data
sharing using computer or smart phone [8]. They pro-
vide more functionalities in comparison to pedometers —
the caloric consumption, measuring of the hearth rate or
quality of sleeping. Another option is providing of visual
back feedback during physical activity, verbal encourag-
ing and social comparing. Lewis [9] defined this device
as Electronic Activity Monitor System (EAMS) o
wireless device that objectively measures lifestyle PA and
can provide feedback, simultancously display the basic ac-
tivity informalion which awakens self-monitoring of user
activily behavior using device display or via application.

Objective of the study

The aim of this review was to identify the connection
between using of activity tracker and metabolic syndrome
risk factors.

Methods

The articles were identified using the electronic
database called Web of Science. Key words were fol-
lowing: ( “Fitness and tracker” or “Digital and tracker”
or “Activily and lracker” or “Wearable and tracker”
“Wearable and device” or “Wearable and Lechnology” or
“Pedometer” or “Self* and tracker”) and (“Metabolic dis-
ease syndrome”™ or “Metabolic risk faktors” or “Diabetes”
or “Ifigh pressure” or “Syndrom X* or “Metabolic syn-
drome” or “Insuline resistence” or “Cardiovesculor dis-
ease”). The searching was focused only on English writ-
ten full text articles which were published before June
2016. The study designs, systematic reviews and studies
with underage participants have not been included in this
study. The selection has been done in four steps — the
selection of duplicities and sorting by the title, abstract
and full text. The criterion was the activity tracker inter-

vention, or connection of pedometer with application or
computer with remote couching on metabolic syndrome

risk factors. The chosen studies has been compared after-
wards.

Results

The 172 studies were found based on of the selected key
words and 77 of them climinated in first two steps. The
full text were assessed in 95 trials. Big amount of trials in
the third step was due the intense research of the specific
EAMS using. The 86 studies were eliminated, because the
EAMS was used as monitoring of physical activity with-
out patient feedback, or beeause the study subject was of
other focus. Two studics were climinated duc Spanish full
text and one full text was impossible to find [10]. The six
studies were filtered and put on the review.

Characteristics of the studies

The chosen studies were very heterogeneous — in their
duration, number of participants, following parameters
and the way of intervention (Table 1). This is the rea-
son why it was very difficult to draw a comparison. The
longest study took 16 months [14], compared to the short-
est which was four weeks study [16]. Three studies had
much more than 200 participants [12, 13, 13], the average
number of the participants was 182 but with the standard
deviation (SD) equal to 178. The average number of par-
ticipants which finished the study was 70 % ( SD=25).
The overweight was the input parameter in three stud-
ies [13, 16, 14]. Two studies involved workers participat-
ing in a company prevention programs [12, 15] and one
study included only women who had gestational diabetes
in the past [11]. The objectively measurable data were
the results of five studies — it was a waist circumference,
body mass index (BMI), blood pressure, fasting plasma
glueose and 2-h glucose levels on a75-g oral glucose toler-
ance test and measuring of HBAle. One study used for
measuring a questioner assessing risk of developing type
2 diabetes mellitus for measuring - the Australian Type
2 Diabetes Risk Assessment Tool (AUSDRISK) [12]. The
participants were divided into three groups based on the
results from AUSDRISK
of developing type 2 diabetes within five years.

high, intermediate and low risk

The Qutcomes of the studies

The common objective of all selected studies was us-
ing of BAMS as an intervention tool with the main goal
to find out the effect on chosen metabolic syndrome risk
factors. Kim study [11] did not monitor any positive
influence on decreasing of metaholic syndrome factors.
But other studies monitored a positive influence. Rowe-
Roberts study [12] registered decreasing of AUSDRISK
score in 23 % of participants. And higher physical ac-
tivity was measured in the participants with high risk
of developing type 2 diabetes in comparison with other
groups — the median number of steps was 8588 whercas

©2016 EuroMISE s.r.o.
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the group of medinm risk (7836 steps) and the group of low
risk (7878 steps). Studies by Fukoa [13], Sepah [14] and
Richardson [16] measured significant decreasing in partic-
ipant body weights. The experiment of Freak-Poli [15]
measured decreasing in the waist circumference by 1.6 cm
(SD=5.9). The relationship among participants was com-
mon attribute in studies where participants came from
the company prevention programs [12, 15]. These stud-
ies did not include the individual target program nor the
structured behavioral program — in comparison with other
studics. Although both studics measured significant pos-
itive influcnce on the monitoring paramcters (decreasing
AUDRISK score and waist circumference). None of the
studies did not check the monitored parameters after the
intervention with the goal to find out an influence on the
metabolic syndrome risk factors in long term period.

Discussion

This systematic review summarizes the results of
EAMS intervention on the metabolic syndrome risk fac-
tors including only studies available in database Web of
Scicnce published before June 2016. The results indicate
the KEAMS could have a positive influence on the factors
of metabolic syndrome — it means on decreasing of risk
of developing type 2 diabetes, body weight and waist cir-
cumference decreasing. However the results aren’t unam-
biguous and more intense rescarches are needed.

Objectively measured data and subjective assessments
should be evalualing parameter of future studics, Partic-
ipants of the research should be able to use proactively
all the features that EAMS offers  including goals set
individually, understandable feedback and data sharing
among like-minded users. The studies showld focus on
the subsequent assessment of EAMS impact in long pe-
riod after intervention.

Limits of review

The big heterogeneity of chosen studies is the limit for
this review which caused difficultics in comparison and as-
sessment of the results. More preferable key words will be
needed to choose in future work (including of a word “ac-
celerometer”) and increasing in the number of searched
databases. Simultaneously it is necessary to choose a key
for comparing the quality of studics and their assessment
(determination of minimal study lenght, study type, num-
bor of participants who complete the study).
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Abstract

Background: The telemonitoring is more and more used
for compensation of diabetes in the last decade. Doctors
are able to get an accurate and reliable data in real time
using the telemonitoring. A remote monitoring affects the
attitudes and behavior of patients and potentially improves
their state of health. Conclusions of many studies show
additional clinical implications of telemonitoring. But it
has not been possible to generalize those conclusions yet.
Objectives: The aim of this study was to create an
overview of current glucometers available on the market.
And select those which would meet the required parame-
ters for using in the telemonitoring with automatic data
sharing.

Methods: The research is focused on researches from
technical and grey literature and on websites of producers
and medical device dealers. The questioning will be
carried out in the Czech and English language. Multi de-
cision making method helps to select a suitable glucometer.
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1 Introduction

The World Health Organization states in its report
[1] the 1.7% prevalence of diabetes mellitus disease for
the vear 2000 and predicts prevalence of 4.4% for the
year 2030. The data are worldwide and refer to all age
groups. The number of patients is expected to increase
from 171 million in the year 2000 to 366 million in 2030.
The WHO predicts rise in direct costs for treatment of di-
abetes from 2.5% of the annual national budget to 15% in

Conclusions: Fifty five glucometers from nineteen pro-
ducers have been found in the researches and by market
survey. The summary table with all important parameters
can be seen in the preview. Conclusions of the Multi deci-
sion making analysis showed using of Diamond Mini from
ForaCare Inc. producer which is the most suitable for the
project of the telemonitoring with automatic data sharing.
It is necessary to consider the safety of sending data, data
sharing and personal data protection before this glucome-
ter will be used in our project.

Keywords

Diabetes mellitus, telemonitoring, self management, glu-
cometer, smart phone

EJBI 2013; 9(3):22-27
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accepted: October 28, 2013
published: November 20, 2013

connection with inereasing number of diabetic patients.
Diabetic paticnts often suffer also from other discases
which results in decreasing quality of life together with
rising costs of provided health care.

The telemonitoring is more and more used for compen-
sation of diabetes in the last decade[2]. Dactors are able
to get an accurate and reliable data in real time using the
telemonitoring. A remote monitoring affects the attitudes
and behavior of patients and potentially improves their
state of health [3]. The telemonitoring has an incentive

EJBI — Volume 9 (2013), Issue 3
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and educational ellect for the patients [4]. Conclusions
of studies focused on the impact of telemonitoring show
additional clinical implications of telemonitoring. But it
has not been possible to generalize those conclusions yot
|5].

The telemonitoring is based on communication be-
tween sender and recipient in real time. This allows an
immediate reaction of the doctor to the patient's impulse.
The patient uses an interactive device which transmits
data via the Internet to the doctor for checking patient’s
biological parameters. Then the doctor evaluates this data
and makes decisions for the following steps [6]. Telemo-
nitoring and gathering the data must not bother patients
in terms of physical activity, time cte. Ideally this should
be completely automatic |4, 7, 8.

Smart phones with installed applications which con-
tain tools allowing the collection, evaluation and sending
data to a doctor can be used for aulomatic operations
[7, 9]. There are currently more than 137 mobile ap-
plications available for self-control of the diabetes [10].
The most important parameters are the level of glucose
in blood, the dose of insulin, the physical activity and the
diet |5]. The patient has to fill in manually most of these
parameters in his diabetic diary.

Qur goal is to create a telemonitoring system which
would measure the patient's data and send them to a
server as much as possible automatically. The goal is the
patient should do the same procedures in the treatment of
diabetes such as being without the use of telemonitoring.
[t should be possible to infer the influence of the telemo-
nitoring to the compensations of diabetes on the basis of
the feedback from patients and evaluation of their health
status. Hence it is necessary to select such a technical
device which allows automatic data sharing without addi-
tional burden for the patient

The aim of this study was to create an overview of
current. glucometers available on the market. And select
those which would meet the required parameters and sys-
tew of telemonitoring described above. Desired parame-
ters arc: detection of glucose in blood from 1.1 mmol/1 to
33.3 mmol/1 (it corresponds with 18 mg/dl to 594 mg/dl)
and possibility to share data with a smart phone.

2 Methods

The survey was focused on researches from technical
and grey literature and on websites of manufacturers and
medical device dealers. Search keywords were: a glu-
cometer, the measurcment of blood glucose, ketones mea-
surcment, measurement — diabetes, glucose monitoring,
regulation of glucose, glucose measurement, overview of
glucometers, evaluation of glucometers, tests of glucome-
ters. The questioning was carried out in the Czech and
English language. The search was particularly focused on
glucometers currently offered for sale. A summary table
has been ercated and filled in with found devices and their
parameters.

Entered parameters were:  designation of the glu-
comcter from the manufacturer; manufacturer; measuring
range; measuring time; amount of the blood sample; blood
draw location, glucometer memory size; weight; battery
life: the ability to share data with a computer and con-
nection specification; the ability to share data with smart
phone and again connection specifications. These param-
cters were obtained from glucometer manuals. The avail-
ability on the Czech market, the indicative price and a
link to the source are parameters stated in the comments.

The final product will be selected on the basis of a
Multi decision making method of selected glucometers.
This method is a simple and fast tool. Its conclusions
should be objective decisions if comparable items are cho-
sen. The eriteria weight calculation formula (1) [11] has
been used for assessment in this method. A represents
the criteria weight, f is a number of preferences and n is a
number of criteria.

i ol
nx(n

A= N (1)

3 Results

3.1 Glucometers Overview

Fifty five glicometers from 19 manufactnrers have
been found in the researches and by market survey. Their
list with all important parameters can be seen in the pre-
view in the table in attachment. All glucometers detect
level of glucose in the blood in the range from 1.1 to
33.3 mmol/l. Producers state that 42 devices arc able
to analyze the blood sample within 5 seconds, 11 devices
should analyze the sample up to 10 seconds, two blood
glucomneters Liave not got this parameter specified. The
memory size to store the measured data ranged from 99
to 4000 records. In some cases it is limited by memory
of a smart phone to which the glucometer is connected.
20% of the glucometers state the minimum quantity of
the blood sample of 0.3 pl, 22% states the quantity of 0.5
i, 25% of 0.6 pl. One device required 2 pl of the sam-
ple and another one has no information about the sample
quantity in its manual. The weight of the two glucometers
was less than 20 grams; the weight of almost 70 % glu-
cometers with battery was between 20 and 60 grams. 35
glucometers which represent more than 63 % of products
allow blood draw from alternatives locations. Ten devices
allow sampling from a thigh or a calf. Twenty models are
available on the Cyech market. Forty five devices have
possibility of conneetion to a computer. Thirteen prod-
ucts via a USB cable, two by bluctooth. Another two
glucometers is possible to connect via a special connector
(e.g. used in iPhones). There are only three models which
offer sharing data with smart phones
and two via a special counector.

Only three glucometers have met the primary param-
ctors — Diamond Mini a iDiamond form ForaCare Inc.
and 1BGStar glucometer from the producer Sanofi Aven-

one via bluetooth

(©2013 EuroMISE s.r.o.
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Table 1: Evaluation of parameters of selected glucometers.

Evaluated criteria.  Diamond Mini  iDiamond iBGStar
(&l 10 10 H
C2 10 0 0
C3 10 0 b
C4 10 5 5

tis. These were subsequently assessed by the multi deci-
sion making.

3.2 Selecting of Glucometer by Using the
Multi Decision Making

Evaluating parameters for Multi decision making arc:

¢ The availability of glucometer on the Czech market
(marked C1).

e Possibility to connect devices with a smart phone
via bluetooth (marked C2).

& An alternative sampling point of blood (marked C3).
e Equipped with a USB connector (marked C4).

Each parameter was rated from 1 to 10. Where num-
ber 10 is a maximum value, More satisfied parameters
more agsigned points, The Table 1 shows cvaluation of
parameters.

Criterion (2 — the possibility to connect devices with
a smart phone, gives 3 preferen The others received
one preference. The eriteria order was given. The criteria

weights were caleulated using the formula (1) [11]. Impor-
tance of cach criterion was taken into consideration in the
cvaluation of paramcters of sclected glucometers (Table
2).

Conclusions of the Multi decision making analysis
showed using of Diamond Mini from ForaCare Inc. pro-
ducer is the most suitable for our project. This device

gained more than double points in comparison with the
competitors (Table 3).

4 Conclusions

The aim of the study was to carry out an overview of
the currently awvailable glucometers on the market. Tt is
possible that not all glucometers were included in this the-
sis. Reason for leaving out some products is due to orien-
tation on the Czech or English speaking market. Another
reazson could be difference in search expression. 55 de-
vices from 19 producers were involved in the overview.
Only three products have met requirements for using in
the telemonitoring with automatic data sharing. Conclu-
sions of the Multi decision making analysis showed the
most universal and usable device which is Diamond Mini
from ForaCarc Ine. producer.

Before this glucometer will be used in this project, it

is necessary to consider the safety of sending data, data
sharing and personal data protection.

Acknowledgements

The paper has been supported by the SVV-2013-266
517 project of Charles University in Prague.

Table 2: Criteria preferences.

Table of preferences €1 C2 (3 C4  Numnber of preferences (f)  Hierarchy of criteria  Scale
Cl X 0 1 0 1 2 0.167
C2 1 x 1 1 3 1 0.500
C3 0 0 x 1 1 2 0.167
CA 1 0 0 X 1 2 0.167

Table 3; Weight calculation for each criterion of gelected glucometers.

Evaluation the eriteria  Scale  Diamond Mini  iDiamond  iBGStar
C1 0.167 1.67 1.70 0.83
2 0.500 5.00 0.00 0.00
C3 0.167 1.67 0.00 0.83
C4 0.167 1.67 0.83 0.83
Sum 10.00 2.50 2.50
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8. Soucasné poZadavky na prenosny glukometr

M. Oulicka, A. Holubova, J. Muzik, J. Broz

V roce 2013 Mezinarodni organizace pro normalizaci (International Organization for
Standardization) pfijala novou mezinarodni normu ISO 15197 (Pozadavky na systémy
monitorovani glykemie pro sebekontrolu pacientti s onemocnénim diabetes mellitus), ktera
zpiisiiuje kritéria pro glukometry uzivané pii self-monitoringu glykémii. Norma byla piijata do
soustavy ¢eskych technickych norem vydanim ve vdstniku Ufadu pro technickou normalizaci,
metrologii a statni zkusebnictvi. UZivani normy se fidi zdkonem ¢&. 22/1997 Sb. o technickych
pozadaveich na vyrobky a souvisejici ptedpisy.

8.1 Vychodiska normy
Norma vychazi predevSim z moZnosti, které pfinaseji technologie pro sledovani
pacientii a dale z doporuéeni odbornikii v oblasti diabetu. Jeji snahou je zlepsit piesnost
glukometrd i snadnost jejich pouziti.

Soucasné technologie piindseji fadu funkénich vylep$eni glukometri. Redukovala se
pravdépodobnost vyskytu chyb méfeni ze strany uZivatele pii self-monitoringu glykémie a
dosdhlo se sniZzeni bolesti provézejici odbér krevniho vzorku. Inovace se projevily i
v minimalizaci objemu krevniho vzorku potfebného pro méfeni, urychleni pribéhu testu,
zvy$eni tolerance glukometrli k teplotnim vykyviim a zejména sniZeni poZadavki pfistroji na
kodovani a kalibraci. Prodlouzila se Zivotnost a stalost €inidel a omezil se vliv objemu
Cervenych krvinek na pribéh méfeni (hematokrit).

Vyzkumy odbornych lekatt prokédzaly, ze komfortni a jednoduchy self-monitoring
pozitivné ovliviiuje ochotu pacientt pravidelné méfit glykémii. Vyrobei glukometril zaroveil
uvadéji, ze ¢etnost méfeni glykémie ovliviiuji u pacientt: financni naklady, snadnost ovladani
a bolest spojend s vlastnim méfenim.

8.1 Zakladni poZadavky na soucasné glukometry podle nové normy

8.1.1 Piesnost glukometri
Nepiesné zméfend hladina glykémie glukometry mize vést k chybam v mnozstvi
davkovani inzulinu. U asymptomatické hypoglykemie je pravidelny self-monitoring prakticky
jediny zptisob v€asného odhaleni poklesu hladiny glukozy v krvi. Pfedeviim divody vedly ke
zpfisnéni kritérii pro piesnost glukometrii. Nové museji glukometry spliiovat pfesnost i mimo
laboratorni podminky, zohlednily se tak b&zné okolnosti méfeni majici mozny vliv na vysledky
testu.

Pro pfijatelnost piesnosti glukometru byla stanovena dvé kritéria. Podle prvniho kritéria
musi 95 % vysledk spliiovat nasledujici podminku:



e Pfi koncentraci glukozy <5,55 mmol/l nesmi chyba mé&feni pfekrocit rozmezi £ 0,83
mmol/l.
e Pfi koncentraci glukdzy 25,55 mmol/l nesmi chyba méfeni pfesdhnout + 15 %.

Zvysil se tedy pozadavek na presnost méfeni glukometru u vysSich hodnot glykémic
(nad 5,5 mmol/l), mira pfipustné chyby s¢ snizila na £15 % (z pivodnich £20 % v pavodni
normé). Chybova tolerance je na 8kéale glykémie stanovena konstantni veliinou (+ 0,83
mmol/l) v hodnotach pod 5,5 mmol/l, nad nimi pak procentualné (£15 % ), dosud byla touto
hranici hodnota 4.2 mmol/l.

Druhé  kritérium  pfesnosti
systému pozaduje, aby 99 % vSech
nameéfenych hodnot spadalo do pdsma
A a B chybové mfizky (Consensus
Error Grid). Zbylé 1 % pak musi lezet
v jejich odlehlych hodnotach (v
pasmech C-E). Prvni vydani normy (z
r. 2003) obsahovalo pozadavek, aby
95 % vysledkll testl spadalo do
oblasti A nebo B; na zbylych 5 %
vysledki nebyla kladena Zadna

Consensus Error Grid

30,0

200

15,0

100 omezeni (mohly tedy lezet i mimo

oblasti definované miizkou. Obecné

Hodnoty naméfené glukometrem {mmol/l)

uzndvana chybova miizka (viz

obrazek) byla vytvofena na zakladé

- T oo w0 vysledkit prizkumu provedeném u

Referentni metoda (mmol/l) 100 endokrinologd vr. 1994 pii

vyro¢nim sjezdu Americké diabetologické asociace. Jednotlivé zony mfizky vymezuji miru

rizika, které pfedstavuje pro pacienta pouziti pfistroje s pfesnosti méteni spadajici do dané
oblasti miizky.

Glukometrem zmétené hodnoty glykémie jsou v ni srovnavany s hodnotami vzeslymi
zmetody referenéni. Mfizka je rozd&lena do nékolika pasem rizik (A-E). Oblasti A a B
znamenaji dostateénou presnost glukometru (odchylka glukometru méa maly nebo zadny G¢inek
na spravnost lé¢ebného rozhodnuti). Pasma C az E znamenaji naméieni hodnot, které zvyduji
riziko terapeutické chyby. A to od nedostateéné piesného lééebného kroku az ke
zcela protikladnému Fe3eni, nez které by bylo v dané situaci vhodné (napt. pasmo E piedstavuje
vysoké hodnoty glykémie naméfené glukometrem, zatimeo referenéni (skuteéné) hodnoty se
pohybuji v pdsmu hypoglykémii.)

8.1.2 Vyloudeni chybovosti vlivem dal§ich latek a hodnot hemoglobinu
Pii vyvoji glukometri se hodnoti v ramci procesu fizeni rizik vliv objemu Cervenych
krvinek (hematokrit) a rusivych latek v krvi na piesnost pfistroje. Norma stanovuje kritéria
prijatelnosti, ktera uréuji hranici akceptovatelného t€inku latek na pfesnost testi. Pokud vliv
ru§ivych latek nevyhovuje stanovenym kritériim, musi vyrobce uvést i€inky latky v ndvodu
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k pouziti piistroje. Mezi moZné rusivé latky se fadi napfiklad paracetamol, kyselina askorbova,
dopamin, heparin, ibuprofen, k. mocova a dalsi (iplny vy&et nize). Zalezi na kazdém vyrobei,
aby sam zvazil, zda mohou tyto latky mit potenciondalni vliv na pfesnost méfeni jejich systému.
Pokud vyrobee neprovede zkousky na mozny G¢inek téchto latek, musi diivody uvést v analyze
rizik.

Pokud ucinky nékteré z rusivych latek nespliiuji nasledujici kritéria pfesnosti méfeni,
musi byt jejich vliv popsan v navodu k pouziti:

o U koncentrace glukozy <5,55 mmol/l nepfesahuje primérny rozdil mezi zkusebnim
a kontrolnim vzorkem 0,55 mmol/l (v jednom z nich je pfidina testovana rusivd
latha)

o U koncentrace glukozy >5,55 mmol/l nepiesahuje primérny rozdil mezi zkusebnim
a kontrolnim vzorkem 10 %.

Pokud vliv celkového objemu Cervenych krvinek (hematokrit) nesplituje nékteré
z nasledujicich kritérii, musi byt popsan v navodu k pouZiti:

o U koncentrace glukézy <5.55 mmol/l: rozdil mezi primé&rnou naméfenou hodnotou
pro kazdou hladinu celkového objemu ¢ervenych krvinek a primémou namétenou
hodnotou pro polovi¢ni hladinu celkového objemu Eervenych krvinek nepiesahuje
0,55 mmol/i (testuje se vidy minimalné 5 celkovych objemii cervenych krvinek pri
kazdé ze 3 komcentraci glukozy, vzorky jsou pripravovany ze separovanych
cervenveh krvinek, ke kterym je pridavano v riznych pomeérech prislusné mnoZstvi
plasmy)

e U koncentrace glukdzy >5,55 mmol/1: rozdil mezi primérmou naméienou hodnotou
pro kazdou hladinu celkového objemu Eervenych krvinek a primérnou naméienou
hodnotou pro poloviéni hladinu celkového objemu cervenych krvinek nepfesahuje
10 %

s

8.1.3 Kvalita navodu k pouZiti
Norma upravuje téz pozadavky na kvalitu ndvodu k pouziti. Krom moZnych omezeni
vyplyvajicich z 0¢inkl rusivych latek a objemu éervenych krvinek musi ndvod obsahovat popis
a charakteristiku funkci glukometru. V navodu k pouziti musi byt uvedeno shrnuti vysledka
hodnoceni pfesnosti glukometru (hodnoceni opakovatelnosti, mezilehlé piesnosti a piesnosti
systému) a musi byt popsany mozné vlivy prostfedi na pfesnost méfeni pfistroje.

Je tieba, aby instrukce obsahovaly udaje ohledné jednotek, ve kterych glukometr méii
(mmol/l, mg/dl). Vyrobce je povinen uvést, zda hodnoty udavané pfistrojem jsou plazma
ckvivalentni, nebo zda se jednd o koncentrace glukozy v krvi. VeSkeré informace musi byt
popsany takovym zpiisobem, aby byly srozumitelne 1 laikim.
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Kvalita ndvodu je hodnocena uZivateli z hlediska srozumitelnosti a uZitenosti. Zaroveri
je testovana schopnost laika ziskat pfesné naméfené hodnoty glykémie za pouZiti pouze navodu
k pouziti a méficiho pfistroje.

V normé uvedené moiné rusivé latky:

Paracetamol, Ibuprofen, kyselina askorbovd, lkodextrin , Bilirubin, L-3,4-
dihvdroxyfenylalanin, Cholesterol, Maltoza , Kreatinin, Methyl-DOPA , Dopamin,
Pralidoxim-jodid, EDTA , Salicyldr, Galaktoza, Tolbutamid , Kyselina gentisinovd,
Tolazamid, Glutathion, Triglyceridy , kyselina mocovd, Heparin, Xyloza

Literatura:

CSN EN ISO 15197 ed. 2. Systémy diagnostickych zkousek in vitro - PoZadavky na
systémy monitorovdni glykémie pro sebekontrolu pacientii s diabetes mellitus. Praha: Utad pro
technickou normalizaci, metrologii a statni zkuSebnictvi, 2013.
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Telemonitorovaci systém
Diani - Cesky prinos ke
sbéru a analyze dat pacientu
s diabetes mellitus 1. typu

Jan Muzik, Anna Holubova, Martina
Oulicka, Miroslav Muzny, Milan Polacek,
Dominik Fiala, Milan Kvapil, Jan Broz

MozZnosti monitorace glykemie i dalSich dtilezitych parametri, jakymi
jsou napfiklad ddvky inzulinu, obsah sacharidi v jidle, mira fyzické akti-
vity apod., pfindseji pacientovi a také jeho lékafi velké mnozstvi dat. Pro
pacienta je sloZité vSechna data konzervativni pisemnou cestou zazname-
ném rozsahu a ve v8ech souvztaZznostech analyzovat.

Aplikace pro chytré mobilni telefony i desktopové pocitace a table-
ty jsou dnes béznou nabidkou fady vyrobcii a nabizeji pomoc nejenom
ve vyse uvedenych piipadech. U pacientti s diabetes mellitus usnadniuji
ukladani hodnot glykemie, obsahti sacharidii v jidlech, ddvek inzulinu ¢i
tyzické zatéZe a jejich ¢astecné automatizovanou analyzu nebo pacientovi
pfipominaji, Ze nadesel ¢as zméfit si glykemii & se vydat na svou plano-
vanou prochédzku & jinou fyzickou aktivitu.

Originalnim ceskym pfispévkem k tomuto segmentu péce o diabeti-
ky je telemonitorovaci systém Diani. Je to telemedicinsky systém, ktery
umoziiuje dalkové spojeni s fadou elektronickych ptistroji (aplikace chyt-
rych telefond, krokoméry, kontinudlni monitory glykemie, zafizeni na
méfeni krevniho tlaku apod.), ze kterych automaticky stahuje a ukldda
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nameéfend ¢i pacientem vloZend data a zobrazuje je pomoci webové apli-
kace.

Schéma systému je zobrazeno na obr. 1. Tvotf ho centralizované tloZi-
§té dat a fada modulti pro import dat ze zafizeni, jako jsou glukometry,
krokoméry nebo inzulinové pumpy. Pacient do systému vstupuje pies
svlij soukromy zabezpeceny tcet. StaZend a uloZend data si mtiZze zobrazit
v nékolika modalitich (grafy, tabulky), veskera data si milZe téZ stdhnout
v ruznych formatech (pdf,csv) a zvoleném c¢asovém obdobi. Pacient téz
miiZe umozZnit svému lékafi (¢i komukoliv dal$imu) ke svym datm pfi-
stup ptes dalsf individudlné zaloZeny tiéet.

Data lze na internetovém serveru zobrazit v nékolika podobéch. Na
obr. 2 vidime schematicky ¢asovy graf, ktery ndzorné a ptehledné uka-
zuje jednotlivé méfené hodnoty v ¢asové souslednosti, a pacient ¢ lékaf
si mohou snadnéji udélat pfedstavu o jednotlivych veli¢indch a jejich

24 mmol/L

. . 15 W/h
20 mmol/L 125 W/h
16 mmal/L 101W/h
12 mmel/L 7.50/h

;----l

8 25MW/m

0 mmol/L 01Ufh
30.Nov  02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 1. Dec
® Glykémie [mmol/L] — Glykémie [nmol/L] @ Insulin lU/h] ¢ Alarmy
2000 kroky 301U 100g
1600 kroky 24U 80g
1200 kroky 18U 609
800 kroky 121U 409
400 kroky I 61U 209
|I'I E I"I El sl II| i
ki —| N . iCn cl ML A o 0g
30.Nov  02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 1. Dec
@ Aktivita [kroky/15 min] — Hloubka spinku  -e- Fyzické aktivita sacharidy [g] @ Insulin U]
Obr. 2
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/136 Diabetologie 2017
Glykémie [mmol/L] Sacharidy [g] Insulin [IU] Insulin [IU/h] Aktivita [kroky/den]
124 AM 48| | e53AM 5| [ 917AM 55 101302013 12:00 AM 14
9:15 AM 86 9:07 AM 0 10:37 AM 20 12:00 AM - 10:06 AM 1.0 12:15 AM 81
11:50 AM 98| | 10:06AM 34| [ 1mo04am 00| | 1006 AM - 2:00 PM 10 1:00 AM 14
1:38 PM 38| | 1203PM 60| [ 11:54AM 65| | 2:00PM-8:00PM 12| [ sam| 28
9:49 PM 63 123PM 2| [ a30em 35| | 8:00PM-12:00 AM 10 1:30 AM 13
9:52PM 63 1:40 PM 20| | as7PM 30| | 1200 AM- 1:27 PM 10 9:00 AM 2
11:29 PM 92| | so08PM 20| [ s14pPM 00| | 127PM-202PM 00 %15AM 18
11:31 PM 9.2 5:14 PM V] 6:32 PM 2.0 2:02 PM - 8:00 PM 12 9:30 AM 39
Obr. 3

vzdjemnych souvislostech. Pro pfehledny vycet absolutnich hodnot je
mozné vyuZit klasickou tabulku, umisténou pod grafem, kterou vidime
na obr. 3. Zaznamem je moZzné libovolné listovat, vytisknout si ho pedle
zadaného Casového intervalu ¢i stdhnout ve formé pdf.

Z&sadni souddsti telemonitorovactho systému je mobilni aplikace dia-
betického deniku Diabetesdagboka (obr. 4), kterou pacient pouZzivd k za-
davani dat do svého chytrého telefonu. Do této aplikace, kterou vytvofilo
Norském centrum pro vyzkum e-health a na jejimZ vyvoji se rovnéz po-
dilime, pacient uklada data o zméfené glykemii, ddvce inzulinu, mnoz-
stvi sacharidii v jidle, p¥{padné pozndmky o své aktudln{ ¢innosti (fyzickd

Sl
e

Primic 8,7

wit BERE
Oxd| Bxa| 2«

[ ———

Obr. 4
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aktivita apod.). Zejména pacienti s diabetem 2. typu pak mohou zaddvat
i informace o aktudlni hmotnosti, pffjmu kalorii, poZiti antidiabetik ¢i si
nastavit své osobni cile. Hodnoty glykemie jsou do aplikace p¥enaseny
automaticky v pfipadé, Ze pacient vlastni glukometr Fora Diamond, ktery
umoZituje automatickou komunikaci s aplikaci pfes Bluetooth rozhrani.

Pacient ma moZznost data prohliZet prostfednictvim aplikace ve svém
telefonu a data jsou pfes internet automatizované piendsena do webové
aplikace Diani.

Vkladani dat do aplikace usnadfiuje aplikace pro chytré hodinky
Pebble, kterd umoZituje, aby registrace jednotlivych polozek probihala jed-
noduchym stisknutim pouze nékolika tlacitek, pficemz se tyto zdznamy
automaticky pfendsejf a ukladaji do mobilni aplikace.

Pacienti, ktefi nyni telemonitorovaci systém v testovacim reZimu vyuZzi-
vaji, jsou vybaveni i elektronickym krokomérem Fitbit nebo Xiaomi. Takto
ziskand data jsou pfimo pfendsena do webové aplikace, kde jsou pak ulo-
Zena a zobrazena. Dalsi mozZznosti systému Diani je upload dat ze vSech
v Ceské republice pouzivanych kontinudlnich monitorti glykemie (Dex-
com, Medtronic, Freestyle Navigator) a jejich zobrazeni z daného zafize-
ni. V piipadeé systému Dexcom je moZzné vyuzit modul xDrip (Nightscout)
a data pfendset automaticky a v redlném case.

Soucdasti systému je i automatizovana analyza nékterych dat. V soucas-
nosti probiha testovaci provoz systému umozitujiciho vyhledavani problé-
movych & potencidlné problémovych situaci, jakymi jsou hypoglykemie,

e

situace s vétsi krokovou zdtéZi a situace s rychlym poklesem glykemie.
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Abstract

Background: Today’s diabetes-oriented telemedicine systems can gather and analyze many parameters like blood glucose
levels, carbohydrate intake, insulin doses, and physical activity levels (steps). Information collected can be presented to patients
in a variety of graphical outputs. Despite the availability of several technical means, a large percentage of patients do not reach
the goals established in their diabetes treatment.

Objective: The objective of the study was to cvaluate the benefits of the Diani telemedicine system for the treatment of paticnts
with type 1 diabetes mellitus.

Methods: Data were collected during a 24-week feasibility study. Patients responded to the World Health Organization Quality
of Life — BREF (WHOQOL-BREF) questionnaire and a system evaluation questionnaire. The level of glycated hemoglobin
(HbA,.) and the patient’s body weight were measured, and the patient’s use of the telemedicine system and their daily physical
activity level were monitored. All data were sent from the patient’s device to the Diani server using a real-time diabetes diary
app. Wilcoxon and Friedman tests and the linear mixed effects method were used for data analysis,

Results: This study involved 10 patients (men: n=5; women: n=5), with a mean age of 47.7 (SD 19.3) years, a mean duration
of diabetes of 10.5 (SD 8.6) years, and a mean HbA,_ value of 59.5 (SD 6.7) mmol/mol. The median number of days the patients
uscd the system was 84. After the intervention, the mean HbA |, decrcased by 4.35 mmol/mol (P=.01). The paticnts spent 18.6
(SD 6.8) minutes on average using the app daily. After the intervention, the number of patients who measured their blood glucose
level at least 3 times a day increased by 30%. The graphical visualization of the monitored parameters, automatic transmission
of measured data from the glucometer, compatibility, and interconnection of individual devices when entering data were positively
evaluated by patients.

Conclusions: The Diani system was found to be beneficial for patients with type 1 diabetes mellitus in terms of managing their
disease. Patients perceived it positively; it strengthened their knowledge of diabetes and their understanding of the influences of
the measured values on the management of their disease. Its use had a positive effect on the HbA_ level.

(JMIR Form Res 2023;7:e35064) doi: 10.2196/35064
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Introduction

Diabetes Mellitus

Diabetes mellitus is a major public health problem that is
approaching epidemic proportions worldwide [l]. The
prevalence of diabetes mellitus is increasing at an alarming rate.
The World Health Organization (WHQ) reported the global
prevalence of diabetes in adults (20 to 79 years) as 8.5% in 2014
[1] and 10.5% in 2021, and the estimated prevalence of diabetes
is expected to rise to 12.2% in 2045 [2]. Between 5% and 10%
of patients have type 1 diabetes [3]. In 2021, there were about
8.4 million people worldwide with type 1 diabetes. Of these,
83% were aged 220 years [4].

The increase in global health expenditure due to diabetes has
been considerable, growing from US $232 billion in 2007 to
US $966 billion in 2021 for adults aged 20 to 79 years. Direct
costs of diabetes are expected to continue to increase. The
International Diabetes Federation estimates that total
diabetes-related health expenditure will reach US $1.03 trillion
by 2030 and US $1.05 trillion by 2045 [5]. Health systems are
under pressure related to the sustainability of health care
provided at acceptable levels and with a high number of
consultations in both primary care and hospitals. Social systems
are exposed to increased costs because of the reduced working
capacity. As a result of this pressure, patients with diabetes can
develop feelings of reduced quality of life [6]. Regular checks
on a person with diabetes by a health care provider are generally
performed once or twice a year, so diabetes care is primarily
based on self-care [6].

The overall average glycated hemoglobin (HbA ) for patients
with type 1 diabetes was 66 mmol/mol (average HbA |, values
are 58-62 mmol/mol for patients aged 30 years and 58 mmol/mol
for patients aged 65 years; data also include insulin pump users)

[71.

Currently, different technological tools are available for patients
with diabetes mellitus that can significantly facilitate their daily
life with diabetes and, at the same time, adapt to their individual
needs. Telemedicine systems (TSs) have the potential to offer
a solution to the sustainability of health care systems,
maintaining or increasing the quality and accessibility of health
care and managing large amounts of health-related data with
limited resources [8,9].

TSs have been increasingly used in the care of diabetes in the
last decade [9-17]. Despite the benefits they offer their users
[9,18-20], they have not yet been widely adopted as a tool for
health care delivery [10], and the systems have not been
adequate enough to meet their created plan for the care of
diabetes [5,8,12]. During the recent COVID-19 pandemic, the
situation generally improved.

However, the technologies themselves will not help the patients
if they are unable or unwilling to fully use what the given
technology offers. It is necessary to ensure frequent interaction

https://formative jmir.org/2023/1/e35064
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with the technology. To find the right motivation for a given
patient, it is necessary to know the patient’s involvement in
terms of treatment, in situations in which it is difficult to
self-manage diabetes mellitus, as well as mental abilities and
environment [21]. For long-term sustainable TS use by patients
with diabetes, the associated expenditure of time, energy, and
money must be at a tolerable level in terms of the patient’s
treatment burden [22].

Diani is a TS for the management of diabetes mellitus and other
chronic diseases, which reports a significant improvement in
HbA,_ values in patients with type | diabetes [21]. The
feasibility of an intervention with the Diani TS might fill the
knewledge gap in the implementation of TSs in the health care
system; cxplore the reliability, accuracy, and efficiency of the
system more closely; and help to identify patient requirements
for a digital tool for diabetes care so that such technical solutions
lead to their long-term use with a positive impact for all users,
patients with diabetes, health care providers, and the national
health system.

Objective of the Study

The main objective of the study was to evaluate the Diani TS
for the treatment of patients with type | diabetes mellitus,
especially its effect on HbA,. and body weight. Specific
objectives were to identify the benefits and limitations of the
system from the perspective of patients, namely whether the
system contributes to a sense of security, whether patients have
educational benefits as a result of using the system, whether
they feel more confident in managing diabetes care, what
functions the system likes to use and which they have not used,
and why. The parallel target was to monitor the patient’s views
on the operation and use of the system and to evaluate whether
the Diani TS affects their health and quality of life. Furthermore,
this study aims to determine how patients have used the system
(frequency and duration of using particular sections of the Diani
TS and access method),

Methods

Research Design

The study has been designed as a feasibility study focusing on
the evaluation of the Diani TS based on a questionnaire survey
of patients with type 1 diabetes mellitus and the use of the Diani
TS, which also includes tracking patients’ use of the system.
The monitored parameters were HbA |, and the body weight of
the patient with diabetes. The study followed the principles of
the randomized, crossover intervention study (real-world study)
[23,24]. The study design was planned so that the observed
parameters of diabetes self-management, involving the use of
the Diani TS, are measured in the real conditions of the patient’s
daily life.

In a selected internal medicine clinic, which provides
comprechensive diagnostic and therapeutic care to both
outpaticnts and hospitalized patients with diabetes mellitus from

JMIR Form Res 2023 | vol, 7| e35064 | p. 2
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all over the Czech Republic, 10 patients were recruited and
included in this study, with an emphasis on maintaining the
highest representativeness.

Diani

The Diani TS configuration used in the study consisted of a
web app (Diani), a mobile app called the Diabetesdagboka

(DDB) diabetes diary (installed on the Samsung Galaxy J5
Android 8.1), a Fora Diamond MINI Bluetooth glucometer

Figure 1. The Diani telemedicine system.

Study Outcomes

Primary Outcomes

HbA; values and patient body weight were determined at each
of the 3 physician visits during the study (visits 1-3, as described
below). The parameters were collected in a diabetological office,
including taking a blood sample, which was evaluated by the
internal hospital laboratory. The primary objective was to check
whether there was a significant change in these values after the
intervention. The secondary objective was to see if there was a
change in these values at V3 (ie, at the end of the study).

Comparison With Prior Work

A growing number of studies discuss the influence of digital
technologies on the compensation of diabetes mellitus disease
[9,18-20,27]. Interventions are more often in the form of the
use of mobile apps, web portals, email, SMS text messages,
phone calls, and customized smart devices [6,9,27].
Interventions can include diabetes education, nutritional
interventions, a physical activity plan, and blood pressure
management [9,28,29]. Some technologics allow real-time data
sharing, such as glucometers [29,30]. Feasibility studies include
semistructured interviews or questionnaircs focusing on the
quality of life [9] and the usability and acceptability of the
technical solution [6,9] in a standardized form [31] or created
by the authors [6,27]. Technical equipment and consumables
were provided to participants in some studies [29]. The study
varies in scope in the number of patients (10 to 2378) and
duration of 3 to 12 menths [9]. A common problem is patient
recruitment and a high patient dropout rate [9]. Telemedicine
may be a useful supplement to usual clinical care to control
HbA |, at least in the short term, but there was no evidence of
a convincing effect on the quality of life [9]. Telemedicine
interventions appeared to be most effective when they use a
more interactive format [9].

https://formative jmir.org/2023/1/e35064
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(FORA Care Suisse AG), and a Fitbit Flex smart bracelet (Fitbit
Inc). A continuous blood glucose monitor (xDrip module,
Nightscout) and a smartwatch (Pebble Classic), with the DDB
app for the Pebble Smartwatch, were all connected to the system,
allowing for an alternative way of entering information into the
DDB app (Figure 1). The monitored data were downloaded
from the device or automatically sent to a web application,
where they were automatically sorted, aggregated, analyzed,
and saved [21,25,26].

| Sm————

Secondary Qutcomes

To determine the characteristics of the group, patients completed
the patient questionnaire at the initial visit (V1). To determine
the possible impact of the Diani TS on diabetes
self-management, selected questionnaire questions were
submitted for completion at subsequent visits (V2 and V3). To
study the impact of the Diani TS on the quality of life of
patients, patients completed a standardized WHO questionnaire
at each visit (V1, V2, and V3).

Another partial objective was to find the frequency of using
particular Diani TS features and to register the time needed to
enter and collect data. For this, a Matomo analytics application
was used with a focus on tracking the patient’s use of the Diani
system at the time of the intervention. To evaluate the Diani TS
and identify the strengths and weaknesses of the system, which
is important for its further innovation, paticnts completed a
product questionnaire (described in the Key Insiruments section)
during a postintervention visit.

Inclusion and Exclusion Criteria

The study included patients with type | diabetes mellitus, who
were 218 years old, and who administered insulin
subcutaneously by means of an insulin pen, using a personal
glucometer, a smartwatch, and a smartphone. Exclusion criteria
were pregnancy, insulin pump therapy, inability to use the Diani
TS, and engagement with the study criteria.

During V1, eligibility and exclusion criteria were considered
and assessed based on medical records, patient interviews, and
laboratory tests.

Study Sample

The physician offered to participate in the study for all
consecutive patients with type 1 diabetes treated with insulin
for at least 1 year until the quota was reached.

The study involved 10 patients (5 women and 5 men). The mean
age of the participants was 47.7 (SD 19.3) years; the mean

JMIR Form Res 2023 | vol. 7| e35064 | p. 3
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duration of diabetes was 10.5 (SD 8.6) years; and the mean BMI
was 26.9 (SD 3.6). The mean body weight of the patient at the
time of study entry was 81.1 (SD 16.9) kg and the mean HbA
was 59.5 (SD 6.7) mmol/mol. The median number of days for
which patients tested the system was 84.

Data Collection

Data for the Diani TS cvaluation were obtained within the
feasibility study, which had the characteristics of a randomized

Ptiloha ¢.5

Vlasakova et al

crossover intervention study. The total duration of the study
was 24 weeks (Figure 2). The patients were randomly divided
into 2 groups: group A and group B. Patients in group A used
the system for the first 12 weeks; patients in group B followed
their usual plan of care for diabetes. After 12 weeks, the patient’s
activity changed, the patients in group A followed their usual
plan of diabetes care, and the patients in group B used the Diani
TS for self-management of diabetes again for 12 weeks.

Figure 2. Study scheme (group A: orange; group B: blue). HbA . glycated hemoglobin; TS: telemedicine system; WHOQOL-BREF: World Health

Organization Quality of Lifec — BREF.

Visit 1

}

Group B (n=5) ]

==
il

Reporting ¥
tracking the | Intervention - the use of

patients' usage of the Diani TS

the Diani system

Visit 2 I mu-nn;mwml

‘I intervention - the use of

the Diani TS

| Following usual regimen |

e
- Weight physician

The data reported by the
el

https:/iformative jmirorg2023/1/e35064

XSL-FO

RenderX

JMIR Form Res 2023 | vol, 7| e35064 | p. 4

(puge number not for citution purposes)



JMIR FORMATIVE RESEARCH

The study included 3 visits to the doctor: the initial visit (V1),
then a follow-up visit (V2) after 12 weeks of study, and the
third visit (V3) after 24 weeks of study.

Envrollment Visit (V1)

During V1, the physician evaluated the inclusion and exclusion
criteria. The physician asked the patient if they were willing to
participate in the project and asked them to sign an informed
consent. The patients enrolled in the study received a set of
questionnaires (the patient questionnaire, the World Health
Organization Quality of Life — BREF [WHOQOL-BREF]
questionnaire), which they completed during V1. If the patient
was assigned to group A, a Diani TS monitoring kit was given
and they were trained in the use of the system. The patients in
group A were supposed to use the Diani TS between V1 and
V2, optimally for 12 weeks. The data reported by the physician
were obtained from medical records and recorded in the Diani
web app. The data included HbA,, and the patient’s body
weight.

Follow-up Visits (V2 and V3)

V2 and V3 took placc within the usual practice in the clinic at
3 and 6 months after V1. The period between wecks 1 and 12
was referred to as phase 1 and the period between weeks 13 and
24 was designated as phase 2. During V2 and V3, the patient
completed an updated patient questionnaire (questions from the
Demographic section were omitted) and the WHOQOL-BREF
Questionnaire. At the end of the intervention, patients completed
the product questionnaire (group A at V2 and group B at V3).
At V2, patients in group B received the Diani TS monitoring
kit and were trained in how to use the system. Patients in group
B used the Diani TS between V2 and V3 (weeks 12-24); patients
in group A followed their usual plan of diabetes care during
this time, as before the Diani TS intervention (without further
intervention). The data reported by the physician were obtained
from medical records and recorded in the Diani web application.
The data collected were HbA_ and the patient’s body weight.

Key Instruments

The Patient Questionnaire

The patient questionnaire was developed by the research team
involved in this particular study to obtain data describing
important areas related to insulin therapy and diabetes in general.
It focuses on the details of the patients and their technical skills
in using conventional computing and smartphones in order to
assess their ability to use the Diani TS. The questionnaire
consists of 43 questions classified into the following categories:
demographic data; self-management of diabetes and health,
including patient’s eating habits of the patient; physical activity;
questions that determine the level of use of computer technology
and smartphones.

The WHOQOL-BREF Questionnaire

The WHOQOL-BREF Questionnaire is a standardized
questionnaire by the WHO. The questionnaire focuses on
determining the quality of life of the patient. It is capable of
detecting the current deterioration of health and capturing
differences in the living conditions of people with long-term
illness or disability [32,33]. The questionnaire consists of 26

https://formative jmir.org/2023/1/e35064
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questions. Twenty-four questions represent four areas, which
are as follows: (1) physical health, (2) psychological area, (3)
social area, and (4) environment. Two questions are evaluated
separately; they deal with the evaluation of quality of life and
overall health. Items are evaluated on a 5-point Likert scale.

The Product Questionnaire

The product questionnaire is a questionnaire created by this
study’s research team and focuses on the evaluation of the Diani
TS by an intervention group. It is based on standard product
cvaluation rescarch [34-37] and is adapted for study purposes.
Due to the simplicity of the questions, the questionnaire was
not validated. The questionnaire contains 18 questions that
assess patients’ experience with the use of the Diani TS, of
which 5 questions were open for verbal evaluation of the system,
describing both positive and negative characteristics of the
system and possible suggestions for improvement.

Tracking the Usage of the Diani TS by the Patient

To track the patients’ usage of the Diani TS, the open-source
analytic framework for web analytics, Matomo, was used. This
software monitors the digital visits of patients to the Diani TS
and shows reports for further analysis. The objective was to
identify how often individual users log into the system, how
long they stay there, what sections of the system they use or
what activities they perform (value registration, data viewing,
etc), and in what way (access to individual features).

Study Interventions

The intervention consisted of using the Diani TS by patients to
self-manage diabetes for a predetermined period of time. Patients
had access to the Diani web app, the DDB mobile diabetes diary
app, the Fitbit smart bracelet, the Pebble smartwatch with the
DDB Companion for the Pebble smartwatch app, and the
Diamond Mini glucometer.

Statistical Analysis Plan

The primary objective was to identify a potential change in
HbA, . and the patient’s body weight after the intervention and
at the end of the study (V3), at the selected significance level
of .05. Another objective was, at the same level of significance,
to identify a potential change in the patient’s quality of life after
the intervention. For this purpose, a regression analysis, the
linear mixed effects (LME) method, and nonparametric tests
{Wilcoxon and Friedman tests) were performed.

The secondary objective was to determine how frequently the
patients used the Diani TS features and when they used them.
As with the analysis of the characteristics of the group, the basic
descriptive statistical analysis of the primary data (mean, SD,
median, upper and lower quartiles, and minimum and maximum
rates) was used here as well.

For nonstandardized questions, a list of individual responses,
their categorization, and coding into numerical values were
performed. For the free text questions, a thematic evaluation of
the answers was performed.

Ethics Approval
All procedures were performed according to the FEthics
Committee for Multicenter Clinical Trials of Motel University
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Hospital and the 2nd Faculty of Medicine, Charles University
in Prague, Czech Republic (approval date: November 4, 2016).
All participants signed an informed consent form.

Results

Diabetes Self-management and Health

All patients agreed that they had been instructed on lifestyle
changes and diabetes carc during their treatment. Seven (70%)
patients checked their blood glucose values at least 3 times a
day before entering the study, and 10 (100%) patients checked
their bloed glucose at least 3 times a day after the intervention.
Of these, 6 (60%) participants tested their blood glucose at least
4 times a day, which was 20% more than at the beginning of
the study (Table 1). Using the LME method, it was found that
during the Diani system use period, patients measured their
blood glucose on average 1.8 times more often (P=.06).

When asked during V1, 4 (40%) patients said that they suffered
from depression. This number of cases may seem high, the

Table 1. Comparison of outcomes before and after the intervention (N=10).
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likely reason being that the term depression was not specified
or defined in the questionnaire and patients could thus explain
it in different forms. Three (30%) respondents did not feel like
managing their lives due to type 1 diabetes mellitus. Seven
(70%) patients said that the behavior change plan would help
them better compensate for type 1 diabetes mellitus; 6 (60%)
patients would like more information in the field of nutritional
therapy and information about type | diabetes mellitus disease.

Seven (70%) patients reported that they could reduce the risk
of health complications resulting from diabetes mellitus. Seven
out of 10 participants stated that they had a diet plan, but only
2 participants always followed it and 4 occasionally, while the
others only rarely or never. Nine (90%) patients stated that they
had bigger problems counting carbohydrates and 4 (40%) of
them did not manage this activity at all. At the same time, 6
(60%) paticnts reported cating the recommended portion sizes
of food almost always. Half of the participants felt that it was
difficult for them to manage their illness and all of them stated
that they were motivated to work on their treatment.

Intervention

Before After

Diabet.

self- t
Blood glucose measurement frequency, n
1% per day
2% per day
3x per day
4x per day
=4x per day
Targeted physical activity
Type of physical activity," n
Cycling
Walking
Physical work (in the garden)
Housework
Running
Exercise (gym)
Dance
Length of physical activity, n
1 do not perform physical activity
1-29 min
30-59 min
60-119 min

=120 min

[

1 0
3 4
3 5
I |
5 4
9 8
7 3
I 0

5%}

2 2
1 1
1 0
0 0
5 6
1 2
3 2

“Multiple answers could be chosen for the question.

Physical Activity

At V1, 9 (90%) patients reported targeted, planned, and
structured physical activity at least once a week, of which 6

https://formative jmir.org/2023/1/e35064
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(60%) reported, more than twice a week, mostly walking,
gardening, or cycling. This activity usually lasted 30-60 minutes.
After the intervention, the type of activities decreased (Table
1), but the duration of the activity increased slightly, and the
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frequency remained the same. Three out of 10 participants felt
their physical condition was deteriorating; after the intervention,
4 out of 10 patients had the same feeling.

Technical Experience

Nine (90%) of the patients had no experience with using any
mobile diabetes diary application prior to participating in this
particular study. One patient stated that he had experience with
the DDB mobile app. None of the study participants had
participated in any study that dealt with diabetes treatment
assistance before entering our study.

The WHOQOL-BREF Questionnaire

The return rate of the questionnaires was 80%. For the first
separate question on the quality-of-life assessment, 60% (n=6)
of the participants rated their quality of life as good or very
good at V1. At V2 and V3, 78% (n=7) and 89% (n=8) of the
participants chose these answers, respectively. The second
separate question focused on the evaluation of satisfaction with
the participants’ health, At V1, 30% (n=3) of the patients
expressed satisfaction with their health; 44% (n=4) and 50%
(n=5) of the participants were satisfied with their health at V2
and V3, respectively.

The Friedman test did not show significant differences in quality
of life within the group between individual study phases. The
Wilcoxon test did not show a change regarding the intervention
or nonintervention groups.

The System Evaluation Questionnaire

As part of the system evaluation, all users marked the use of
the system as socially discreet. Its use (data entry, daily use,
and charging) was rated by 90% (n=9) of the patients as rather
easy or easy. Similarly, 90% (n=9) of users reported spending
more time thinking about diabetes mellitus as a result of using
the system and managing to dose insulin better. For example,
based on links to educational resources from the DDB app, there
was new information for one of the patients that their insulin
bolus could be adjusted by more than 2 units. Seven (70%) users
feel safer as a result of using the system. In terms of time, 70%
(n=7) of the patients evaluated working with the system to be
rather undemanding or not at all demanding.

Patient-Reported Positive Aspects of the System

In open questions, users positively cvaluated the graphical
visualization of measured parameters (clarity of monitoring
results and digital form), automatic transmission of measured
data from the glucometer, and compatibility and interconnection
of individual devices when entering data. One of the system
benefits was also reported to be the simplicity of entering data
into the mobile app and the generally simple operation of the
system. The possibility of connecting a continuous blood glucose
monitor and the smart bracelet, digitizing data, and a possible
view from several types of devices (interconnection of the
system with the internet) was appreciated. The chronological
presentation of the key indicators was also positively assessed.,
These indicators enable the evaluation, comparison, and search
for connections between carbohydrate intake, physical activity,
and the size of the insulin dose. Patients acknowledged the
opportunity to print the monitored values with the selected data
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filter and decide the amount of data, for easier perception of the
information. In the Diani TS evaluation, users emphasized the
power of the system in providing feedback to the user, which
makes it easier for them to understand the measured values and
information in context and as a result of their behavior, to
improve diabetes management in the future.
Patient-Reported Negative Aspects of the System

The provided smartwatches were reported to be difficult to
control (small and rigid buttons) and negatively evaluated. Users
also requested the display of key values in a single graph and
the depiction of trends in the development of the measured
values (curve fitting). Furthermore, the need to link the Diani
TS with Kalorické Tabulky (a Czech food composition database
mobile app) was requested, and a requirement to automatically
add up the registered values of the received carbohydrate intake
over a predefined period was mentioned. Users also described
the acquisition and registration of data as time-consuming.
Another issue was the overuse of devices (both a smartwatch
and a smart bracelet placed on the wrist). During the study,
patients reported communication issues with the server. This
outage was also described as unsatisfactory. This was mainly
due to a poor internet connection on the users’ mobile phone,
Bluetooth being turned off in the device, or improperly timed
technical maintenance of the server. However, these technical
issues were eliminated during the study. During these episodes,
all data were stored in the user’s mobile phone and were
uploaded to the Diani server after the connection was
re-established, which occurred within 5-15 minutes.

Patients’ Suggestions for Improving Diani

Suggestions for improving the system included the possibility
of adjusting the limit values of the monitored blood sugar level.
The need for retrospective control of data transfer (in the form
of notification) and access to the application for devices
operating on the iOS operating system were also wanted
features. Additionally, the need to improve the smartwatch so
that it is more user-friendly was also stated. Furthermore, a
proposal to reduce a large number of items was mentioned in
the web version of the application and to emphasize the
monitoring of exceeding carbohydrate intakes was mentioned,

Five (50%) users expressed their readiness to pay for the use
of the system; 3 (30%) users are not willing to pay for the
system; and 2 (20%) are unable to decide. One (10%) user would
be willing to spend 5%-10% of their monthly income on the
system; 40% (n=4) users would be willing to spend between
1% and 5% of their monthly income; and 20% (n=2) user would
be willing to spend less than 1% of their monthly income (n=2,
20% of the participants reached the average net wage in the
Czech Republic [the median net wage for 2017 in the Czech
Republic was CZK 25,021; US $1070]; the others had a lower
wage or did not answer the question).

HbA,  Level and Body Weight Changes

At V1, the mean HbA _ level was 59.5 (SD 6.7) mmol/mol;
after the intervention, the mean HbA,. decreased by —4.35
mmol/mol (P=.01) (LME analysis). The effect comparing
monitoring at V2 with V1 was —6.54 mmol/mol (P=.04); the
effect comparing the use of the Diani TS at V3 with V1 was
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—2.16 mmol/mol (£=.45). The mean HbA |, at V2 was 60 (SD
9.8) mmol/mol and at V3 was 61.8 (SD 6.1) mmol/mol in
participants who participated in the intervention in phase 1.

The average body weight of participants was 81.4 (SD 16.4) kg
at V1, 81.1 (SD 16.9) kg afler intervention, and 81.5 (SD 16.9)
kg at V3. Statistical analysis did not show a significant
difference (P>.05) in patients’ body weight between the
intcrvention or control groups; there was even no cffcet within
one group during the study.

Patient Usage of the Diani System

For the duration of the study, the patients spent 41.6 (SD 31.7)
hours on average using the DDB app, with a daily average use
of 29,7 (SD 22.7) minutes. Of the total time, the daily average
of 11,6 (SD 18.6, 67%) minutes was spent on manual physical
activity registration, 3.5 (SD 4.6, 17%]) minutes on the registered
blood glucose level, 2.1 (SD 2.9, 9%) minutes on carbohydrate
registration and 1.4 (SD 1.2, 7%) minutes on insulin dose
registration. The remaining time includes inactive use of the
application—viewing records, launching the application on the
smartphone, and communicating with the server. On average,
patients visited the DDB application 4.5 (SD 2.3) times a day
and performed 31.3 (SD 23.9) activities per day; these activities
include: registering items, viewing records, and editing data in
the application. The average number of activitics per visit was
7.1 (SD 2.9), and 29.4% (SD 13.3%) of the visits left the
application immediately after viewing an item. The length of 1
visit lasted 14.2 (SD 11.9) minutes on average. As for the length
of app usc, the average time of the visit decreased during the
intervention. Two users had a minimum number of entries in
the DDB and were excluded from the objective evaluation of
the system due to misrepresentation of results. A comparison
of the average values of the daily number of visits and activities
performed per day showed that one-third of patients used the
system very actively and, conversely, 20% (n=2) of users used
the system below average. Seven (70%) patients with a higher
degree of involvement with the Diani TS actively used the
system even a year after the study ended.

Discussion

Overview

This study was the first clinical trial to evaluate the Diani TS
for users with type 1 diabetes mellitus. On the basis of the data
obtained, recommendations were subsequently derived, and
suggestions for further innovation of the Diani TS were
determined.

Principal Results

The most significant result of the evaluation was the decrease
in HbA, level associated with participating in the study and
the increase in the frequency of blood glucose measurcments
during sclf-management control after using the Diani TS. This
incrcasc was obscrved in 50% of the participants and is
interpreted as a positive cffect of the system. The reason can be
that the system allows the patient both to observe the data more
and to display it in the context of activities and might motivate
patients to improve the measured data.
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Data from the patient questionnaire showed that determining
the correct content of carbohydrates in the diet is a major
challenge. Most (90%) of the respondents admitted that they
had this problem; nevertheless, 60% of patients also stated that
they consumed the recommended amount of carbohydrates in
their diet. The focus on diet should be approached more actively.
In the future, it would be interesting to focus on this topic and
think about how to motivate patients to learn from the data they
enter into the system and how to educate them to use the data
and explain the importance of a well-balanced diet plan to
compensate for the challenges of diabetes mellitus. This problem
was the reason for the integration of the food composition
mobile app Kalorické Tabulky [38] directly into the Diani TS.

Regarding the quality-of-life assessment (WHOQOL-BREF
questionnaire), the trend curve indicated an increasc in the
perception of one’s quality of life and health. Unfortunately,
duc to the low return rate of the questionnaires (80%) at the end
of the first and second phases of the study, the results cannot
be considered entirely reliable.

In general, the Diani TS was positively evaluated, in terms of
graphics, functionality, and practical use. The system was
perceived as user-friendly, well organized, and motivating by
most of the participants. The participants appreciated the
feedback provided by the Diani TS, especially concerning the
complexity and orderliness of the monitored data submitted in
real time. Based on comprehensive information, patients
reported that they were able to perceive and understand the
relationship between particular monitored values (physical
activity, carbohydrate intake, and insulin bolus size), which
allowed them to better estimate insulin dose. The system enabled
patients to deepen their knowledge in their current understanding
of blood glucose variations, in general. As a result of the use
of the Diani TS, the patients stated that they felt safer and that
it was easier for them to leave their comfort zone, for example,
when traveling and sleeping outside their place of residence.
Eliminating stressful situations like these can have a positive
cffect on the patient’s quality of life.

The accessories of the system, namely the smartwatch, the use
of which did not bring patients a large benefit compared to the
cfforts made to become familiar with them, were negatively
evaluated. Proposals for additional innovations to the system
were identified on the basis of subjective evaluation.

Based on the system logs, the operation of the system was not
very time-consuming for patients. They did not spend more
than 18.6 (SD 6.8) minutes a day registering the data, which
was why the Diani TS was perceived as easy to use and the
patients evaluated its use as discreet and not interfering with
daily activities.

Limitations

During the study, there were some technical issues regarding
the transfer of information from the glucometer to the Diani
server. These issues were resolved during the first phase of the
study. In case the problems were caused by users’ lack of
knowledge of the system, assistance for solving respective
problems was provided by means of a telephone conversation
or an electronic conversation. More detailed instructions on
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using the system or video instructions may be appropriate in
the future.

Difficulties in recruiting participants have been described in
previous studies [39], and measures were therefore taken to
reduce problems with recruiting participants for the study by
minimizing inclusion criteria. Patients were strongly motivated
to participate and remain in the study so that they could receive
free glucose strips for glucometers and lancets; there was also
the possibility of keeping the test set (glucometer, mobile phone,
and smart bracelet) after the end of the study. Another important
factor was the availability of new technologies and information
in the field of diabetology. Still, there appeared difficulties in
recruiting patients for the study, as only 10 of the 30 planned
patients were recruited.

Comparison With Prior Work

Significant effects on the reduction of HbA, were confirmed
among patients who used the Diani TS. The system also helped
strengthen the patient’s position in terms of a positive effect on
compensating for type 1 diabetes mellitus. Patients expressed
a generally positive perception of the system.

Similar studies have been conducted, but they differ in their
study design, patient variability, and technologies used. These
studies have similar results in terms of a positive effect on HbA |,
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[6,9,40,41] and an unproven effect on the quality of life [9];
however, the results cannot be compared closely due to the
diversity in data collection and evaluated information.

Conclusions

The feasibility study was a valuable first step in the evaluation
of the Diani TS. It helped identify both the benefits and
limitations of the system from the users’ perspective, recorded
their views on the operation and use of the system, and assessed
whether the Diani TS had an impact on their health and quality
of life. Based on the information obtained, new nceds and
demands of patients for the TS were identified, from which
recommendations were derived, and suggestions for further
innovation of the Diani system were determined. At the same
time, the study was helpful as a real test of the system features.
In the future, the methodological findings of the study will be
used in the evaluation of the Diani TS extended with other
components and functions. The study confirmed both that the
Diani TS can be beneficial for patients with type 1 diabetes
mellitus in managing their disease and that its use can (at least
in the short term) increase interest and motivation to follow
medical recommendations. The effectiveness of the TS for
managing diabetes is limited by its acceptance of patients. We
need more information about what motivates the long-term use
of the system by patients with diabetes as well as the degree of
influence imposed by personality.
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Mobilni a nositelnd elektronika nabizi pacientdm s diabetes mellitus nové moznosti sbéru dat a jejich efektivnéjsi analyzu. Apli-
kace pro chytré telefony Diabetesdagboka a webovy portdl Diani umoziuji shromazdovani a analyzu hodnot glykemie, davek
sacharidu a inzulinu a miry pohybové aktivity. Hodnoty jsou dostupné v pfislusném mobilnim telefonu, ale jsou téz automati-
zované prendseny do internetového portalu, kde mohou byt dopinény o zaznam z elektronického krokoméru a kontinualniho
monitoru glykemie. Lze je téz zobrazit v rliznych typech grafickych vystupl a jsou dostupné nejenom pacientovi, ale i jeho
lékafi. Kazuistika pacienta, ktery systém téméf 2 roky vyuzival, prokazuje vyznamné zlepseni metabolické kompenzace (pokles
pramérné hodnoty HbA1c o 18,6 mmol/mol v porovnani s pfedchozim obdobim).

Kli¢ova slova: diabetes mellitus, diabeticky denik, HbA, , hypoglykemie, mobilni aplikace, telemedicina, telemonitoring,
webové aplikace, webovy portal.

Long term use of the telemonitoring system Diani in the therapy of a patient with type 1 diabetes

Mobile and wearable technologies offer patients with diabetes mellitus new possibilities for data collection and their
more effective analysis. The Diabesdagboga smartphone application and the Diani web portal enable to collect and
analyze glycaemia values, carbohydrates intake, insulin doses and the level of physical activity. The data are not only
accessible in the corresponding smartphone but also automatically transferred to an Internet portal, where they may be
completed by the records from an electronic pedometer and continuous glucose monitor. All these data may then be
displayed in various types of graphical outputs and are available to both the patient and the physician. The case report
of a patient who has used the system for almost two years shows a significant improvement in metabolic compensation
(a decrease in the mean HbAlc value by 18.6 mmol/mol as compared with the previous period).

Key words: diabetes diary, diabetes mellitus, HbAlc, hypoglycaemia, mobile application, telemedicine, telemonitoring, web
application, web portal.
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Uvod

Mobilni a desktopové aplikace pomahajici pacienttm s rdznymi one-
mocnénimi jsou dnes béinou nabidkou riznych vyrobed (1-3). U pacientl
s diabetes mellitus umoZiuji sbér dat tykajicich se pfedevsim hodnot gly-
kemie, ohsahl sacharidd v jidlech, davek inzulinu ¢ fyzické zatéZe a jejich
pfipadnou ¢dstecnou analyzu, Mohou téz upominal na nutnost mereni
glykemie nebo pravidelnou fyzickou aktivitu (4, 5),

Ceskym, a navic ariginalnim, pfispévkem do této oblasti je internetavy
systém Diani. Jde o webovy portdl umoziujicl pfipojeni celé fady elektro-
nickych piistrojl (chytré telefony a jejich aplikace, elektronicke krokoméry,
kontinualnt monitory glykemie, méfice krevniho tlaku apod.) a automati-
zovaneé stahovanf jimi méfenych a ukladanych dat (6-9).

Na Obr. 1 jsou schematicky zobrazena zafizent, ktera je mozno k sys-
tému pfipajit. Na webowy portdl mdze pacient vstupovat skrze soukromy
zabezpeceny Ucet. leho data jsou zde zobrazena ve formé graft a tabulek
Ffipadné je mozné daje stahnout v fadé jinych formatd pro dalsi elek-
tronické zpracavani. Se svolenim pacienta miZe mitk jeho dattim pfistup
i otetfujici |ékaf prostiednictvim svého viastniho Gétu.

Data nainterneloveém serveru lze zobrazit v nékolika formach. Jednou
z nich Je schematicky casowy graf (Obr. 2), ve kterém Ize nazorngji vidét
Jednotlivé hodnoty a udélat si tak lepsi pfedstavu o jejich moznych vzajem-
nych souvislostech. Pro piehledny wycet konkrétnich hodnot slouzi tabulka
(Obr. 3).V neposledni fadé ma pacient moznost zobrazit si nékolikadenni
glykemicky profil nebo si vytisknout naméfené hodnoty v libovolném
Casovém intervalu jako PDF report pro Iékafe,

Nedilnou soucasti systému (Obr. 4) je mobilni aplikace diabetického
deniku Diabetesdagboka (dale Daghokal, kterou md pacient nainstalo-
vanou ve svémn chytrém telefonu. Do této aplikace, kterd byla plvodné
wytvofena v Norském centru pro e-health vyzkum a na jejimz wyvoji se
rovnés podilime, pacient vkldda data o zméiené glykemii, dévee inzulinu,

mnozstyl sacharidd v jidle, pfipadné poznamky o své aktudlni ¢innosti

Ptiloha ¢.6

{Iyzickd aktivita apod.) (10). Hodnaly glykemie jsou do aplikace pfendseny
autematicky v pfipadé, Ze pacient viastni glukometr karunikujici s aplikaci
pfes Bluetooth rozhrani.

Data 2 denfku jsou automatizovand pfes internet pfendsena do
webového portélu Diani. Pacient ma moznost data prohlizet i ve svem
telefonu prostiednictvim mobilnf aplikace Daghoka.

Ke vklddani dat o mnozstyl sacharidi a davee inzulinu do aplikace
Dagboka Ize také pouzit chytré hodinky Pebble, které tuto cinnost usnad-
Auji @ umoznuji zadavat veskeré registrace jednoduchym stisknutim
pouze nékolika tlacitek. Zaznamy automaticky prenasejl do aplikace.

Pacienti, ktefl cely systém v ovéfovacim rezimu vyuzivaji, jsou vybaveni
ielektronickym krokomeérem Fitbit, naméfené hodnoty jsou téZ automatic-
ky prenaseny do webového portalu Diani. Do néj |ze také importovat data
z kentinudlniho monitoru glykemie stazend v surovém formatu z danéha
zafzenf (Dexcom, Medtronic), pfipadné je lze prenddet automaticky a v re-

alném ¢ase s vyuzitim modulu xOrip (Nightscout) @),

Kazuistika

Jako priklad pfinosu systému pro léchu diabetu jsme zvolili pacienta,
ktery Jej v testovacim rezimu pouZival nejdéle.

25lety pacient, muz, narozeny v roce 1990 s diabetes mellitus 1. typu
od roku 1992, lédeny pomoci inzulinové pumpy od roku 2002 (Inzulin

Tab. 1. Vitupnl hodnoty zakladnich parametrnd
Srpen roku 2013

0br. 1. Schéma zapojeni jednotlivich prvk Diani a ukdzka tabulkovych vystupd

§o

Pacientiiv pfibuzng, zéchranné shifba

Tomr fora

lioim pedanéni
viha (Fora)

0

Krokomr +
TF (Fitbk)

Krokomér +
TF Garmin)

o6M

(Dexcom G},

Virska 175¢cm
Vaha 71kg
HbA, |80 mmoel/mal
Cholesteral celkavy 4,1 mmol/l
HOL-cholesterol 1.2 mmal/|
LDL-cholesterol 2,7 mmal/l
Triacylglyceroly 1,5 mmol/l
Online webové verze deniku
-
- =
L]

=

Mobilni
aplkace
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Navorapid, bazalni davka 23,3 j/den, bolusy 6-5-5 ), bez prokdzanych
komplikaci diabetu a bez daldich onemacnéni (Tab. 1). Pacient byl od roku
2013 sledovan v Diabetologickém centru Ostrava, kde byl standardnirm zpl-
sobem edukovan. Jeho pifstup klé¢he byl hodnecen jako non-complientni,
Pacient byl v rdmdi sledovani na dobu 22 mésicd vybaven aplikacf Daghoka
pro chytré telefony, Pebble chytrymi hodinkami, glukometrem FORA
Diamond Mini a krokomérem Fithit Flex, v rdmdi pfedan byl edukovan
o jejich pouzivani.

Aplikace Dagboka umaziuje pacientovi vedeni a analyzovéani zazna-
md o zmétenych glykerniich, o mnazstvi sacharidl v pozivanych jidlech,
aplikovanych ddvkach inzulinu a Gdajl o pohybové aktivite, Pacient
pouziva glukometr FORA Diamand Mini, ktery zajistuje automaticky
prenos glykemii do aplikace bez nutnosti jejich manualni registrace.
K zadédvédni dat pacient vétdinou pouZival chytré hodinky Pebble.

Data byla v redlném case pfendsena do webového portalu Diani, kde
byla zpracovdna a zobrazovana soucasné s automaticky pfenesenymi
hodnotami nachozenych krakl zaznamenanych krokomérem Fithit,
pokud ho pacient pouzival (piiklad réznych typld zdznamd na Obr. 2 a 3).

Pacient mél pfistup na webovy portal Diani pres svdj osobni ddet.
Mohl tak prochézet veskeré své zaznamy, pfipadné je T vytisknout

a predlozit svému lékafi. Piistup k Gctu byl po dehodé s pacientem
umeznén i oietfujicimu lékafi.

Vysledky

Hodnotili jsme vysledky HbA , potet méfenf glukometrem,
potel glukometrem ovéfenych hypoglykemil a prdmérmé hodno-
ty nameétenych glykemii. Pfi somatickém vysetfenf byl konstato-
vén fyziologicky nalez, v laboratornim ndlezu HbA 80 mmal/mal,
hodnoty daldich zakladnich biochemickych parametrd v mezich
normy. Statistické vypocty byly provedeny s pouZitim Pearsonova
korelaéniho koeficientu a testu hypotézy o nezdvislosti (zalozeném
na t-rozdélent),

HbA,

Je zékladnim parametrem vypovidajicim o metabolické kompenzaci
diabetu a s nf souvisejicim rizikern rozvoje specifickych komplikacl diabetu.
Primérnd hodnota HbA |, v obdobl 7 mésicd (3 naméfené hodnoty) pfed
zahdjenim pouzivani telemonitorovaciho systému byla 80,7 + 249 mmol/
mol. Priméma hodnota v obdobi, kdy pacient pistroje pouzival, byla 65,7
+736 mmol/mal, doslo tedy kjejimu vyraznému snizent. Nejnizéi hodnota

0br. 2. Uspaidddni nameienych a zadanych hodnot v éase. V fiorni poloving obrdzku hodnoty glykemif a k nim casové odpavidajic! hodnoty mnozstvi

sacharidi v jidle, poctu usljch kroki za hodinu a davek inzulinu
24

20
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u/ni

0 0
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HbA, 2 obdobi jednoho roku ped zahdjenim mefeni byla 78 mmol/mol,
nejnizii hodnota béhem pouZivan! zaffzeni byla 56 mmal/mel. Hodnoty

Primérné hodnoty glykemii

Primérné hadnoty naméfenych glykemii v obdobi, kdy pacient

jednotlivich méfeni HbA _jsou uspofadany v Tab. 2.

Hypoglykemie

Pacient systematicky nezaznamenaval hypoglykemie ani v ob-

pouzival systém Diani, jsou uvedeny v Tab. 2. Statistickeé testovani uka-
zalo, Ze vysledky primérnych hadnot glykemil statisticky signifikant-
né pozitivné korelufi s hodnotami HbA, _ (korelace 0,7053, vyznamna,
p-hodnota = 0,0338),

dobf pfed pouZivanim systému, ani v dobe, kdy ho mél k dispozici.
Mavic kratce pred zahdjenim studie vyménil glukametr, pfesna data
o méfenich tedy z tohoto obdobl neméme k dispozici, Subjektivné
hodnoti frekvenci hypoglykemii v abou obdobich jako stejnou.
Tézkou hypoglykemii v poslednich 5 letech nemél, hypeglykemie
pozndvd velmi dobfe, na Goldové skile oznaduje Cislo 1, tedy bez-
problémove rozpoznavani hypoglykemii (1)

Frekvenci hypoglykemii jsme se nepfimo (pacient neméfi hodnoty
koncentrace glukézy v krvi pfi viech hypaglykemiich) pakusili ukdzat
analyzou dat ziskanych z méfeni glukometrem v pribéhu pouzivani
systému Diani. Frekvence téchto dokumentavanych hypoglykemif
(Tab. 2) se v jednotlivych obdobich pohybovala mezi 0-3,4/tyden.
Statistickd analyza prokdzala negativni korelaci mes hodnotami HBA,
a primérnym pottem hypoglykemii za tyden (korelace -0,8053, p-
-hodnota = 0,0088).

Frekvence méfeni glykemii
Frekvence méfent glykemif je duleZitym parametrem ovlivaujicim

vyslednou metabolickou kompenzadi (12). Primérny pocet méfent na

den v jednotlivych obdaobich mezi [ékafskymi kontrolami v prdbéhu

pouZivani systému je uveden v Tah. 2.

Hodnoceni systému pacientem

Zanejdale#ité]si pfinos systému pacient povazuje moznost prehled-

néjsiho uspofadani a detallnéjsiho rozboru naméfenyich dat. v pribéhu

Jjeho pouzivanivyrazné stoupla frekvence méfeni glykemir, dle pacienta

diky tomu, ,Ze méfenl mélo vatsi smysl”.

Pacient hodnotli systém celkove vysoce pozitivng, naroky spojené

se zaskolenim ani s jeho pouzivanim nepovaZuje za narotné aniz men-

talnfho ani z éasového hlediska. vV pribéhu uzivani systému doslo néke-

Tab. 2. Hodnoty HbA_, priimérné glykemie a pocet méfenisden v pribéhu pouzivani telemonitorovacitio systému DIAN!

Datum (mésic/rok) 72014 | 102014 | 1/2015 3/2015 5/2015 9/2015 2/2016 4/2016 5/2016
(Hr:mal —_ 75 62 75 ) 71 1 1 58 5
Primémy pocet hypo- . . .
B 03:04 | 05207 0 05405 | 03+04 | 182718 | 33+17 | 19&1, 34418
i;:T:T:;;’:;‘:;?I?Jf; N3£49 | 101 £46 | 94247 | 105448 | 119466 | 92+45 | 97251 91+46 | 91444
::Ze:r'::::f"' efpiemie 20 1 04 16 25 32 42 34 26

*Hodnoceny fsou pouze hypoglykemie potvrzend mérenim glukometrem
M50 = smérodatnd odchyika

***Primeérnd hodnota ze viech namérenych glykemii ad zacdtku pouZivdni systému v obdobich mezi jednatlivymi odbéry HbA,_
T Pocet méfent glykemii/den od zadditku pouzivdni systému v obdabich mezi jednotiivymi odbéry HBA,

0Obr. 3. Ukdzka 3dennibo tabulkového vystupu z Diani zndzorfujicl hodnoty glvkemil (GLYK), macZstuf sacharidd (SACH), ddvky inzulinu (INZ) a poctu
krokl za hodinu (KROKY), systém umoziuje | uloZenf pozndmek k fyzické aktivité (AKT). Barevné jsou zndzornény hodnoty v cilovém rozmez! (zelené) a

mimo ngj (Cervené a Zfuté)
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likrdt k poruse spojeni mezi mobilni aplikaci a hodinkami Pebble, chyba
se objevila i pfi upgradu mobilni aplikace. Potize byly rychle feseny
on-line piistupem do systému. Pacient chee systém | nadale vyuzivat.

Diskuze

Pouziti systému pfineslo vyrazné zlepieni hodnot HbA,_(pokles pri-
méme hodnoty HbA o 15 mmol/mol, rezdil mezi nejvy$si hodnotou
Jeho pouZit! byl 28 mmol/mol), v pribéhu pouZivani sysiému hednota
HbA,_nikdy nestoupla nad hodnotu vstupni. Za zlepéenim vidime ve
shodé s pacienterm moznost presngjéiho pohledu na hodnoty glykemie
ve vztahu k dévkam inzulinu, mnozstvi sacharidl v jidle a fyzicke ndmahy.
Tomu odpovida i to, ze diky této moznosti pacient méfil glykemie v pribéhu
uzivani systému tak, jak se s nim szival, s nardstajic frekvenci a dle svého
wyjJadfeni podstatné Zastéji nez v obdobl pred jeho pouzitim.

VY pribéhu sledovani je patrny vzestup Cetnosti dokumentovanych
hypoglykemif (analyza zédznamd z glukometru), jejiZ zmény negativné
korelovaly s poklesem hodnot HbA, . Z klinického hlediska se tato Cet-
nost pohybuje v Sirsim rozpéti obvyklych hodnot, nicmeéné edukace
o prevenci hypaglykemii je u tohoto pacienta ]isté na misté

Pacient sam hodnot! pfinos systému pro [é¢bu svého onemocnént
vysoce pozitivng, drobné technické potize, kleré byly vZdy vyfeseny
on-line, ho nijak necbtézovaly a chce v jeho uZivani pokracovat,
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Abstract

Background: Despite the fact there are many wearable and mobile medical devices that enable patients to better self-manage
their diabetes, not many patients are aware of all the options they have. In addition, there are those who are not fully satisfied
with the devices they use, and those who often do not use them effectively.

Objective: The study aimed to propose possible changes to the combination of devices used by 6 specific patients for diabetes
self-management, We assessed the suitability of selected technical devices for diabetes control,

Methods: Data of 6 patients (3 men and 3 women) with type | diabetes mellitus, who had been using the Diani telemedicine
system for at least 3 months, were analyzed. The suitability of selected technical devices for diabetes control was ascertained
using the data obtained via the Diani telemedicine system, as well as the patients’ subjective feelings and statements, their everyday
life habits, and self-management of diabetes. Informed consent was signed and obtained from each of the patients included.
Results: Each of the presented case studies describes how a given patient handled the system and its specific components based
on his or her lifestyle, level of education, habits related to diabetes management, personality type, and other factors. At the
conclusion of ecach case study, the best composition of devices for patients with similar personal descriptions was suggested.

Conclusions: We believe this study can provide relevant guidance on how to help particular patients choose the technology
that is best suited for their needs, based on the specific patient information we arc able to obtain from them. Furthermore, clinicians
or educators should be awarc of available tcchnologics a given patient can choose from. In addition, there is a substantial nced
for proper patient education in order for them to cffectively use devices for diabetes sclf-management.

(JMIR Mhealth Uhealth 2019;7(7):e11527) doi: 10.2196/11527

KEYWORDS

type 1 diabetes mellitus; technology: self-management; wearable clectronic devices; education; telemedicine

: stopping the progression of these complications is associated
Intl'OdUCtIO.’? with sufficient diabetes control, that is, maintaining blood
Background glucose values within the recommended targets.

Diabetes mellitus is a metabolic discase associated with the Despite the fact that various types of mobile and Web apps,
development of chronic complications. Slowing down or Wwearable medical or fitness devices, and telemedicine solutions
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are being developed to help achieve the goals of diabetes control
[1-5], not many patients are aware of all the options they have
or are not fully satisfied with the devices they use and, besides
that, they often do not use them effectively [6-10].

This is because of the lack of (1) time clinicians can spend with
patients during consultation and (2) the information about all
the technological possibilities [11-13]. Therefore, patients are
often provided with a device without an option to make a choice
for themselves or detailed consultation about both its proper
use and the option that would fit them the most.

However, it is very important to learn from how different types
of patients use a given technology to understand what does truly
help them in their self-management, what increases their
adherence, what arc their preferences, or otherwise, what arc
the drawbacks and limitations that keep them from using the
technology itself. A deeper understanding of a patient’s needs
and abilities with respect to the self-management can help us
to both tailor a given device for a particular group of patients
and assemble the set and types of devices that comply with a
patient’s needs the most.

Objectives

This study aims to analyze the way of using different
combinations of technologies for diabetes self-management in
6 specific patients with type 1 diabetes mellitus (T1DM) and,
based on such an analysis, to propose possible changes in such
combinations that would improve patients’ overall satisfaction
and adherence to its use.

Methods

Aim

The study aimed to analyze the suitability of selected technical
devices for diabetes control based on data obtained via the Diani
telemedicine system, patients’ subjective feelings and
statements, their everyday life habits, and self-management of
diabetes.

Inclusion Criteria

The inclusion criteria were adults with TIDM for a duration of
at least 1 year who had used the Diani telemedicine system for
at least 3 months; completed a minimum of 2 consultations with
the doctor and the technology cducator, that is, before and 3
months after the system usc; and shared information about their
daily regimen, seclf-management, and cxperiences with
diabetes-related technologies so far during the consultations.

Study Sample

The study included 6 patients (3 men and 3 women with average
age of 43 [SD 23] years) with TIDM for a duration of at least
| year, using specific combination of devices and having an
experience with the Diani telemedicine system for 3 months
(n=3), 6 months (n=1), or 4 years (n=2) in different times for
the last 4 years. All the participants were of Czech nationality.

Collected Data

The data obtained from the Diani telemedicine system included
blood glucose values transferred from a connected glucometer

https:{/mhealth jmir.org2019/7/11527¢
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and a continuous glucose monitor (CGM), step counts collected
via an activity tracker in 1-min intervals, and carbohydrate
intake (in grams) and insulin injections manually registered in
a connected mobile app.

Telemedicine System

The Diani telemedicine system is being developed under the
university project of the First Faculty of Medicine (Charles
University in Prague) and the Faculty of Biomedical Engineering
(Czech Technical University in Prague). The system consists
of wearable technologics, namely an activity tracker, a blood
glucose meter, a diabetes diary mobile app, a smartwatch, and
a Web app into which all the data from the wearables arc
synchronized automatically. The blood glucose meter transfers
measured glucose values into the diary mobile app via
Bluetooth. The data from the activity tracker are synchronized
via smartphone as well. Using the smartwatch, the user can not
only track his/her last data registrations about blood glucose,
carbohydrate intake, insulin dose, and physical activity (PA)
but can also use the watch to make these registrations, which
are then transferred to the mobile app via Bluetooth [14].
Occasionally, some of the patients may wear the CGM that
enables them to transfer data to the Diani Web app (see
Multimedia Appendix 1) either automatically (using the xDrip
device, The Nightscout Project) or manually (uploading the raw
data file through the Diani Web app) [15-18].

Patient Instructions

Before using the system, cach of the paticnts was properly
instructed by a technology cducator on how to opcrate cach of
the system components, and they were free to decide which data
and how frequently they want to enter the data into the diary.
The patients could choose not to use any of the devices if they
felt uncomfortable using them.

Before starting to use the system and during the monitoring
phase, the patients took part in interviews with a doctor and the
technology educator about their daily regimen, technology
capabilities, life preferences, and similar topics. The technology
educator was also tracking patterns of handling the devices
while educating the patients on how to use them, During the
phase in which the patients were using the system in their daily
life, the educator was also monitoring their behavior of entering
and collecting the data via the Diani Web app. These types of
interventions represented the most important approaches to get
relevant feedback about the usability of the system.

The study involving human participants was conducted in
accordance with the Helsinki Declaration and has been approved
by the ethics committee of the Motol University Hospital in
Prague. Informed consent was signed and obtained from each
of the patients included.

Qutcomes

The outcomes included glycated hemoglobin (HbA ) obtained
from the patient’s records of histher caregiver, the average
number of data registrations, and the frequency of
hypoglycemia.

IMIR Mhealth Uhealth 2019 | val. 7 |iss, 7| e11527 | p. 2
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Results

Data Analysis

A total of 6 patients who met the criteria for the intervention
were analyzed, based upon the collected data and individual
face-to-face consultation.

General description of cach patient can be seen in Table 1. The
results from data cvaluation arc shown in Tables 2 and 3.

Case Series

Each of the following 6 case series describes how a given patient
was handling the system and its particular components based
on his/her lifestyle, level of education, manners in diabetes
management, personality type, and other factors. At the end of
each case study, we then propose the best composition of devices
for patients with similar personal needs.

Table 1. Demographic and baseline characteristics.

Ptiloha ¢.7
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Case Study 1

Patient Information

A 45-year-old woman was diagnosed with TIDM in 2013, and
since then, she has been on multiple daily injection (MDI)
insulin therapy. Besides her diabetes, she is not suffering from
any other diseases or diabetes complications.

Daily Regimen and Self-Management

This patient performs PA such as cycling, workouts in a gym,
and others for 2 to 4 hours daily. Being a tcacher with a stable
daily schedule, she can include regular PA into her daily
activities.

To keep her blood glucose within the target range and maintain
a slim figure, she maintains a lower carbohydrate diet
(approximately 100 g/day) and healthy food intake, besides the
PA performance. She is able to maintain her blood glucose
mostly within the target range, with a very rare occurrence of
clinically important hypoglycemia [19] (see Table 3). The only
problem she has is that of higher blood glucose levels at night
probably caused by the later effect of fatty cheese and nuts she
is used to eating later in the evening,

Paticnt#  Gender Age (years)  Type | disbetes mellitus Current therapy  cGM® use experience for the last 1 vear Duration of Diani
duration (years) regimen (patients” subjective evaluation) syslem use

1 Female 45 3 MDIP Few times a year 3 months

2 Female 29 13 CSI® Full time 6 months

3 Female 24 19 Csn Full time 4 years

4 Male 27 26 CSlt Few times a year 4 years

5 Male 45 4 MDI None 3 months

6 Male 87 36 MDI None 3 months

ACGM: continuous glucose monitor.
PMDI: mul tiple daily injection.

CSII: continuous subcutaneous insulin infusion,

Table 2. Data obtained from 3-month period of using the Diani system.

Patient#  Number of days Average number of

with continuous

Average number of
sclf-measured blood  carbohydrate regis-

Average number of
insulin registrations

Average number of
physical activity registra-

Average number of

step counts per day®

glucose monitor ghicose per day® trations per dayb per dayb tions per dayh
1 18 4.4 55 4.1 1.47 14,367
2 72 58 3.6 3.8 0.34 9309
3 30 6.6 1.4 1.6 0.18 10,888
4 6 4.3 2.0 5.1 0.60 10,350
5 0 25 0 29 0.03 4299
6 0 32 0.6 04 0.05 _e

Measured values automatically transferred to a connected mobile app.
®Data manually registered to the diabetes diary mobile app.

“Missing data.
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Table 3. Glycated hemoglobin (IbA ) values and frequency of hypoglycemia.

Patient # HbA | before using  HbA | after 3 HbA | after 6 HbA | after4 years’ Average number of  Average number of
the system months’ experience  months’ experience  experience SCIf’me‘Suer hypo- sclf—mc.asurcd hypo-
(mmol/mol) {mmol/mol) (mmol/mol) (mmol/mol) glycemia <3.9 glycemia <3.0
mmol/L per week mmol/T. per week
during the first 3- during the first 3-
month period month period
1 51 48 _a 2.6 0.08
2 65 54 47 = 4.8 0.38
3 66 63 69 47 57 1.03
4 78 62 69 54 44 1.91
5 63 54 — st 0.6 0.07
6 67 71 — — 1.3 0.78

"Not applicable,

Patient’s Attitude to Technology

Since the last year, she has been using 3 sensors for CGM
monitoring, but besides that she has relied on self-measured
blood glucose (SMBG) alone. Considering her higher
cducational level and age, she is familiar with using a
smartphone and wearable technologics and has no problem to
intuitively and quickly learn how to operate a new mobile app
or a device for self-management. She has no problems wearing
an activity tracker on a full-time basis (during the day and at
night). She is also conscientious with respect to registering data
into the diabetes diary app (see Table 2) and regularly reviews
her data via both mobile and Web apps. She is used to discussing
her diabetes difficulties with her clinician, using collected data.
Many of these features can be seen on a 1-day graph (Figure 1)
representing her regular day.

However, what troubles her are devices that are uncomfortable
to wear when performing PA (for this reason, she was not
willing to use the smartwatch) or treatment-related devices that
are visible to other people. She tends to conceal her disease
from the people around her very carefully and makes any
treatment actions as discreetly as possible. Therefore, she fully
refuses to use an insulin pump and prefers to inject the insulin
with a pen in private areas (despite the usefulness of flexible
dosing during PA that the insulin pump could enable her). She
is willing to wear the CGM scnsor only in places that arc not
visible behind the clothes from the outside.

The biggest benefit she gained from the telemedicine system
after she started to use it was that she realized her blood glucose
was affected by certain foods and drinks which she had not been
covering with insulin dose. Another new information was a
postmeal spike after a larger portion of carbohydrate intake,
which was connected to a too short time span between the
insulin dose and carbohydrate intake. In the long run, she can
benefit from controlling her stable total daily dose of
carbohydrates and total daily step count, in addition to the blood
glucose measurements. By tracking her daily step counts and
intensity of PA for a specific sport, she was able to compare

https:{/mhealth jmir.org2019/7/11527¢

RenderX

her activity level with other friends. The knowledge that there
had been nobody who would make a better performance made
her feel even more motivated to continue in such regimen.
‘Wearing a CGM helped her mainly to control her blood glucose
during PA and discover the postmeal spikes. The receiver
clipped on her pants did not represent any obstacle for her.

Suggestions for the Optimal Combination of Devices

The ideal tailored system for this type of patient could be a
combination of devices that would transfer all the data into a
mobile app or display the values on a screen of devices, which
would not represent a stigma for them or be visible to the people
around them. A thin wristband sensor for tracking activity and
a sensor for glucose control would certainly be a good choice.
No frequent notifications or alarms from the data analysis would
probably be necessary, as this patient is able to review the data
regularly, The alarms coming from the CGM system would
need to be in vibration mode only to comply with the discretion
requirements. Another option could be switching for a flash
glucose monitoring, which would be a secret form of data
capturing in case the patient would not mind not receiving
alarms at night and could wear it on alternative places of the
body. The implantable sensor could also work il being implanted
in places, which the patient could cover with summer clothes.

Regarding the insulin therapy, insulin pen treatment still seems
to be an option complying with the patient’s requircments
because of her rejection of wearing an insulin pump. However,
improvement in this arca could be at least a pen cnabling to
transfer data to a mobile app via Bluetooth. As the patient is
capable of operating digital technologies, we could also try to
shift her to a patch pump therapy, if that would be acceptable
for her to wear, rather than the traditional pumps with tubing.
She could then effectively reduce nighttime highs using a
squared bolus or temporary basal rate settings for the high-fat
snacks intake she has a difficulty to control.

A personal account for a Web app connected to a clinician’s
account for automatic data synchronization would be a matter
of course.

IMIR Mhealth Uhealth 2019 | val. 7 |iss, 7| e11527 | p. 4
(page number not for citation purposes)



™7

JMIR MHEALTH AND UHEALTH

Ptiloha ¢.7

Holubova et al

Figure 1. Graphical interpretation of 1-day data registrations of the patient from case study 1, visualized by the Diani Web app. In the picture, we can
observe patterns, such as the low-carbohydrate intake, high intensity of physical activily, and higher glucose values during the night. CGM: continuous

glucese monitoring.

mmo/L

Optimum

31, Jan 2. 4:00

@ Blood Glucose [mmol/L]

steps

Activity [steps/15 min]

Average blood glucose
per day [mmol/L]

1/31/2018 4.9

Total carbohydrates
per day [g]
1/31/2018 67.0

Case Study 2

Patient Information

A 29-year-old woman has T1DM since 2005, and she has been
on continuous subcutancous insulin infusion (CSII) regimen
since 2013. Besides her diabetes, she is not suffering from other
discases or diabetes complications. She is preparing for
pregnancy.

Daily Regimen and Self-Management

This patient is specific in her motivation to improve her HbA
because she is planning for pregnancy. Being a high school
teacher, her daily program is stable and regular. Some

https://mhealth.jmir.org2019/7/¢11527/
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Carbohydrates [g] @ Insulin [1IU]

Total insulin Activity
per day [IU] [steps/day]
1/31/2018 7.0 1/31/2018 17811

unexpected changes in her schedule or emergencies can,
however, occur occasionally. These events mostly influence
her ability to eat regularly and on time. She is used to
maintaining a healthy food intake, but to a certain extent, she
has to adapt to the menus at the school canteen during
lunchtimes.

She likes walking a lot and she goes for a long walk cvery day,
if the time allows her to do so. She is also educated in flexible
dosing of insulin and tries to make changes in her insulin dosing
herself based upon the collected data. From time to time, she
struggles with nighttime hypoglycemia, mostly induced by
evening walks.

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7] 11527 [ p. 5
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Patient’s Attitude to Technology

Regarding her technical abilities, she can learn how to use any
device easily if she gets sufficient instructions and can turn to
technical support or a more advanced person when she gets into
trouble, for example, with Bluetooth connection or unpaired
devices. She is a smartphone user, so any kind of mobile apps
do not pose any obstacle for her to install and use.

She is not concerned about how many devices she has to wear
or whether they are visible to the people around her. The
accuracy of blood glucose measuring devices is more important
to her than the design and size of the technology.

She has been on the CGM system full time since November
2017. At the same time, she started to use all the other
cquipment within the Diani system. She also took advantage of
sharing CGM data with her T1DM friend as another motivation
to achieve better blood glucosc results while being observed by
another person.

By wearing the activity tracker, she has been motivated to walk
more and compete with friends who track their daily steps as
well.

Regarding her manual registrations, she has entered her insulin
doses and carbohydrate information into the diary almost daily,
but some lack of data within a day or several days with a pause
of manual registrations occurs. She reviewed her historical data
more frequently at the beginning to identify problems that
caused her blood glucose fluctuations. Once she stabilized her
glycemia, she started reviewing the data only a few days before
the visit to her diabetologist. She always prepares for the visit
and downloads the data for the doctor.

The trend indicating her blood glucose improvement and the
way she collects the data can be seen in Figures 2 and 3.
Compared with Figure 2, we can see that the regular data
registrations are reduced after the average blood glucose has
stabilized.

Suggestions for the Optimal Combination of Devices

Ideal tailored system for this type of patient would certainly be
an insulin pump in combination with a CGM system that would
enable her to transfer data to mobile and Web apps. As we know
she experiences nighttime hypoglycemia, the flash glucose
monitoring would not be beneficial for her, despite the ability
to use it in combination with a smartphone. Knowing her strong
focus on device accuracy, the most accurate CGM device
enabled with alarm and data transfer to a mobile app might be
a good option for her blood glucose monitoring, Considering
her motivation while sharing data, a device having such a
function included would represent another preference point.
Regarding the type of a pump, she is not an exacting user and
uses its basic settings and functions (normal boluses, temporal
basal reduction, and 1 basal profile). The most convenient option
would ideally be a pump that can receive data from the CGM
device, m addition to the CGM data synchronization with a
smartphone. This would ensure both the ability of data sharing
and assurance of data transfer to the pump in case the
smartphone has weak signal or its battery level is low. If no
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such device is available to her, she could choose a pump that
is at least comfortable to wear, easy to use, enables to export
data for a doctor, and has good technical support.

Case Study 3

Patient Information

A 24-year-old woman was diagnosed with TIDM in 1999, and
she started with CSII therapy in 2002. She suffers from knee
pain because of patellofemoral dysplasia, which she was
diagnosed with in 2017. Besides that, she is not suffering from
other discases or diabetes complications.

Daily Regimen and Self-Management

This patient is a university student and, in addition, has a
part-time job. Therefore, her daily program is changing
frequently, and she is often busy with work until late evening.

As she struggles with a higher insulin resistance and
complications with her knees, she tries to reduce her weight by
decreasing her total daily carbohydrate intake and incorporating
different types of PAs in her daily program. From time to time,
she makes an exception in her regular dietary plan and takes a
high-carbohydrate food because she is able to anticipate the
majority of her postmeal spikes using her knowledge from the
CGM data. She is very well educated and able to keep her blood
glucose in a tight target range, mostly thanks to her regular
attendance of educational courses and CGM monitoring
throughout the whole year.

Patient’s Attitude to Technology

This patient is very interested in new wearable technology not
only for diabetes treatment. Wearing any kind of mobile
technology, even visible medical devices, is not perceived as a
stigma by her.

Being connected fulltime through her CGM device since 2017
and having the motivation to undergo educational courses, she
has learned a lot about how to make insulin adjustments based
upon the arrow trends and actual glucose readings on her CGM
system. Therefore, based on the trends, she gives herself
correction boluses or suspends the basal rate often, rather than
exactly counting carbohydrates in foods and reacting on
upcoming situations too much in advance (see Figure 4).

She is able to register data into the diary properly as far as she
has a good reason for doing so (eg, her blood glucose is
suddenly, for unknown reasons, out of her control) and has a
sufficient motivation (such as being pushed by her diabetes
friends).

To keep her blood glucose in a very tight target range, she sets
the hypo- and hyperglycemia ranges close to each other. This
naturally results in more frequent alarms coming out of the
CGM receiver, but it does not disturb her daily activities.
However, this becomes a problem during the nights when she
often does not hear the alarm and, thus, often does not wake up
because of unstable glycemia values. To cnsure that she wakes
up once the alarm goes off, she started te change the tones in
her new receiver settings every week onee she got the version
cnabling that.

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7] e11527 [ p. 6
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Figure 2, Graphical interpretation of 1-month data registrations of the patient from the case study 2, visualized by the Diani Web app. In the picture,
we can observe everyday data registrations, high daily step counts, and decreasing trend of average daily blood glucose.
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Although she is keen on trying new diabetes-related or fitness
devices, she often comes up against technical issues, especially
with her mobile phone. She uses many social media apps and
games, listens to music, and uses a navigation app when driving
a car, so she always needs an extra secure digital card and a
phone that enables her to always be online. Lack of signal to
connected devices is also a frequent issue she faces. Another
issue is the fact that she lost some devices in the past, which
were too tiny or not well fixed to her body, or the devices simply
stopped working because of unknown reasons. Besides that,
she is able to figure out most of the technical issues she
encounters.

Suggestions for the Optimal Combination of Devices

Knowing all this information, this patient would certainly benefit
from CGM technology and rely on its real-time values. Insulin
pump is also the most convenient tool for her. However, as we
know, losing the Bluctooth signal on her phone is a frequent
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issue. Therefore, she might benefit a lot from a pump that
displays blood glucose values directly en the pump. An even
better option would be a combination of displaying the data
both on the pump and on the phone (similar to the previous case
no. 2), as that would ensure the ability to arbitrarily change the
alarm tone on her phone, in addition to receiving the 1-tone
alarm from the pump. In connection to her ability to do her
correction boluses based upon the glucose values and trends
displayed on the pump, she could benefit from using a device
that would automatically suspend the dosing before her glucose
is predicted to reach a low level. It could help her to reduce
hypoglycemia incidents (see Table 2), especially when overdone
correction boluses occur. Considering a hybrid closed-loop
system, if available in patient’s country, this patient might have
trouble handling its automatic delivery function because she
might tend to manually interrupt its action mostly on high
glucose levels to assume control of the insulin corrections and
make the action faster.
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Figure 3. Graphical interpretation of 1-month data registrations of the patient from case study 2, visualized by the Diani Web app.
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Case Study 4

Patient Information

A 27-year-old man has T1DM since 1992, and he has been on
CSII regimen since 2002, He started using the Diani system in
July 2014, starting with the HbA ;. of 78 mmol/mol. Other than
a laser operation he underwent because of early manifestations
of retinopathy, he is not suffering from other diseases or diabetes
complications.

Daily Regimen and Self-Management

‘Working in an administration office, this patient has a mostly
regular working schedule. In his free time, he is physically very
active (performing regular PA, such as floorball and volleyball).
He is also very creative and likes gaming. He is a very
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competitive person when it comes to any games or sport
matches.

Regarding his eating habits, he often underestimates the timing
of insulin injection for meals and sometime takes boluses too
late. He also loves beer and is on a bit higher carbohydrate diet,
which causes frequent postmeal spikes.

Hetries to check his blood glucose regularly, but there are some
days with only 1 or no measurements.

Patient’s Attitude to Technology

This patient gets the sensor for CGM few times a year, but most
of the time, he relies on SMBG alone. He is very competent
technically and is able to learn, even intuitively, how to operate
new mobile apps or wearables. He is also able to solve common
problems with loss of connection and other minor technical
complications on his own.
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Figure 4, Graphical interpretation of 1-day data registrations of the patient from case study 3, visualized by the Diani Web app. In the picture, we can
notice variable activities during the day composed of 1 high-intensity physical activity at around 8 am and then frequent changes between sitting and
walking patterns. Regarding food intake, there are very different amounts of carbohydrates throughout the day. Patient’s reaction on blood glucose level
made by correction boluses is another typical pattern. CGM: continuous glucosc monitoring.
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Considering his competitiveness, he is using an activity tracker
all the time to set goals and compete with his friends in
daily/weekly step counts.

However, it is difficult for him to register data into the diary
manually. He is willing to enter more data when he gets
motivation from the outside that, in addition, is often updated
by some new stimulus. It can be a new tailored version of the
app or another app that has a game basis, but it can also be a
new device itself (a new /oy he can play with). With respect to
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the long-term motivation, the best chance for him to better
self-manage his disease is competing with his diabetic friends.

Figures 5 and 6 show the difference between the phase when
he was not wearing the activity tracker and the period after he
got the new device.

Although he uses just basic functions of his insulin pump, he
has no preblem to operate any kind of device and could benefit
from meore advanced functions (eg, square wave or dual wave
bolus, bolus wizard) in case he got proper education in diabetes
management.
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Figure 5, Graphical interpretation of 1-month data registrations of the patient from the case study 4, visualized by the Diani Web app. In the picture,

we can observe irregular data registrations and high blood glucese variability.
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Suggestions for the Optimal Combination of Devices
Considering all these aspects, patients similar to this one might
try to use, for example, a mobile app that is gamesome, includes
functions for setting challenges, and enables users to take
advantage of coaching services through a certified diabetes
educator to increase the level of education in self-management
issues. This patient might also be a good candidate for a hybrid
closed-loop system, as it could reduce the burden of frequent
blood glucose control and reduce the postmeal spikes caused
by his eating habits and incorrect bolusing time.

If the hybrid closed-loop system is not accessible, we could
consider a pump that suspends before low (it means the insulin
delivery is stopped when low blood glucose limit is predicted
to be reached within certain time). This could, in addition to
other benefits, reduce hypoglycemia incidents, especially during
PA. However, if the chosen pump is susceptible to falls and
hits, the silicon case should be in place to protect the device
while performing competitive sports.
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Case Study 5

Patient Information

A 45-year-old man was diagnosed with TIDM in 2014, He has
been on an MDI regimen right from the onset of the disease.
Apart from diabetes and arterial hypertension, he is not suffering
from other diseases or diabetes complications.

Daily Regimen and Self-Management

The patient has an irregular working regimen because of his
frequent nighttime shifts. However, he performs PAs (walking,
cycling, and working out) regularly and more than twice a week.
He is used to complying with a fixed daily insulin dosing and
tries to do proper carbohydrate counting using the nutrition
tables on food packages.

Patient’s Attitude to Technology

Before starting to use the Diani system, this patient had never
used any mobile or Web app for diabetes self-management.
Therefore, the only data he could check were the values
displayed on his glucometer, which he had never reviewed
before.

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 |e11527 [ p. 10
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Figure 6. Graphical interpretation of 1-month data registrations of the patient from case study 4 afier the patient got the activity (racker. The frequency
of data registrations has increased, and the average blood glucose has decreased significantly compared with the average blood glucose trend in Figure

5

mmo/l

Optimu® o ° e .

18. May 20. May 22. May 24.May 26.

3.Jun 5. Jun Jun

® Average per day Blood Glucose [mmol/L]

8k

steps

|I|}||||I||.
22. May 24. May 26.Ma

May 28.May 30.May

1. Jun

Activity [steps/day] @ Physical activity

However, he had no problem with handling the smartphone and
learning how to work with the mobile app and make data
registration. He only had some minor issues when connecting
the smartwatch to his phone at the very beginning, which he
was able to manage on its own quickly once he got the proper
instructions for the device pairing process.

The diabetes diary mobile app was the most beneficial tool for
him as it was very easy to operate, the data were displayed in
a well-arranged way, and the app was in his native language,
Reviewing his data, he was motivated to achieve better results
(changes in average blood glucose trends can be observed when
comparing Figures 7 and 8). He was very happy about the
automatic transfer of data from the glucometer to his phone.
Insulin doses were, with the exception of a few PA comments,
the only data manually registered by him (see Figures 7 and 8).
On the basis of the last consultation, this patient feels much
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better both physically and mentally, and his quality of life has
improved appreciably. He would also be willing to pay a
monthly fee for the telemedicine service.

Suggestions for the Optimal Combination of Devices

As we can see, the patient was satisfied with the set of devices
he was equipped with when using the telemedicine system. As
an improvement, we could suggest to him to use an insulin pen
that enables automatic transfer of data to the same mobile app
into which the data from his glucometer are sent. Potentially,
we could discuss how acceptable it would be for him to switch
to an insulin pump that would be connected to a blood glucose
meter and transfer the measured data to a user-friendly mobile
app. The app should also have a bolus calculator and connected
food database included to help him to better manage the
carbohydrate counting.
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Figure 7. Graphical interpretation of 1-month data registrations of the patient from case study 5, visualized by the Diani Web app. We can observe the
decreasing trend of average daily blood glucose during the first month of using the telemedicine system.
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on the diabetes self-management. He is extremely motivated to
Case Study 6

Patient Information

An 87-ycar-old man was diagnosed with TIDM in 1982, and
he is still on an MDI regimen and SMBG measurement only.
He suffers from diabetic peripheral polyneuropathy because of
which his hands shake slightly, and he complains of leg pains,
for which he takes the prescribed pills. He also suffers from
diabetic retinopathy, proteinuria, corrected arterial hypertension,
and hypercholesterolemia.

Daily Regimen and Self-Management
This patient is retired and as such has a very regular daily
regimen and lots of free time he can spend on his hobbies and

https://mhealth.jmir.org2019/7/¢11527/
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RenderX

learn new things and still has lots of energy to try or read about
new methods in diabetes care. Thanks to his caring wife and
his own carefulness and sense of precision, he has been keeping
his paper-based diabetes records since the onset of his disease.
He has read most of the diabetes books available in his native
language and made notes about any unusual information that
could help him to better self-manage the discasc. He also
performs daily PA (everyday walking, gardening, and working
in his workshop). He was not used to checking his blood glucose
regularly before he started to use the telemedicine system (1.7
times per day on average, calculated from 3-month records in
his glucometer measured before he started to use the
telemedicine system).
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Figure 8, Graphical interpretation of 1-month data registrations of the pati
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ent from case study 5 afler 2.5 months of using the telemedicine system. We

can see the data registrations are more regular than those in Figure 7, and the average blood glucose has decreased and stabilized.
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Patient’s Attitude to Technology

He has already tried multiple types of activity trackers in the
past. The device motivates him to maintain regular PA (walking
or gardening). He is also able to use a personal computer to a
certain extent, that 1s, for surfing on the internet, sending emails,
and using Skype.

For him, the biggest problem he faced with the telemedicine
system was that he had never used a smartphone before.
Therefore, he first got the phone only to learn how to switch it
on and oft and how to open the diabetes diary app and use it.
After a month, he came back to get the rest of the devices. As
he only had a cable internet connection at home, he also gota
subscriber identity module (SIM) card with prepaid data with
the phone. Despite his efforts to handle the phone, he often had
problems with operating, charging the devices, and losing the
internet connection.

https://mhealth.jmir.org2019/7/¢11527/
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As he suffered from neuropathy, it was also difficult for him to
handle the touchscreen because his hands were shaking, and he
often clicked on more than 1 button at the same time or on the
wrong onc. This led to a wrong data entry (sce Figure 9) or
frequent calls to the technical support when getting to a page
he did not know how to get out of. Thus, he spent more time
dealing with technical issues than using the system effectively.

Suggestion for the Optimal Combination of Devices

In summary, besides the activity tracker that is simple to use
even for an elderly person, the rest of the system is not a suitable
solution for such a patient.

Another possible help could be occasional phone call checkups
made by some diabetes educator to increase his adherence to
regularly checking his blood glucose or connection to a remote
assistance service that would track and control the patient via
a smart device (SIM card and global system for mobile
communication module based) and react in case of emergency.
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Figure 9, Graphical interpretation of 1-day data registrations of the patient from case study 6. We can see some accidentally duplicated or zero values

because of the patient’s inability to operate the mobile app.
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Discussion

Principal Findings
It is obvious, based on the case studies presented here, that there

is no one-size-fits-all diabetes self-management tool, which
would fully satisfy the needs of each particular patient.

To be able to give proper advice about the type of device that
would be the most suitable for a given patient, specific
information about the person is required. Such information
includes, in particular, the patient’s personality, his/her technical
skills, daily regimen, his/her attitude to diabetes, obstacles in
diabetes management, preferences in data visualization and
devices’ functionalities, willingness to learn new things, and
motivational means that could help him/her use any system
effectively and on a long-term basis.

From the case series, we could learn that a physically very active
patient, who tends to conceal the disease from public, could
only benefit from a technology that would not represent an

https://mhealth.jmir.org2019/7/¢11527/
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obstacle when performing PA and would not be visible from
the outside. On the contrary, there are patients who do not have
any problems wearing any kind of devices and of any size, as
far as the system is reliable and sufficiently accurate.

Although some patients would benefit from automatic functions
of the most advanced pumps that suspend the insulin delivery,
or work in hybrid mode, ecnabling them to reduce their
hypoglycemia incidents and correcting their mistakes in
bolusing, there are other patients for whom this system could
be rather burdensome. These are patients who need to have their
dosing under control, do not trust the system, and do not have
the will to wait until the system corrects their blood glucose
spikes.

Technical abilities, educational level, and age can also play a
dominant role in technology acceptance and its use. Obviously,
there are certain limits indicating that a given patient would not
be able to operate some systems, even if proper education and
technical support were provided,
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(puge number not for citation purposes)



JMIR MHEALTH AND UHEALTH

Motivational tool embedded into technology is more related to
a patient’s personality. It can be, for example, the ability to
share data with other patients/users or compete with friends
who constantly push a patient to achieve good results, a function
that is gamesome, or even just the ability to review data from
the given device that proves to the patient that he or she is doing
well or has achieved exceptional results.

It is also very effective to observe how patients handle a given
technology in the present and after they get a new one and to
check the data they collect regularly to learn more about their
daily regimen, self-management, and potential changes in data
entry and frequency of data registration over the long term.

With respect to the effect of the telemedicine system on patients’
self-management and blood glucose value improvements, we
can sce a reduction in HbA |, values in all but 1 of the 6 paticnts.
However, because the patients were using the system in different
periods of time, and because there could also be other factors
that were not tracked but could have an impact on HbA
reduction, we cannot attribute this effect to our system only.
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Conclusions

We believe this paper can provide relevant guidance on how to
help particular patients to choose the best technology that is
likely to suit them the most based on specific patient information
we are able to obtain.

The input information we get about a patient represents one of
the sources clinicians or educators can use to help a given patient
to find the optimal combination of devices for diabetes
self-management. Furthermore, clinicians or educators should
be aware of available technologics a given patient can choose
from. In addition, to achicve an effective usc of chosen devices,
there is a substantial need for proper cducation of the patients
before they start using them.

Furthermore, with the rapid development of new and more
advanced technological solutions (ie, hybrid and closed-loop
systems), educators specialized in technical-related arcas of
diabetes management are needed to help with such
customization and technical support of patients.
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Systém pro telemonitoring fyziologickych parametrii a reZimovych opatieni pacienti
s diabetes mellitus

Oblast techniky

Vynélez spada do oblasti technologii méfeni pro diagnostické ucely, jakoZto 1 systémy pro ptenos
méfenych hodnot.

Dosavadni stav techniky

V soucasné dobé se stéle Castéji hovoii o epidemii diabetu — Svétova zdravotnicka organizace
uvadi, Zze v roce 2014 trpélo 8,5 % lidi onemocnénim diabetes mellitus, celkem 422 miliont lidi na
sveté. Narist onemocnéni s sebou pfindsi vedle snizené kvality Zivota pacienta i nardst finan¢nich
nakladd pro zdravotni systémy stati. Snahou pfislu§nych zdravotnich autorit je tedy minimalizovat
dopady nemoci jak pro pacienta, tak na systém jako takovy. Projevem onemocnéni je zejména
neschopnost organismu udrzet hodnoty glykémie v mezich normy. To pfinasi zdravotni rizika pro
pacienta, nebot’ glukdza je ve vySsich koncentracich pro télo toxickd a v dlouhodobém horizontu
miize vést k poSkozeni nékterych organii 1 k selhani jejich funkce. Ptedejit vzniku rizikovych
faktorii lze zdravymi dietnimi navyky, zapojenim pravidelné fyzické aktivity a zachovanim
normalni télesné hmotnosti. Pii kompenzaci diabetu je uréujici koncentrace glukézy v krvi
(glykémie), pfijem sacharidii v potravé, davky inzulinu a jinych antidiabetik a intenzita fyzicke
aktivity. Z tohoto ditvodu je potfeba tyto parametry dlouhodobé sledovat a vyhodnocovat.

Pro méfeni hladiny glykémie se b&Zné vyuzivaji glukometry - piistroje méfici hladinu glykémie
z kapilarni krve. Dalsi moZnost nabizi kontinualni monitory glykémie (CGM) - zatizeni mékici
glykémii v nékolikaminutovych intervalech, které umozhuje pacientim reagovat na aktudlni
hodnoty glykémie i jeji trendy — tj. sniZovéni & zvySovani glykémie. Zatizeni obsahuje také alarmy
varujici pfed rizikem klinicky zavaZné hypoglykémie ¢i hyperglykémie. Hodnoty glykémie jsou
méfeny z podkoZi pomoci zavedeného sensoru, k némuz je pfipojen vysila¢. Ten kazdou hodnotu
zméfenou skrze senzor vysle bezdratoveé do piijimace, ktery naméfené hodnoty v redlném ¢ase
vykresluje do grafu.

Lécba diabetu se 1i8i v souvislosti s typem a zavaznosti onemocnéni. Pacienti mohou v uréitych
piipadech zménit pouze Zivotni styl (pohyb, stravovaci navyky apod.), pfipadné 1¢¢bu doplnit
peroralnimi antidiabetiky ¢i  aplikaci  inzulinovych davek (diabetes mellitus 2. typu).
intenzifikovany inzulinovy rezim doprovizeny piisnym stravovacim reZimem. Inzulin lze
aplikovat prostfednictvim inzulinového pera ¢i inzulinové pumpy. Pro zdznam pfijmu sacharidi
v potravé a davek inzulinu lze vyuZivat samotnych zafizeni, piipadné rizné formy diabetického
diafe, napt. mobilni aplikace v chytrém telefonu.

Na podporu a registraci fyzické aktivity maji velky potencidl tzv. ,Electronic Activity Monitor
System* (EAMS) — bezdratové zafizeni, které objektivng méii fyzickou aktivitu a provadi zpétnou
vazbu, napt. formou zobrazeni zakladnich informaci o ¢innosti, a které pomoci displeje nebo
prostiednictvim aplikace vzbuzuje neustdlou sebekontrolu aktivniho chovani. EAMS oproti
klasickym zafizenim zaznamendvajicim fyzickou aktivitu (krokoméram) piinaseji svému uZivateli
rozsifené funkce tykajici se zejména individudlni zpétné vazby a moznosti sdileni vysledki na
socialnich sitich.

P# kompenzaci onemocnéni jsou v poslednim desetileti stale vice vyuzivany telemedicinské
systémy. S pomoci telemonitoringu ziskavaji [¢kari podrobnd a hodnotna data i v realném case.
Vzdalena monitorace ovliviiuje postoje a chovani pacientii a potencialng tak zlepsuje jejich
zdravotni stav. Telemonitoring mé pro pacienty motivaéni a vzd&lavaci efekt, umoZiiuje téz 1ékafi
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v&asngji arychleji vyhodnocovat vysledky l1é¢by. Telemonitoring je zaloZen na komunikaci
odesilatele s prijemcem v redlném Case, kdy je umoznéna okamzita reakce zdravotnika na podnét
pacienta. Pacient vyuziva pro kontrolu biologickych parametrii interaktivni zaiizeni, které pomoci
internetu pfenasi data k I1ékafi. Ten je vyhodnocuje a voli dalsi postup. Aby byl telemonitoring
uéinnym nastrojem pii 1écbé onemocnéni, nesmi jeho pouzivani pacienta nad miru fyzicky,
psychicky ani ¢asoveé omezovat.

Telemedicinsky systém nabizi pacientovi nastroj, jak zvladat své onemocnéni 1épe, efektivngji
a diskrétndji. Ugelem telemedicinského systému je piedchdzet vzniku kritickych stavii, ato
nastavenim spravné kompenzace onemocnéni, a zjednodusit denni Zivot pacienta tak, aby nemusel
neustale myslet na své onemocnéni, a piitom mél svou [é¢bu pod kontrolou bez dalsiho zatizeni.
Snahou je eliminovat psychickou zatéZz pacienta plynouci ze strachu a stresu z moZnych
hypo/hyperglykémii nastalych v situacich, kdy bude napf. sam doma, nebo naopak mimo domov
a v piipadé, Ze tyto stavy nastanou, mu poskytnou alespoii vzdalenou podporu formou telefonické
kontroly pfipadné pfivolani prvni pomoci.

Pouze pravideln¢ a dlouhodobé pouzivani systému mize pfinést pozadovany efekt. Je potieba, aby
byl systém uzpilisoben pozadavkim uzivatelti pfi zachovani své funkénosti. Jeho pouziti musi byt
pro pacienta zcela automatizované, jednoduché a intuitivni, zp&tna vazba musi byt personalizovéna
aupravena dle potreby pacienta. Jeho pouziti nesmi pacienta obtéZzovat, ¢ vice zatéZzovat.
Telemedicinsky systém musi mit motivaéni charakter a posilovat psychickou pohodu pacienta
a zvysit jeho sebejistotu ve smyslu zvladnuti svého onemocnéni. Toho je tézké dosahnout, pokud
je nastaveni systému jednotné pro vSechny pacienty. S timto problémem se potyka vétSina
maobilnich zdravotnickych zatizeni a aplikaci s moZnosti sdileni dat. Nejcastéjsimi potiZemi, na
které pacienti nardzi, jsou obavy o nabourani kontinuity dosavadni zdravotni péce, postradani
osobni konzultace s 1ékafem, potiZe s dostateénymi technickymi dovednostmi, popiipadé obtizné
zaclenéni telemedicinského systému do bézného Zivota pacienta.

V soucasné dobé neexistuje systém, kiery by integroval viechna vySe uvedend zafizeni, spliloval

dané pozadavky a byl zaroven napojen na dohledovy pult, ktery by v pfipad¢ vyhodnoceni
mimofadné situace piivolal prvni pomoc.

Podstata technického feSent

Podstatou technického feseni je spojeni lokalniho systému monitorovani fyziologickych parametra
diabetikti se vzdalenym dohledovym pultem pro sledovani piekroceni maximdlnich ptipustnych
hodnot a upozoriiovani na rizikové stavy.

Technickym feenim je systém tvofeny spravujici slozkou, méfici slozkou a komunikaéni
infrastrukturou. Soucasti komunikaéni infrastruktury jsou taktéZ komunikaéni zafizeni blizkych
osob uzivatele (nouzovych kontaktd) a lékafe uZivatele, kterymi mohou byt chytré telefony,
tlac¢itkové telefony, klasické pevné telefony nebo osobni pocitace.

Spravujici slozka ma podobu vzdaleného serverového pocitate vybaveného modulem pro zdznam
dat propojeného s dohledovym pultem. Webovy server je dale pfipojen k osobnimu poditadi lekate
uzivatele, ktery jeho prostiednictvim miize nahlizet do databaze naméienych dat fyziologickych
parametr( uZivatele.

Metici slozka zahrnuje chytry telefon a/nebo chytré hodinky, piipadné také v podobé chytrého
naramku, sbirajici udaje o fyziologickych parametrech uzivatele (glykémie, tepova frekvence,
fyzicka aktivita) a reZzimovych opatfenich (mnozstvi aplikovaného inzulinu a konzumovanych
sacharid).

Ptiloha ¢.8
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Dohledovy pult ziskava data ze vzdileného serverového poéitaée s tim, Ze pfi dosazeni limitnich
hodnot sledovanych fyziologickych parametri chytry telefon upozorni uzivatele zvukovou
a vizualni vystrahou a dohledovy pult generuje a odesle SMS, e-mail ¢i telefonni hovor, a to dle
typu pripojenych komunikaénich zafizeni a dle preferovanych typi komunikace jednotlivych
blizkych osob uZivatele a lékare uzivatele.

Objasnéni vykresi

Obrazek ¢. 1 schematicky zobrazuje vazby mezi jednotlivymi slozkami systému.

Priklad uskuteénéni technického te§eni

Priklad uskuteénéni popisuje vyhodnou sestavu systému skladajici se z méfici slozky 1, spravujici
slozky 2 a komunikaé¢ni infrastruktury 3. M&fiei sloZka je tvofena monitorem 11 fyzické aktivity,
glukometrem 12, inzulinovou pumpou 13, vahou 14 a tlakomérem 15, pfi¢em# vSechny tyto
komponenty jsou pro pifenos naméfenych hodnot bezdritové piipojeny prostiednictvim WiFi
a Bluetooth k chytrému telefonu 100 s tim, Ze monitor 11 fyzické aktivity je k chytrému telefonu
100 ptipojen prostrednictvim chytrych hodinek 101. Chytry telefon 100 je bezdratové piipojen ke
spravujici slozce 2, ato konkrétné ke vzdalenému serverovému poéitadi 200 pro ukladani
namétenych hodnot, k némuz jsou prosttednictvim virtualni privatni sit€ piipojeny dohledovy pult
201 aosobni pocita¢ 31 lékafe uzivatele. Vzdaleny serverovy pocita¢ 200 obsahuje sbérnici
propojené moduly, a to modul tlozisté, modul vypocetni jednotky, modul fizeni, modul webového
rozhrani, modul komunikagniho rozhrani a modul zélohovaného uloZzisté. Dohledovy pult 201,
ktery obsahuje komunikacni rozhrani, zobrazovaci zatizeni, procesorovou jednotku, klavesnici
a ulozi§té dat, je prostiednictvim internetu a sluZeb telefonniho operatora pfipojen pro upozornéni
blizkych osob uzivatele alékafe uzivatele o prekroceni limitnich naméfenych hodnot ke
komunikaéni infrastruktufe 3, které sestava z chytrych telefoni, tladitkovych telefond, klasickych
pevnych telefon( a osobnich poéitaca blizkych osob a osobniho poéitace 31 I¢kafe uzivatele.

Primyslova vyuZitelnost

Systém pro telemonitoring pacienti s diabetes mellitus je primyslové vyuzitelny pro omezeni
vyskytu zdravi a Zivot ohrozujicich situaci s uzitim bézné dostupnych komponent.
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NAROKY NA OCHRANU

1. Systém pro telemonitoring fyziologickych parametrii a rezimovych opatfeni pacientii
s diabetes mellitus skladajici se z méfici slozky (1) zahrnujici chytry telefon (100), k némuz je
piipojen monitor (11) fyzické aktivity, glukometr (12), inzulinovd pumpa (13), vdha (14)
a tlakomér (15) a dale spravujici slozky (2} a komunikaéni infrastruktury (3) vyznacujici se tim,
ze spravujici sloZka (2) obsahuje vzdaleny serverovy poéitad (200), k némuz je bezdratové pfipojen
chvtry telefon (100) stim, ze ke vzddlenému serverovému pocitaéi (200) je prostiednictvim
virtualni soukromeé sité bezdratové piipojen dohledovy pult (201), ktery je spojen s komunikacni
infrastrukturou sestavajici z komunikacnich zafizeni blizkych osob uZivatele a poéitace (31) I1¢kare,
pii¢emz pogitaé (31) lékafe je soudasné prostiednictvim virtudlni soukromé sité pripojen také ke
vzdalenému serverovému pocitaci (200).

2. Systém podle naroku 1 vyznadujici se tim, Ze monitorem (11) fyzické aktivity jsou chytré
hodinky (101} nebo chytry niramek.

3. Systém podle naroku 1 nebo 2 vyznadujici se tim, Ze vzdaleny serverovy poéita¢ (200)
obsahuje sbérnici propojené moduly, a to modul tloZiste, modul vypocetni jednotky, modul fizeni,
modul webového rozhrani, modul komunikadniho rozhrani a modul zadlohovaného ulozisté.

4. Systém podle kteréhokoli z narokti | az 3 vyznadujici se tim, Ze dohledovy pult (201)
obsahuje komunikac¢ni rozhrani, zobrazovaci zatizeni, procesorovou jednotku, klavesnici a alozisté
dat.

5. Systém podle kteréhokoli z narokil 1 az 4 vyznadujiei se tim, Ze komunikac¢ni infrastruktura
(3) obsahuje alespofl jedno ze zafizeni vybranych ze skupiny chytrych telefond, tla¢itkovych

telefond, klasickych pevnych telefont nebo osobnich potitaci.

1 vykres
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Tabulka — Pfehled glukometri integrovatelnych do TS Diani, stav k roku 2022.
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.

Tabulka — Pfehled CGM a FGM dostupnych v CR, stav k roku 2023.
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