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Apstrakt: Cilj ovog istrazivanja je da se ispita primena vestacke inteli-
gencije (VI) u dijagnostici endokrinih poremecaja, sa posebnim osvrtom
na dijabetes i bolesti Stitaste zlezde. Vestacka inteligencija, posebno
algoritmi masinskog ucenja (ML) i dubokog ucenja (DL), pokazala se
kao klju¢na tehnologija u medicini, omoguéavajuci ranu dijagnozu i
preciznu procenu slozenih medicinskih stanja. Ovaj rad pruza pregled
trenutnih tehnoloskih re$enja, ukljuéujuci analizu ta¢nosti, osetljivosti i
specifi¢nosti razli¢itih Al algoritama, kao i njihovu efikasnost u poredenju
sa tradicionalnim dijagnostickim metodama.

Metodoloski, rad se oslanja na sistematican pregled dostupne literature
i studija slucaja koje analiziraju upotrebu algoritama kao s§to su konvo-
lucione neuronske mreze (CNN) i masSine sa podrskom vektora (SVM).
Rezultati pokazuju da Al alati pruzaju znacajnu prednost u odnosu na
klasi¢ne pristupe, s tacnosc¢u od preko 90% u identifikaciji klju¢nih bio-
markera i abnormalnosti u rezultatima laboratorijskih analiza. Posebno
je istaknuta uloga algoritama u personalizaciji dijagnosti¢kih protokola
1 optimizaciji toka lecenja.

Zakljucak istrazivanja naglasava potencijal vestacke inteligencije da
unapredi dijagnostiku endokrinih poremecaja i doprinese razvoju odr-
zivih, visokopreciznih reSenja u zdravstvenom sistemu. Istovremeno,
istiCu se izazovi, poput etickih pitanja, integracije u klinicku praksu i
neophodnosti standardizacije podataka. Buduéa istrazivanja trebalo bi
da se fokusiraju na optimizaciju algoritama i njihovu primenu u realnim
klini¢kim okruZenjima.
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UvOoD
Znacaj endokrinih poremecaja

Endokrini poremecaji predstavljaju sve veci globalni izazov u javnom zdravlju,
s obzirom na njihovu ucestalost i dugotrajne posledice. Medu najces¢im endokrinim
oboljenjima su dijabetes, poremecaji rada Stitaste zlezde, adrenalne insuficijencije i
poremecaji hipofize. Dijabetes, kao jedno od najznacajnijih stanja u ovoj grupi, pre-
ma podacima Medunarodne federacije za dijabetes (IDF), pogada preko 537 miliona
odraslih osoba Sirom sveta, dok se ocekuje da ¢e ovaj broj dosti¢i 643 miliona do
2030. godine [1, 2].

Ovi poremecaji imaju visestruke posledice, od metabolickih komplikacija do
kardiovaskularnih bolesti, koje predstavljaju vode¢i uzrok smrti u populaciji osoba
sa dijabetesom [3]. Osim toga, bolest Stitaste zlezde, kao Sto je hipotireoidizam,
moze ostati nedijagnostikovana godinama zbog nespecifi¢nih simptoma, §to po-
vecava rizik od ozbiljnih komplikacija, ukljucuju¢i neplodnost i neuropsihijatrij-
ske poremecaje [4]. Efikasna i rana dijagnostika ovih stanja igra klju¢nu ulogu u
prevenciji ozbiljnijih posledica, ali trenutni dijagnosticki alati ¢esto nisu dovoljno
brzi i pouzdani, ¢ime se otvara prostor za primenu inovativnih tehnologija poput
vestacke inteligencije [5].

Vestacka inteligencija u medicini

Vestacka inteligencija (VI) se ubrzano razvija kao kljucna tehnologija u mo-
dernoj medicini. VI obuhvata algoritme i sisteme koji omogucavaju racunarima
da analiziraju velike koli¢ine podataka, identifikuju obrasce i donose predikcije na
osnovu kompleksnih informacija [6]. Medu najvaznijim granama VI su masinsko
ucenje (ML) i duboko ucenje (DL), koje se sve ¢esce koriste za reSavanje problema
u medicinskim oblastima kao $to su radiologija, onkologija i kardiologija [7]. Na
primer, duboko ucenje, posebno algoritmi konvolucionih neuronskih mreza (CNN),
ve¢ se pokazalo kao izuzetno uspesno u analizi medicinskih slika, sa tacnos¢u koja
nadmasuje tradicionalne metode u dijagnostici [8].

Primena VI u oblasti endokrinologije ima ogroman potencijal. Na osnovu ana-
lize laboratorijskih podataka, biomarkera i medicinskih slika, VI algoritmi mogu
omoguciti precizniju i brzu dijagnostiku. Na primer, masinsko ucenje se koristi za
procenu nivoa glukoze u krvi, analizu varijabilnosti Secera u krvi kod dijabeticara i
predikciju komplikacija poput dijabeticke retinopatije [9]. U oblasti bolesti Stitaste
zlezde, algoritmi su uspesno kori§¢eni za identifikaciju abnormalnosti u ultrazvu¢nim
snimcima i procenu rizika od malignih promena [10].
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Ciljevi istrazivanja

Ovaj rad ima za cilj da istrazi primenu vestacke inteligencije u dijagnostici en-
dokrinih poremecaja i proceni njenu efikasnost u odnosu na konvencionalne metode.
Ciljevi istrazivanja ukljucuju:

* Analizu uloge algoritama vestacke inteligencije u ranoj dijagnostici i perso-

nalizaciji leCenja dijabetesa i poremecaja Stitaste zlezde.

 Ispitivanje performansi razlicitih VI algoritama, ukljucujuéi preciznost, oset-

ljivost i specifi¢nost.

¢ Identifikaciju klju¢nih izazova i ograni¢enja u integraciji vestacke inteligencije

u klinicku praksu.

Hipoteze

Na osnovu dostupnih podataka i prethodnih istrazivanja, formulisane su sledece
hipoteze:

H1: Algoritmi vestacke inteligencije omogucavaju vecu ta¢nost i pouzda-
nost u dijagnostici endokrinih poremecaja u poredenju sa tradicionalnim
metodama.

H2: Integracija vestacke inteligencije u procese dijagnostike smanjuje vreme
potrebno za donosenje dijagnoze.

H3: Koris¢enje vestacke inteligencije doprinosi smanjenju greSaka u inter-
pretaciji klinickih podataka, $to rezultira boljim ishodima lecenja.

Pregled trenutnog stanja

lako se VI sve ¢esce primenjuje u raznim medicinskim disciplinama, u oblasti
endokrinologije njen potencijal nije u potpunosti iskoris¢en. Prethodna istrazivanja
pokazuju da algoritmi, poput CNN i SVM, pruzaju obecavajuée rezultate u analizi
medicinskih podataka. Na primer, istrazivanje sprovedeno na uzorku pacijenata sa
dijabetesom pokazalo je da VI algoritmi postizu ta¢nost od preko 90% u identifikaciji
visokog rizika za komplikacije, §to je znacajno unapredenje u poredenju sa standar-
dnim metodama [11].

Medutim, primena VI nosi odredene izazove. Integracija u klinicku praksu zah-
teva visok kvalitet podataka, koji cesto nedostaje u medicinskim ustanovama. Takode,
nedostatak standardizacije u primeni algoritama i eticka pitanja, poput privatnosti
podataka, ostaju kljucne prepreke [12].
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Pregled strukture rada

Kako bi se istrazio navedeni problem, rad je podeljen u nekoliko klju¢nih poglav-
lja. U uvodnom delu opisuje se znacaj problema i potencijal vestacke inteligencije u
njegovom resavanju. Metodoloski deo pruza detaljan pregled analize sekundarnih po-
dataka i koriS¢enih algoritama. Rezultati istrazivanja prezentuju performanse razlicitih
VI resenja, dok diskusija analizira nalaze u kontekstu trenutne prakse, identifikujuci
prednosti i ogranicenja. Na kraju, zakljucak rezimira nalaze istrazivanja i predlaze
buduce pravce razvoja.

METOD
Pristup istrazivanju

Ovo istrazivanje zasnovano je na sistematicnom pregledu literature i sekun-
darnoj analizi podataka. Koris¢eni su radovi koji se bave primenom algoritama
vestacke inteligencije u dijagnostici endokrinih poremecaja, sa posebnim osvrtom
na dijabetes i bolesti Stitaste zlezde. Analiza je sprovedena u skladu sa PRISMA
protokolom, kako bi se obezbedila standardizacija i transparentnost u selekciji i
evaluaciji izvora [13].

Izvori podataka

Podaci su prikupljeni pretragom naucnih baza poput PubMed, IEEE Xplore,
Scopus i ScienceDirect. Kljucne rec¢i kori§¢ene u pretrazi ukljucivale su “artificial
intelligence”, “machine learning”, “deep learning”, “endocrine disorders”, “diabetes
diagnostics” 1 “thyroid disease”. Pretraga je bila ogranic¢ena na radove objavljene od
2015. do 2023. godine, kako bi se obuhvatila najsavremenija dostignu¢a u oblasti
vestacke inteligencije u medicini [14].

Kriterijumi za uklju¢ivanje su bili:

* Radovi koji se fokusiraju na primenu VI u dijagnostici endokrinih poremecaja.

» Studije koje sadrze kvantitativne rezultate, ukljucujuci metrike poput ta¢nosti,

specificnosti i osetljivosti algoritama.

 Istrazivanja objavljena u recenziranim ¢asopisima ili zbornicima nau¢nih
konferencija.
1z pretrage su iskljuceni radovi koji ne obuhvataju direktnu primenu VI u me-
dicinskoj praksi, kao i oni bez dostupnih kvantitativnih podataka.
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Selekcija i analiza podataka

Ukupno 164 rada je identifikovano u pocetnoj pretrazi, od kojih su 47 isklju-
¢eni zbog dupliranja, dok su preostalih 117 prosli kroz detaljnu analizu naslova i
apstrakata. Nakon dodatnih evaluacija, u finalnu analizu je ukljuc¢eno 38 radova koji
zadovoljavaju sve kriterijume.

Korisceni algoritmi i tehnike

Analizirani radovi obuhvatali su razlicite vrste VI algoritama, ukljucujuci:

* Konvolucione neuronske mreze (CNN): Najcesce koriS¢eni algoritmi za
analizu medicinskih slika, kao Sto su ultrazvuk Stitaste zlezde i retinografija
[15].

* Masine sa podrS§kom vektora (SVM): Koriste se za klasifikaciju i predikciju
na osnovu klini¢kih podataka [16].

* Random Forest (RF): Algoritmi zasnovani na vise odluka koje pruzaju visoku
preciznost u analizi heterogenih medicinskih podataka [17].

* Rekurentne neuronske mreZe (RNN): Pogodne za analizu vremenskih serija,
kao $to su kontinuirana o€itavanja nivoa glukoze [18].

Tabela 1 prikazuje pregled osnovnih karakteristika algoritama analiziranih u

radovima.

Tabela 1. Pregled kori$¢enih algoritama i njihovih osnovnih karakteristika

Algoritam | Glavna primena Prednosti Ogranicenja
Analiza medicinskih Visoka preciznost, Zahteva velike
CNN . L
slika automatizacija skupove podataka
Klasifikacija klinickih | Efikasnost u malim Tezak izbor
SVM . )
podataka skupovima podataka | hiperparametara
Random Analiza heterogenih Otpornost na Manja interpretabilnost
Forest podataka pretreniranje rezultata

Analiza vremenskih Efikasan za pracenje
RNN kontinuiranih SloZenost u obuci

serya podataka
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Metode evaluacije performansi algoritama

Performanse VI algoritama ocenjene su na osnovu slede¢ih metrika:

* Taénost (Accuracy): Ukupan procenat tacno klasifikovanih uzoraka u odnosu
na ukupan broj uzoraka.

* Osetljivost (Sensitivity): Procenat pravilno identifikovanih pozitivnih
slucajeva.

* Specifi¢nost (Specificity): Procenat pravilno identifikovanih negativnih
slucajeva.

* F1 skor: Kombinacija preciznosti i osetljivosti koja pruza celovit uvid u
performanse.

Svi radovi ukljuceni u analizu pruzili su rezultate na osnovu najmanje dve od
navedenih metrika, Sto je omogucilo poredenje izmedu razlicitih algoritama.

Etika i validacija

Svi radovi ukljuceni u analizu uvazavali su eticke principe u vezi sa korisce-
njem podataka pacijenata, ukljucujuc¢i anonimnost i zastitu podataka. Algoritmi su
validirani na razli¢itim skupovima podataka kako bi se ocenila njihova generalizacija
u klinickim okruzenjima [19].

REZULTATI

Performanse algoritama vestacke inteligencije u dijagnostici dijabetesa

Primena vestacke inteligencije u dijagnostici dijabetesa omogucila je zna-
¢ajna unapredenja u preciznosti i efikasnosti. CNN algoritmi, koji se koriste za
analizu laboratorijskih podataka i anamneze pacijenata, postigli su prosecnu
tacnost od 94% u detekciji dijabetesa, dok su algoritmi dubokog ucenja sa reku-
rentnim mrezama pokazali 92% osetljivosti u predikciji varijacija nivoa Secera
u krvi [25]. Osim toga, LSTM algoritmi su omogucili kontinuirano praé¢enje po-
dataka iz uredaja za nadzor glukoze, pruzajuci precizne predikcije o epizodama
hipoglikemije [26].

Random Forest algoritmi, koji su analizirali heterogene skupove podataka,
pokazali su znacajne rezultate u klasifikaciji pacijenata prema riziku od razvoja
dijabetickih komplikacija, sa specificnos¢u od 91% [27]. Posebna prednost ovih
algoritama je otpornost na pretreniranje, sto ih ¢ini pogodnim za klinicke primene sa
manjim skupovima podataka.
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Performanse algoritama u dijagnostici bolesti Stitaste Zlezde

Bolesti Stitaste zlezde, kao $to su hipotireoidizam, hipertireoidizam i nodularne
promene, Cesto zahtevaju detaljnu analizu ultrazvucnih snimaka i laboratorijskih testo-
va. CNN algoritmi su se istakli u ovoj oblasti, postigavsi tacnost od 88% i specifi¢nost
od 90% u prepoznavanju malignih nodularnih promena na osnovu ultrazvuka [28].
S druge strane, SVM algoritmi su se pokazali korisnim za klasifikaciju abnormalnih
nivoa hormona, omogucavajuci preciznu diferencijaciju izmedu eutiroidnih i hipoti-
reoidnih stanja sa osetljivos¢u od 89% [29].

Uprkos visokim performansama, integracija ovih tehnologija u klinicku praksu
je izazovna zbog razlicitog kvaliteta podataka i potrebe za njihovom standardiza-
cijom. Ipak, rezultati ukazuju na znacajan potencijal za automatizaciju i povecanje
efikasnosti dijagnostike.

Uporedna analiza performansi algoritama

Kako bi se omogucilo poredenje razlicitih VI algoritama, analizirani su klju¢ni
parametri, ukljucujuci taénost, osetljivost, specifi¢nost i F1 skor. Tabela 2 prikazuje
performanse najcesce koris¢enih algoritama u dijagnostici dijabetesa i bolesti Stitaste
zlezde.

Tabela 2. Uporedna analiza performansi algoritama veStacke inteligencije

. . Tacnost | Osetljivost | Specifi¢nost
Algoritam Primena (%) (%) (%) F1 skor
CNN Dijagnostika 94 91 92 0.92

dijabetesa
LsTM | Kontinuirano e 92 91 0.91
pracenje Secera u krvi
Random Rizik dijabetickih 9] 90 91 0.90
Forest komplikacija '
CNN finallza stitaste 88 87 90 0.88
Hormonalna
SVM Klasifikacija 89 89 88 0.88

Uticaj algoritama na vreme dijagnostike

Vestacka inteligencija znacajno smanjuje vreme potrebno za postavljanje
dijagnoze. CNN algoritmi omogucavaju analizu ultrazvuénih snimaka Stitaste
zlezde u proseku za 10 sekundi, dok manualna interpretacija istih slika traje izmedu
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51 10 minuta [30]. Kod dijabetesa, LSTM algoritmi smanjuju vreme potrebno
za detekciju epizoda hipoglikemije za 50%, ¢ime se omogucava pravovremena
intervencija [31].

Predikcija ishoda i komplikacija

Jedan od klju¢nih benefita VI algoritama je njihova sposobnost da predvidaju
potencijalne komplikacije. Na primer, algoritmi dubokog ucenja razvijeni za analizu
retinografskih slika identifikovali su rane znake dijabeticke retinopatije sa tacnos$¢u
od 93% [32]. Takode, predikcija maligniteta nodularnih promena na Stitastoj zlezdi
pomoc¢u CNN algoritama pokazala je preciznost od 91%, §to je znatno poboljSanje u
odnosu na tradicionalne metode ultrazvucne analize [33].

Upotreba hibridnih algoritama

Kombinacija viSe algoritama, poznata kao hibridni modeli, dodatno povecava
tacnost dijagnostike. Na primer, kombinacija CNN i Random Forest algoritama
omogucila je postizanje F1 skora od 0.94 u analizi Stitaste zlezde, dok je primena
kombinovanih modela u dijagnostici dijabetesa rezultirala preciznos¢u od 95%
[34].

Vizualizacija rezultata

Rezultati VI algoritama Cesto se predstavljaju kroz vizualizacije, Sto pomaze
lekarima da lakse interpretiraju podatke. Vizualizacija rizika komplikacija kod dija-
betiCara, kao i mapa toplotnih zona kod ultrazvuka stitaste zlezde, omogucile su bolju
procenu i validaciju nalaza [35].

DISKUSIJA

Primena veStacke inteligencije u dijagnostici endokrinih poremeéaja

Rezultati ovog istrazivanja ukazuju na to da vestacka inteligencija (VI) moze
znacajno unaprediti dijagnostiku endokrinih poremecaja, kao §to su dijabetes i bo-
lesti Stitaste zlezde. VI algoritmi, posebno konvolucione neuronske mreze (CNN) i
masine sa podr§skom vektora (SVM), omogucili su visoku tacnost u analizi klinickih
i laboratorijskih podataka. CNN modeli su pokazali izvanrednu preciznost u analizi
ultrazvucnih slika, dok su SVM algoritmi efikasno klasifikovali abnormalnosti u
hormonskim analizama [36].
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Prednosti u odnosu na tradicionalne metode

Jedna od kljucnih prednosti VI u dijagnostici je smanjenje subjektivnih gresaka
lekara i ubrzanje procesa donoSenja dijagnoze. Na primer, algoritmi dubokog ucenja
analiziraju medicinske slike za manje od 10 sekundi, dok manuelna procena traje
nekoliko minuta ili vise [37]. Ova brzina je posebno vazna kod hitnih stanja, kao Sto
su epizode hipoglikemije, gde su LSTM algoritmi omogucili predikciju i prevenciju
potencijalno opasnih epizoda sa precizno$c¢u od preko 90% [38].

Osim brzine, VI nudi moguénost integrisane analize velikih i heterogenih skupova
podataka, Sto tradicionalne metode ¢esto ne mogu adekvatno obraditi. Random Forest
algoritmi su, na primer, uspeli da integriSu podatke iz razli¢itih izvora — laboratorij-
skih analiza, anamneze i ultrazvucnih slika — ¢ime su postigli preciznost od 91% u
predikciji dijabetickih komplikacija [39].

Izazovi u primeni vestacke inteligencije

lako VI pokazuje znacajan potencijal, postoje izazovi koji ograni¢avaju njenu
primenu u klinickoj praksi. Jedan od najvec¢ih problema je kvalitet i dostupnost
medicinskih podataka. Algoritmi zahtevaju velike, dobro anotirane skupove poda-
taka kako bi postigli visoku preciznost, ali takvi skupovi ¢esto nisu dostupni u svim
zdravstvenim ustanovama [40].

Osim toga, eticka pitanja, poput zaStite privatnosti pacijenata, ostaju kljucni
izazov. Federativno ucenje, koje omogucava algoritmima da se treniraju na decentra-
lizovanim podacima bez direktnog deljenja informacija, predstavlja jedno od resenja
za ovaj problem, ali njegova primena je jo$ uvek u pocetnoj fazi [41].

Poredenje sa prethodnim istrazivanjima

Nalazi ovog rada u skladu su sa prethodnim istrazivanjima koja isticu pred-
nosti VI u dijagnostici medicinskih stanja. Na primer, studija koja je koristila CNN
algoritme za analizu retinografskih slika pokazala je slicnu tacnost (93%) u detekceiji
dijabeticke retinopatije, Sto ukazuje na Siroku primenljivost ovih tehnologija [42].
Takode, upotreba hibridnih algoritama, kao $to su kombinacije CNN i Random Forest
modela, dodatno poboljsava performanse, omogucavajuci F1 skor od preko 0.94 u
specifinim primenama [43].

Prakti¢ne implikacije za klinicku praksu

Integracija VI u klinicku praksu moze znacajno unaprediti efikasnost di-
jagnostike i leCenja endokrinih poremecaja. VI algoritmi ne samo da smanjuju
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opterecenje na lekare, ve¢ i povecavaju dostupnost dijagnostike u udaljenim ili
manje razvijenim regijama, gde je pristup specijalistima ogranicen [44]. Teleme-
dicina, uz podrsku VI, omogucava lekarima da postavljaju dijagnoze na osnovu
podataka prikupljenih putem nosivih uredaja i mobilnih aplikacija, $to dodatno
poboljsava ishode lecenja [45].

Predlozi za buduéa istraZivanja

Da bi se VI u potpunosti integrisala u endokrinologiju, buduca istrazivanja treba
da se fokusiraju na nekoliko klju¢nih oblasti:

1. Standardizacija podataka: Razvoj uniformnih protokola za prikupljanje i
anotaciju medicinskih podataka.

2. Personalizacija algoritama: Kreiranje modela koji ¢e biti prilagodeni spe-
cifi¢nostima razli¢itih populacija pacijenata.

3. Razvoj hibridnih re§enja: Kombinovanje razliitih VI algoritama kako bi
se povecala tacnost i pouzdanost dijagnostike.

Osim toga, vazno je nastaviti istrazivanja u oblasti eticke upotrebe VI, sa poseb-
nim fokusom na privatnost podataka pacijenata i transparentnost u donosenju odluka
algoritama [46].

ZAKLJUCAK

Vestacka inteligencija (VI) pokazuje znacajan potencijal za unapredenje dija-
gnostike endokrinih poremecaja, posebno dijabetesa i bolesti Stitaste zlezde. Kroz
analizu dostupnih studija uoceno je da algoritmi poput konvolucionih neuronskih
mreza (CNN), masina sa podrSkom vektora (SVM), kao i hibridnih modela, pruzaju
vecu tacnost, osetljivost i specifi¢nost u poredenju sa tradicionalnim dijagnostickim
metodama. Pored toga, VI smanjuje vreme potrebno za postavljanje dijagnoze,
omogucava analizu velikih i heterogenih skupova podataka i pruza moguénost per-
sonalizacije lecenja.

Rezultati istrazivanja potvrduju da CNN algoritmi postizu ta¢nost od preko 90%
u analizi medicinskih slika, dok Random Forest i LSTM modeli pruzaju pouzdane
predikcije rizika od komplikacija i varijacija nivoa Secera u krvi. Ovi nalazi isticu
ne samo preciznost, ve¢ i prakticnu primenljivost VI u klinickoj praksi, posebno u
oblastima gde je neophodno brzo donosSenje odluka.

Medutim, implementacija VI u medicinsku praksu suocava se s odredenim izazo-
vima, ukljucujudi kvalitet i standardizaciju podataka, kao i eticka pitanja, poput zastite
privatnosti pacijenata. Federativno ucenje i razvoj integrisanih sistema predstavljaju
potencijalna resenja za ove prepreke.
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Za dalji razvoj primene VI u endokrinologiji neophodno je fokusirati se na:
1. Kreiranje standardizovanih i visokokvalitetnih medicinskih baza podataka.

2. Razvoj hibridnih modela koji kombinuju najbolje performanse razli¢itih
algoritama.

3. Istrazivanje etickih aspekata i nacina povecanja poverenja lekara i pacijenata
u VI sisteme.

U budu¢nosti, integracija VI u svakodnevnu praksu moze znacajno doprineti
efikasnijem dijagnostickom procesu, personalizovanoj medicini i ukupnom unapre-
denju zdravstvene zastite.
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INTRODUCTION

The Importance of Endocrine Disorders

Endocrine disorders represent a growing global public health challenge
due to their prevalence and long-term consequences. Among the most common
endocrine conditions are diabetes, thyroid dysfunctions, adrenal insufficiencies,
and pituitary disorders. Diabetes, as one of the most significant conditions in this
group, affects over 537 million adults worldwide, according to the International
Diabetes Federation (IDF), with this number expected to reach 643 million by
2030 [1, 2].

These disorders have multiple consequences, ranging from metabolic com-
plications to cardiovascular diseases, which are the leading cause of death among
individuals with diabetes [3]. Moreover, thyroid diseases, such as hypothyroidism,
can remain undiagnosed for years due to nonspecific symptoms, increasing the risk
of severe complications, including infertility and neuropsychiatric disorders [4].
Effective and early diagnosis of these conditions plays a crucial role in preventing
more severe outcomes; however, current diagnostic tools are often not fast or reliable
enough, leaving room for the application of innovative technologies such as artificial
intelligence (Al) [5].

Artificial Intelligence in Medicine

Artificial intelligence (Al) is rapidly emerging as a key technology in modern
medicine. Al encompasses algorithms and systems that enable computers to analyze
large amounts of data, identify patterns, and make predictions based on complex in-
formation [6]. Among the most important branches of Al are machine learning (ML)
and deep learning (DL), which are increasingly used to solve problems in medical
fields such as radiology, oncology, and cardiology [7]. For instance, deep learning,
particularly convolutional neural networks (CNN), has already proven to be highly
successful in analyzing medical images, achieving accuracy that surpasses traditional
diagnostic methods [8].

The application of Al in endocrinology holds immense potential. By analyzing
laboratory data, biomarkers, and medical images, Al algorithms can enable more
precise and faster diagnostics. For example, machine learning is used to evaluate
blood glucose levels, analyze blood sugar variability in diabetic patients, and predict
complications such as diabetic retinopathy [9]. In the field of thyroid diseases, algo-
rithms have been successfully applied to identify abnormalities in ultrasound images
and assess the risk of malignant changes [10].
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Research Objectives

This study aims to investigate the application of artificial intelligence in dia-
gnosing endocrine disorders and evaluate its effectiveness compared to conventional
methods. The research objectives include:

* Analyzing the role of Al algorithms in early diagnosis and personalized tre-
atment of diabetes and thyroid disorders.

» Examining the performance of various Al algorithms, including their accuracy,
sensitivity, and specificity.

* Identifying key challenges and limitations in integrating artificial intelligence
into clinical practice.

Hypotheses

Based on available data and prior research, the following hypotheses were
formulated:

1. Al algorithms provide greater accuracy and reliability in diagnosing endocrine
disorders compared to traditional methods.

2. Integrating Al into diagnostic processes reduces the time required for diagnosis.

3. The use of Al reduces errors in interpreting clinical data, resulting in better
treatment outcomes.

Overview of Current Developments

Although Al is increasingly applied across various medical disciplines, its poten-
tial in endocrinology remains underutilized. Previous studies indicate that algorithms
such as CNN and SVM deliver promising results in analyzing medical data. For in-
stance, research conducted on a sample of diabetic patients showed that Al algorithms
achieved accuracy exceeding 90% in identifying high-risk complications, which is a
significant improvement compared to standard methods [11].

However, the application of Al comes with certain challenges. Integration into
clinical practice requires high-quality data, which is often lacking in medical insti-
tutions. Additionally, the lack of standardization in algorithm application and ethical
concerns, such as data privacy, remain major obstacles [12].

Overview of Paper Structure

To address the stated problem, this paper is divided into several key chapters.
The introduction describes the significance of the issue and the potential of artificial
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intelligence in addressing it. The methodology section provides a detailed review of
secondary data analysis and the algorithms used. The results present the performan-
ce of various Al solutions, while the discussion analyzes the findings in the context
of current practices, identifying advantages and limitations. Finally, the conclusion
summarizes the research findings and suggests directions for future development.

METHOD

Research Approach

This study is based on a systematic literature review and secondary data analysis.
The selected works focus on the application of artificial intelligence (Al) algorithms
in diagnosing endocrine disorders, with a particular emphasis on diabetes and thyroid
diseases. The analysis was conducted in accordance with the PRISMA protocol to
ensure standardization and transparency in source selection and evaluation [13].

Data Sources

Data was collected through searches of scientific databases such as PubMed,
IEEE Xplore, Scopus, and ScienceDirect. Keywords used in the search included
“artificial intelligence,” “machine learning,” “deep learning,” “endocrine disorders,”
“diabetes diagnostics,” and “thyroid disease.” The search was limited to studies pu-
blished between 2015 and 2023 to encompass the most recent advancements in the
application of artificial intelligence in medicine [14].

99 ¢¢

Inclusion Criteria:

 Studies focusing on the application of Al in diagnosing endocrine disorders.

» Research presenting quantitative results, including metrics such as accuracy,
sensitivity, and specificity of algorithms.

* Publications in peer-reviewed journals or conference proceedings.

Studies not directly addressing the application of Al in medical practice or lacking
quantitative data were excluded from the review.

Data Selection and Analysis

A total of 164 studies were identified in the initial search, of which 47 were
excluded due to duplication. The remaining 117 studies underwent detailed analysis
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of titles and abstracts. Following further evaluation, 38 studies meeting all criteria
were included in the final analysis.

Algorithms and Techniques Used

The analyzed studies included various types of Al algorithms, such as:

* Convolutional Neural Networks (CNN): Frequently used for analyzing
medical images, such as thyroid ultrasound and retinography [15].

* Support Vector Machines (SVM): Used for classification and prediction
based on clinical data [16].

* Random Forest (RF): Decision tree-based algorithms providing high accuracy
in analyzing heterogeneous medical data [17].

* Recurrent Neural Networks (RNN): Suitable for analyzing time series, such
as continuous glucose readings [18].

Table 1 presents an overview of the key characteristics of the algorithms analy-
zed in the studies.

Table 1. Overview of Al Algorithms and Their Key Characteristics

Algorithm Main Application Advantages Limitations
CNN Medlcfﬂ 1mage High precision, Requires large datasets

analysis automation

Clinical data Effective with small Hyperparameter
SVM ) . .

classification data selection
Random Heterogeneous data Robust to overfitting | Lower interpretability
Forest analysis

. . . Effective for - .

RNN Time series analysis continuous data Complexity in training

Performance Evaluation Metrics

The performance of Al algorithms was evaluated based on the following metrics:

* Accuracy: The overall percentage of correctly classified samples relative to
the total number of samples.

» Sensitivity: The percentage of correctly identified positive cases.
» Specificity: The percentage of correctly identified negative cases.

* F1 Score: A combination of precision and sensitivity providing a comprehen-
sive view of performance.
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All studies included in the analysis reported results based on at least two of these
metrics, enabling comparisons across different algorithms.

Ethics and Validation

All included studies adhered to ethical principles regarding the use of patient
data, including anonymity and data protection. Algorithms were validated on various
datasets to assess their generalizability in clinical environments [19].

RESULTS

Performance of Artificial Intelligence Algorithms in Diagnosing Diabetes

The application of artificial intelligence in diabetes diagnosis has led to signifi-
cant improvements in accuracy and efficiency. CNN algorithms, used for analyzing
laboratory data and patient histories, achieved an average accuracy of 94% in detecting
diabetes, while deep learning algorithms with recurrent networks demonstrated 92%
sensitivity in predicting blood sugar variability [25]. Additionally, LSTM algorithms
enabled continuous monitoring of glucose data from monitoring devices, providing
accurate predictions of hypoglycemic episodes [26].

Random Forest algorithms, which analyzed heterogeneous datasets, pro-
duced notable results in classifying patients by risk of diabetic complications,
achieving a specificity of 91% [27] A key advantage of these algorithms is their
robustness to overfitting, making them suitable for clinical applications with
smaller datasets.

Performance of Algorithms in Diagnosing Thyroid Diseases

Thyroid diseases, including hypothyroidism, hyperthyroidism, and nodular chan-
ges, often require detailed analysis of ultrasound images and laboratory tests. CNN
algorithms have excelled in this area, achieving 88% accuracy and 90% specificity in
identifying malignant nodular changes based on ultrasound [28]. Conversely, SVM
algorithms proved effective in classifying abnormal hormone levels, enabling precise
differentiation between euthyroid and hypothyroid conditions with 89% sensitivity
[29].

Despite the high performance, integrating these technologies into clinical practice
is challenging due to varying data quality and the need for standardization. Howe-
ver, the results indicate significant potential for automation and increased diagnostic
efficiency.
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Comparative Analysis of Algorithm Performance

To enable a comparison of various Al algorithms, key parameters such as
accuracy, sensitivity, specificity, and F1 score were analyzed. Table 2 presents
the performance of the most commonly used algorithms in diagnosing diabetes
and thyroid diseases.

Table 2. Comparative Performance Analysis of Al Algorithms

. C Accuracy | Sensitivity | Specificity F1
Algorithm Application (%) (%) (%) Score
CNN Diabetes diagnosis 94 91 92 0.92
LSTM Continuous glucose 92 92 91 0.91

tracking
Random Risk of dlgbetlc 91 90 91 0.90
Forest complications
CNN Thyroid analysis 88 87 90 0.88
SVM Hormonal 89 89 88 0.88
classification

Impact of Algorithms on Diagnostic Time

Artificial intelligence significantly reduces the time required for diagnosis.
CNN algorithms enable the analysis of thyroid ultrasound images in an average of
10 seconds, while manual interpretation of the same images takes between 5 and 10
minutes [30]. For diabetes, LSTM algorithms reduce the time needed to detect hypo-
glycemic episodes by 50%, enabling timely interventions [31].

Prediction of Outcomes and Complications

One of the key benefits of Al algorithms is their ability to predict potential
complications. For instance, deep learning algorithms developed for analyzing re-
tinal images identified early signs of diabetic retinopathy with 93% accuracy [32].
Similarly, the prediction of malignancy in thyroid nodular changes using CNN algo-
rithms achieved a precision of 91%, significantly improving traditional methods of
ultrasound analysis [33].
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Use of Hybrid Algorithms

The combination of multiple algorithms, known as hybrid models, further
enhances diagnostic accuracy. For example, combining CNN and Random Forest
algorithms achieved an F1 score of 0.94 in thyroid analysis, while hybrid models in
diabetes diagnosis resulted in a precision of 95% [34].

Visualization of Results

Al algorithm results are often presented through visualizations, aiding physicians
in interpreting data more effectively. Visualizations of complication risks in diabetic
patients and heatmaps of thyroid ultrasound zones have facilitated better assessment
and validation of findings [35].

DISCUSSION

Application of Artificial Intelligence in Diagnosing Endocrine Disorders

The results of this study indicate that artificial intelligence (Al) can significantly
enhance the diagnosis of endocrine disorders, such as diabetes and thyroid diseases.
Al algorithms, particularly convolutional neural networks (CNN) and support vector
machines (SVM), demonstrated high accuracy in analyzing clinical and laboratory
data. CNN models excelled in medical image analysis, while SVM algorithms effe-
ctively classified abnormalities in hormonal evaluations [36].

Advantages Over Traditional Methods

One of the key advantages of Al in diagnostics is the reduction of subjective
errors by physicians and the acceleration of the diagnostic process. For example,
deep learning algorithms analyze medical images in less than 10 seconds, whereas
manual evaluation takes several minutes or more [37]. This speed is particularly
critical in emergency situations, such as hypoglycemic episodes, where LSTM
algorithms predicted and prevented potentially dangerous events with over 90%
accuracy [38].

In addition to speed, Al offers the capability of integrated analysis of large and
heterogeneous datasets, which traditional methods often cannot adequately process.
Random Forest algorithms, for instance, integrated data from various sources—Iabo-
ratory analyses, patient histories, and ultrasound images—achieving 91% precision
in predicting diabetic complications [39].
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Challenges in the Implementation of Artificial Intelligence

Although Al shows great potential, several challenges limit its application in
clinical practice. One major issue is the quality and availability of medical data. Al-
gorithms require large, well-annotated datasets to achieve high precision, but such
datasets are often unavailable in many healthcare institutions [40].

Additionally, ethical concerns, such as patient data privacy, remain critical
challenges. Federated learning, which allows algorithms to train on decentralized
data without directly sharing information, presents a potential solution, though its
implementation is still in its early stages [41].

Comparison with Previous Studies

The findings of this study align with previous research highlighting the advan-
tages of Al in diagnosing medical conditions. For instance, a study using CNN
algorithms for retinal image analysis reported similar accuracy (93%) in detecting
diabetic retinopathy, underscoring the broad applicability of these technologies [42].
Furthermore, the use of hybrid algorithms, such as combinations of CNN and Random
Forest models, further improves performance, achieving an F1 score exceeding 0.94
in specific applications [43].

Practical Implications for Clinical Practice

The integration of Al into clinical practice can significantly improve the
efficiency of diagnosing and treating endocrine disorders. Al algorithms not only
reduce the workload on physicians but also increase the availability of diagnostics
in remote or underserved regions, where access to specialists is limited [44]. Te-
lemedicine, supported by Al, enables physicians to diagnose conditions based on
data collected from wearable devices and mobile applications, further enhancing
treatment outcomes [45].

Suggestions for Future Research

To fully integrate Al into endocrinology, future research should focus on several
key areas:
1. Data Standardization: Developing uniform protocols for collecting and
annotating medical data.
2. Algorithm Personalization: Creating models tailored to the specific cha-
racteristics of diverse patient populations.
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3. Development of Hybrid Solutions: Combining different Al algorithms to
increase diagnostic accuracy and reliability.

Additionally, it is crucial to continue research in the ethical use of Al, with a
particular focus on patient data privacy and transparency in algorithm decision-ma-
king [46].

CONCLUSION

Artificial intelligence (AI) demonstrates significant potential for advancing the
diagnosis of endocrine disorders, particularly diabetes and thyroid diseases. Thro-
ugh the analysis of available studies, it has been observed that algorithms such as
convolutional neural networks (CNN), support vector machines (SVM), and hybrid
models offer superior accuracy, sensitivity, and specificity compared to traditional
diagnostic methods. Furthermore, Al reduces the time required for diagnosis, ena-
bles the analysis of large and heterogeneous datasets, and provides opportunities for
personalized treatment.

The findings confirm that CNN algorithms achieve over 90% accuracy in
analyzing medical images, while Random Forest and LSTM models deliver reliable
predictions of complications and blood sugar variability. These results highlight not
only the precision but also the practical applicability of Al in clinical practice, parti-
cularly in scenarios requiring rapid decision-making.

However, implementing Al in medical practice faces certain challenges, including
data quality, standardization, and ethical issues such as patient data privacy. Federated
learning and the development of integrated systems represent potential solutions to
these obstacles.

To further advance the application of Al in endocrinology, efforts should focus on:
1. Creating standardized and high-quality medical databases.

2. Developing hybrid models that combine the best performance characteristics
of various algorithms.

3. Exploring ethical considerations and building trust among healthcare profes-
sionals and patients in Al systems.
In the future, integrating Al into everyday practice can significantly contribute to

more efficient diagnostic processes, personalized medicine, and overall improvement
in healthcare delivery.
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