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Wykazst osowanych skr -t - w

ALP (Alkaline phosphatasé) fosfataza alkaliczna
BMI (Bodymassindex)i ws ka¥ni k masy ci aga

CaMKIl (Ca2+/calmodulindependent protein kinaseilk i naza bi agkowa |11 zal e
Ca*/kalmodulny

CD40(Cluster of differentiation40)bi agko CD40
CRP(C-reactiveprotein)i b i a ¢reaktyw@e

CYP27BXCytochrome P450 family 27 subfamily B member #Hg8roxyvitamin D 1alpha
hydroxylase) 1-alfahydroksylaza2%h y dr ok sy wi t a mi mrpdziy,B, rddzing 7k o 1 =z
cytochromu P450

CYP2R1(Cytochrome P450 family 2 subfamily R member 1/ vitamin-Dy2oxylase) 25
hydroksylaza witaminy D; biagko 1 z podrodziny

DMARDSs (Diseasemodifying antirheumatic drugsi lekimo dy f i kuj Nce przebi eg ¢
DNA (Deoxyribonucleic acid) kwas dezoksyrybonukleinowy

FGFR23 (Fibroblastgrowthfactor-23)i c zynni k wzrostu fibroblast. -w 2
GKS' Glikokortykosteroidy

IFN-U (Interferon alpha) interferon alfa

IFN-2 (Interferongamma i interferon gamma

| K K(lmhibitor of nuclear factor kappa B kinase subunit béta)hibitor podjednostki beta
j Ndrowego czynnika kappa B

IQR (Interquartilerange)ir ozst ip mi Andzykwartyl owy/ I wiartkowy

JADAS27(Juvenile Arthritis Disease Activity Sce?d)i s k al a akt ywnoSci mgodzi
i diopatycznego zapalenia staw:-w na podstawie o0c

JSLE (juvenile Systemic Lupus Erythematosus) od zi e Gczy toczeE& rumienio
jSSc(juvenile Systemic Scleroderniamod zi e®c za twardzina ukgadowa
jDM (juvenile Dermatomyositi§mg o d zi e GEc z e zma piaSind miwee s k- rno

MAP kinazy(mitogenactivated protein kinase$)k i nazy bi agkowe aktywowane
MIZST m§ o d z i idiofityzzaeezapaleniest a w - w

MTX i metotreksat

OB odczyn Biernackiego

PDIAS3 (Protein disulfideisomerase A3) bi agkowa i zomeraza dwusiarczKk

PFAPA (Periodic fever, aphthous stomatitis, pharyngitis and cervical adeiiitise s p- § gor Nc z e
cyklicznych z towarzyszNcymi aftami, ostrym zaprg
¢ h dyemszyjnych



PI3K (Phosphoinositide-Binase)i k i n a-fostaty@ytvinozytolu
PKC (ProteinkinaseCj ki naza bi agkowa C
PLA2 (Phospholipase A2) fosfolipaza A2

PTH (Parathormone) parathormon

RANKL (Receptomactivator fornuclearfa ¢ t o ligana)i IBjand aktywatora receptora
j Ndrowego czynnika o B

RXR (Retinoid X receptor) receptor kwasu-gis-retinowego
SP1(Specificity proteinljc zynni k transkrypcyjny Spl/ biagko
SP1(Specificity protein3jc zynni k transko ypged¢wnfyi SpBdSdbii a k

STAT1 (Signal transducer and activator of transcriptionilpr z et wor ni k sygnagu i
transkrypcji 1

TLR2/4/8(Toll-like receptor 2/4/8) receptory Tolpodobne 2/4/8

TNF-U(Tumor necrosis factor alphd)czynnik martwicy nowotw r - w al f a

UVB (Ultraviolet B radiation)i promieniowanie ultrafioletowe B

VDBP (Vitamin D binding proteiny bi agko wi NONce witaminn D
VDR (Vitamin D Receptori receptor dla witaminy D

VDREs (Vitamin Dresponse elements)elementy odpowiedzi dla witamyrD

WHO (World Health Organization) $ wi at owa Or gani zacja Zdrowi a



Wykaz tabel i rycin

Tabelal.Char akterystyka badanej grupy pacjent -\

Tabela2.Char akterystyka pacjent-w z MI ZS bior N
do stfnUenpawpeBéOH)YWDb poni Uej 20 ng/ ml

Tabela3.Kor el acje dw:-ch zmiennych dla dawki MT)

fosforan-w u dzieci | eczonych z powodu MI ZS

Tabela 4.Wyniki wielomianowej regresji logistycznej przeprowadzondyakcieanalizy

wieloczynnikowejp ar ametr - w zwi Nzanycwkwze st fnUeni em

Rycina 1. Mechanizm powstawania witaminy O r a z j ej dziagani a |
wapnizowNvzgl idni eniem moUliwych interakciji |



1. Wykaz publikacji stahkbdwi Ncych rozyp

Niniejsza rozprawa doktorska phtatus witaminy D u dzieci z wybranymi chorobami
reumatycznymp owswagamach Studi -w Doktoranckich U
Bi agy mswt okmar ci u 0 cykl dw- chydwieublziok a @ajjliy

opublikowane wczasopismach z listy Journal Citation Reports.

a. Stawicki Maciej Konrad, Abramowi cz Paweg, Sokol
Wogej szo Sebastian, Grant Wi.Cdni am B!
vitamin D be an adjuvant therapy for juvenile rheumatic diseases?

Rheumatabdgy International 202313(11):199320009.
doi: 10.1007/s0029623-054115.

IF = 4.0 punktacjaMNiSW / MEIN = 70
Praca pogl Ndowa

b. Stawicki MaciejKonrad, Abr amowi cz Pawegdg, G- r al
Mgy EGczyk Justyna, Kondr at.iPredendenna, |
of vitamin D deficiency in patients treated for juvenile idiopaéntaritis
and potential role of methotrexate: a preliminary studytrients 2022,

14,8, 9 pp
doi: 10.3390/nu14081645

IF = 5.9 punktacjaMNiSW / MEiN = 140
Praca oryginalna

GNpoa wartoSi I mpact Factor wedg@yprazlDR dl a w
punkwedvgug wykazu czasopMEBM naukowych MNi SW



2. Zestawienie publ i kamppdaFaaiow(@Epy | ndni aj
orazpunktacj iMBMNNiI SW

Rodzaj pubkacji Liczba Impact Factor Punktacja
MNiSW /
MEIN
Prace wgNgd
. 2 9,9 210
rozprawy doktorskiej
Prace, Kkt -
zostagy wdg 1 4 70
rozprawy doktorskiej
Streszczenia 8
zjazdowe
Razem 11 13,9 280




3. Wstnp dot y cozpMwypwdokiorskimjat y ki 1

v

Pomimopr zesz go 10 0 ailnaukowegd zd¢fiegwangd{l witangira Dnadal
pozostajepr zedmi ot em zainteresowagnia baseENecN wm
zwjaszcza w ostatindlcal N i lzad gudikdch .8 dRoka h
witaminy D wykracza dal ece pkotreprzej vagle lad zi a g a
postr ze gjako gedyry yagsppmatW uj Anci u bi ochemicznym w
hormonems t er oi dowy m, pozyskiwanym egzogennie z
jedna z witamin rozpuszczalnych w ,kffusacza
stanowi | ej gg- wne F.rSyntegaaitaminylDad hloidm i ® rwg asrki- :
krngowcda&hydr7ochol esterol u, przy wudzial e e
UVB 0o dgugaeBam4.f aPowt9®0j Ncy w wyni ku tej re
przy pomocy specyficznego transporter&itgmin D-binding protein T VDBP)
przenoszonyd o w Nt Taro, bpyzy pomocy 2Bydroksylazy (CYP2R1) z grupy
cytochromu P450,luega przeksztagc€®©OH) Do Waheagdinphy
zwi Nzany z VDBP kalcydiol jest transportow
cytochromu P450i 1U-hydroksylaza (CYP27B1)p r z e k skaldydiofjw &alcytriol
[1,25(0OHYD] i biologiczi e akt ywnN f d5.mi witaminy D

Witamina D wywi e p@rzez swoistye recdprdVimamiira D ieeptori

VDR), nal gBNc rodziny |jNdrowych krteaeptpedm sftu
j Ndr owe g o transkrypoyjnégk. We d § u g dostnpnych danych
akt ywowanego VDR na ekspresjn gen-w odbywa
receptor), kt -ry pozwala na stworzenie h et
z DNA. Wspomniana heterodimeryzacja izwi k s z a powi nhowact wo Wi
do swoistych sekwencji DNA znanych jako el e
[ ujgatwia reguwldlcj Aktekwapcjeasj VDReprze podN
powoduje zmiann struktury Dbiochemiczne]j re
hamuj Ncych jego funkcjn oraz ewie[@8.ual ne
Wystipowanie oWWRezodozobagowpprawie wszystKki
ludzki organizm (t kanc e kostnej, mi nedowiejp waegyniacht g u s z
krwionoSnych, trzustce, nerkachiodpbgaosSice)
[9i11]. Poza dzi aapNeymrekgspresji gen-w postu
szybszych, ni egenomowych .efWkni kajd\i@afent a



wewnNtrzkom-rkowych c(PKHCs PIgK¢ APk kinazy GaViKg o wy ¢ h
oraz PLA2 oddzi aguj Ncych mygne @inyS3Ph,iSR3, RXR) Ronaslté,r y p
kal cytri ol reguluje wiNzanie VDR z biagkam
krzyUewNI| acjn ekspresj i IFN-8ni wrNtienie takieoi g a n d
mechanizmu i bardzo efektywnego z punktu welzia fizjologii T pozwala

na bezpoSredni N regul gshpfiaprdeeasagwni empnak
Dodatkowo aktywacja receptora dla CD40, 6N or az mhaRR) 4/ @8kspr es|
oraz CYP27B1 zwifkszaj Nc do sanig panvoydielanie al c y t
medi ator - w I mmul2ad. o ¢Mecbaniony c vayzwalania  szybkich,
pozgenomowych efekt- -wndei a@aniad wi \Wadmwny wh |
jednagtotUeN irol i odgrywaprw yrpiins uP Rl A3 ,0 kto-lr
receptora dla witaminy D13,15.

|l stnieje wiele r-Unych wariant-w pocychmor f i c

r-Ond w budowie i funkcjonowartu receptoraw kont ek Sci e j ego p C

do witaminy D, interakcji z koaktSywalt otrealmi
liczne, chociaU nie wszystkie, doni esienia w
potwierdzaj N Znaczeni e poli morfizm-w genu
schorNziee®t - re warianty VDR mogN byl zwi Nz

na okr eS| on aorobyraotsinomhiyacyjnej1si 18]. ¢

Historyczniei w rozumieniu tradycyjnymza Kk asyczne dzi adgzaawang wi t a
jestjejr egul acyj ny wpgdyw na Akywaivihg priee1,286@HKpPni a we
VDR promuj e wWzr ost w c h §,aweiost rraatsorpaji anapnia a w
w kanalikach dystalnych nefronar a z i nt e n signiaiwkpnia genszkieleia | n
poprzez stymulacjn dojr z e pwraynponaocywydaielanegdk t y wa
przez osteoblasty RANKI3,19. Promowaniep owy Us zych proces-w sku
stiUenia wapni a, skor el otwabgmi aScp &1 &t hoe mec
orazczynni ka wzr ost u23)fQ pbirsoybw aanset potlegs( dEGSFsijae |
kontroli i regulacji w oparciu o precyzyjre mechanizrg s pr zfiUe E [20r ot ny C
Odmi enni e, W przypadak uwapprnaivai dwj okvegio, sd ziiUa &
pol ega na wyzwalaniu mechani zm:- w p@apredzyr es or

pobudanie d o j yclz astg§oblast wi nasikenie procesuosteogenegz [12]. Mechanizmy
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warunkuj NOeota#dne, zaleUne od éiekiNgedni a§:

pozostajN w dalszym ci Ngu przedmi otem badad

Opi sywana wczeSni ejVDRwawskaeszeokiaspektiudhpir 2F a mi a
witaminy D, wy Kk reaznazaig piza regul ¢ jhameostazywapnia [3,14,19,2]
Plejotropowetj. wielofunkcyjned z i a @vaminyeD j e st utoUsami ane z
biologii ewolucyjnej, genetyki fizjologicznej i medycznej oraz technik molekularnych.
Szeroko udokumentowany plejotropizm witaminy 8lggami ndzy ijegwydy wina

na sekrecjn i nsuliny, o thatzymicavy ynedgfikoivaniu n a u k
proces - w i mmunol ogi cznych, modul owani u

proapoptotycznychilub antyproliferacyjnyci12,19,232.

| mmunomee&uldiziilegani e witaminy D jest zwi Nz
SWOoi st ej przy jednoczesnym pobudzaniu odpc
prozapalnych kom-rek Th1 i Thl7 zmniejsza
Nast iipujwe stgnllacja tansformacji k 0 m- rdenkrytyczych w podtypy

0 zwi nks z on ajmunologidzrejr Rodatkowig dzi nki dziagani
zwi nkszonapr adisk @jj & -fegulaterawgch odpowiedzialnych za
hamowani e prod223 vedmpeantystSwarezany | okal ni e
w monocytach i makrofagachdhy dr oksyl azn ( CYBkywnA fo)mak al cvy
witaminy D i pobudza limfocyty B dosyntezyi mmuno gl obulri-rwnohamu g N
produkcjn autoprzeciwchalkl D 412,24y @otatkdwio | i z uj |
udowodni ony wpgyw witaminy D na produkc]
wgaSci woSciach przeciw dr avbkazoje sawryg jNd rk o wd o |
wa Umy z witadiny D w ochronie przed infekcjami baktenyimi i wirusowymi

[25,29.

Wedgug dostfipnego piSmiennictwareigedggyobir we

najcziSciej uUywhoyobnkbOgheei swnUenia 25(C
ng/ mi (50 nmol /1), stanowi (231 2% Komtsowepsje 0o b | e m
dotyczNce okreSlenia wartoSci granicznej

odpowi adaj Ncych adekwatnemu zaopsuficiezcgni u w
deficiency, insufficiendy s N nadal bardzo szer ghym dy sk
wp §y wa jekdrmendage i wytyczne. To zagadniewigkraczao ¢ z y wpoZazakres

przedmi otowy rozprawy. Ni ezal eUnie jednak

11



wartoSci referencyjnych or az definicji, C
gobal nym i waUnym z punkt u Deipaencgimyjchaprzgczyn o wi a
znaczNcego rozpows zec hhn alnaiddystaidcaa enbogenna  wi t
synteza warunkowangrzez warunki geograficzneniedostateczne a s gon e[8d.ni eni e
Probl emem o r os nodpgcagignanierkas @oeryicy ij eskt-ry na p
sgoneczne poprzez stosowanie filtr- - w, odzi
wkontkScmewot wor -w sk-ry oraz pr z €2l Kokjgei aJaj N
aktual i zac]| eaz |Skalhyehtr cevkyocnhe nd acj i dotyczNcych
| eczeni a niigdatanry- wD  potwierdzaj N korzysS
jej stosowanig32,33. Pozi om witaminy D uwaUany wedgug
za adekwatny 3 0 ng/ ml ) pozwalnda karayisNgmikdaive Jy 6
kostny i g 0 s p o[H984. kQiwartyna pozdstajev Bytagi jaki poziom
witaminy Dj est wyst aorsdzNgjmscdyy s i ch pozaszkiele
jejd z i a[d®B3b,36

Plg ot ropowe dziagani e witaminy D obej muj N
or az i mmunomodul uj Nce, powszechnoSi j ej
oraz doniesienia o rosnNcej <czhnstof@d,i wyst
w tym chor - b [38esutnaajtyy cszinfy cohunkt em wyj Scia do
pomi ndzy pozi omem zaopatrzenia w witaminn
w populacji pediatrycznej. Na przestrzeni ostatnich lat przeprowadzono liczne badania

w poszukiwaniu roli witaminy Dw patpenezi e chor -b reumatyczny

i nny mi reumatoi dal ne zapal eni e staw- w, t w
ukgadowy i s p[8%48lyDoosatrittgmedep a y c e \vawap Neej czi
popul acj.i Bdaodraonsiaejoceni aj Nce wpgdyw witamin

zZ a rozw- j oraz przebieg chor - b reumatycazrt

zdecydowanie mnigj liczng e d n w bddanych grupach dziedio t k n MIZ$ [@4& h

47], mjodzi e G485, MIBIHE i e E54N MRBPE€dzi e@EOzym DN
odnot owywano niUsze stnUemi ezdwiotwayrmihnyr -Dvi @& ¢
Brakues ol i dnych danymbBclvgpiasmy agwpcsypwanpdce - Un
Dgugotr wagy, Ukznwgeadsozbc-zra weiitiia mi ny D znaczni e
r e g ulnsechanim- w immunologicznych prowadzNc waostedn@a k c i e

pr oc eapalnywch52,53.

12



Powodem podjfcia stauswwiathmyED i dziect ze anaabami
reumat ycznymiang tego zjawiskastznNda az czfistsze wystn
s ¢ h o w pepdacji wieku rozwojowego Znajduje toswoje odzwierciedlenigrzede
wszystkim w dserwacjach klinicznychw danych epidemiologicznych w praktyce
z drugiej za$S strony wi NdZiedzing medycyny djyalkaMi jc &
reumatol ogMamdz weei @calostnpnych opcjej tera

skuteczno@pbBzuki wania nowych | ek-vinnyghr zeci w
ws p o ma g dgrniNfarmakdterapiwv  r eumat ol ogi i .doNalsg@y pr :
tym podkreSlii, Ue procesy r éjwesttyrmacg g - wnoiv

antyr eumat y c zeyshpizebiegaloybydiseasgmbdifying antirheumatic

drugs DMARDs)i sN znaczni e poputacigertdepbsegcane,] ni O
dorowgeijka to cznSciowo z natury chor - -b re
wystfiApowania, wahBSowaGEvmatrWslyeedbdrizineyws po ma
chor - b reumat ycozdneyjcnhuj @ dEznecpirp @znawmyykcdr zjy s
wc z e Ssubstapcji | ub sup) elmevnt nwwy m kontekScie |
i terapeutycznymDz i 1 Kk i swojemu pliegjotobegwaiNCcemi :
i mmunomodul uj Ncy ,wiat apmioncae siy sztagpradwie i nt er es
dal szychW kad&dN&Eku z udowodnionym Kkorzystnyr
witaminy D, zapewnienie jejpr awi d dwdlemni a | es't rekomendo
z el ement - -w | ec z avmwiela cheobgehip ma g awjl, Nvek esgystkich

grupach wiekowych

W badaniach sk gaedjasjzN\ yrcdiz psriaiwin adiaiitrnarSd leMd i po
statusu witaminy D u dzieci leczonych z powodu MiZSoraz z al e Uno Sc i mi i
a k t y whhah@aby, postaeimi klinicznymi, stosowagm leczenem a st iUeni en
25(OH)D. Wyniki nielicznych opublikowanychlotychczash ada @ suger uj N ni e
( poSr eidzadzieji uebz p o Swpegdymik)in-i PMARDsna st nlUeni e wit
D, podkjreddiaNeSni e cel DwwlSd man teafcd kit ywintoaSnhi
dziecichor uj NMEZgc h n a

13



4. Cel pracy

Gg-wnym zagoUemiamepadawcpymcy bygda ocena
[ mgoeUy |l eczonych z powodu mjodzi eEzego i
juvenile idiopathic arthritisJIA).

Cele pracy:. obej mowagy

-

1. Ocemzaopatrzenia w witaminn D dzieci i mg

2.0kreSlenie powi Nz a GEhyduoksywitamyyy Ds 25(QHD]i em 2

w krwi, klinicznymi wykgadni kami aktywnoSci

3. Poszuki wanie potencjalnych czynnik-w ry
pacjent-w z MI ZS

14



5 Om- wiuldikadjis k § adajiiNcnyac hr oszipr awin dokt or

Pi er wis lzINi kpazestawienius t a n o wi ar t yGam gtamp dgbe ldrd o wy

adjuvant therapydr juvenile rheumatic diseaseg3tawicki MK et al. Rheumatol Int
2023) w ynk przeanalizowanod o st fipne  pii Sobrep jsknoi Scctiwo d an e

w poszukiwaniuinformacji na tematroli wi t ami ny D w | eczeniu w)
reumatycznych u dzieci W t e pracy namajvileedevw c kppakber
szczeg-Ilny skongsemlt e mevatnac jsii ni nlaeczeni u wi
teapi i stosowanych wsp-gczeSnie w reumatol oc

obecnego stanu wiedzy w tym obszarddee wst npi 2wialf fly&k uggauhar akt e
budowin chemicznN, wdaSciwoSci biochemiczne

zegczeg- | nym u yezwpl iysanpireoncieesny kt -re mogN byl

w patogenezn oraz warunkowal przebieg cho
reumatycznycv popul acji dziecincej
Celem tego ar t y khuydo p 0 s z krigtycama n obektywa analiza

oraz podsumowanie dostnpnych danych na t e m:
wybranych chor-b reumatycznych u dzieci

Mat e rmetdy

Przeszukano bazy Medline/ PubMed, EMBASE, Sc
dane z piB8mtgneaNcewapdywu suplementacji i
D na przebieg wybranych Dbodabsrzreupmabhgtizny

uwaghn wyayNcoyzkmuigey napisane w jhzyku angiels

18t ego rokurbwena. bPggfe@race najnowsze, z
Dokonano r-wnieU analizy piSmiennictwa dI :
zweryfi kowal, czy nie zost agyNiegustanowidndit e i s

kryterium czasowego dla wyszukiwarty publikacji. Ostatecznie wszystkie
zidentyfi kowane artykudy przeszgy wstnpnN
wgNczenia na podst awi enatsytipiu efbedetorn ks d 2 av
dokonanej pnmize z abadaddytszelkien i ej asnoSci by @gNrozs
dyskusji, polemiki naukowej i poprzémnsensusOstatecznie przeanalizowano publikacje

dot yemMoce neghocrz-ibScar demaettaei agii dziecificej

czylit akich chor - -b jakcmihiedziagp@d zze/i JIAY osx ppav - w

15



znacznie r zadshoggniamiysd ziipeuEcNzcye t ocze & rumi e
(JSLE), mgodzi e za t ¢88y dzmgnoad zukFadewa di opat
zapal ne, choroba Beh-etzek mkdiica@®yzd , zaep

rodzinna gor Nczk(MFSr - dzi emnomor sk a
Wyniki ip o d s umo wa n i Stawiakr et al. Rhe@gmatol Int 2023

Witamina D wywiera szerokie spektrum kor z
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Tabelal.Char akterystyka béddapejdageumwprpadSiceénimer
[ rozstnpu mindzykwartyl owego tam, gdzie by

Liczba pacjent -

Wiek (lata) * 13,12 (6,23)
Chopcy/ Dzi ewczynki 76/113

Masa ciaga (kg) * 48,5 (240)
Wzrost (cm) * 155,0 (28,0
BMI (kg/m2) * 19,58 (5,26)
MI ZS o poczNtku wiel 83 (43,%)
MI ZS o poczNtku ni el 93 (49,2%)
MI ZS o poczNtku uog- 13 (6,%0)

Pacjenci leczeni GKS (n; %) 73 (38,80)
Pacjenci leczeni MTX (n; %) 84 (44,40)

Medi ana stfinUenia witaminy D WRAI®@si0Oja Wilkaada

witaminy D¢ wi erdzono u 127 wuczestni k- wDhhedani a

bygo zaleUne od pgci, wieku, biNdg&kaT nikk -iw i
stanu zapalnego. StnUeni ez a25(GoBMSH: -0MP)k azy wa
Potwierdzonos Jab N, al e istotnN statiyGernyicg Diwe t ami

ze stfnUeni em9) damhieai 6ne zal eUnoSIi pomindzy
[ zastosowanym | eczeni eRode®j - d egaejné mt -owd dz
stnUeniié¢ owdpmiua wSr - d d z iPacjenciz yiedeboren witaniing o p ¢ - v
Dwymagal i i stotni ev wolWUs avemjand awlkdio MBXj ent - w
25 ( OH) Dwyblysgzo20 my/mi{{p<0,05) Tabel a 2 przedstawi a
badanejgrupyy z al e Uno S@50HIDd st nUeni a
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Tabela2.Char akterystyks l:piao:rj@ecnytc-hN wd Ml & w bada
do stnUenia 25(OH)D powyUe|j] ub poni Ue|j 20
standardowe | ub ** mediana 1 rozstnp mindzy
Niskie s Prawidg WartoSI
25(0OH)D stnUeni e
<20 ng/mL O020/mhg
Liczba pac] 127 (67,2%) 62 (32,8%)
Wiek (lata) ** 13,34; (5,18) 11,84 (8,32) 0,19
Masa ciaga 50,0 (22,0) 45,35 (33,0) 0,14
Wzrost (cm) ** 156,5 (25,0) 148,00 (37,5) 0,15
BMI (kg/m2) ** 19,81 (4,88) 19,06 (6,1) 0,17
Dawka dobowa GKS 5,0 (5,0) 5,00 (5,0) 0,29
(mg) **
Dawka tygodniowa 15,0 (7,5) 12,5 (7,5) 0,02
MTX (mg) **
na m2 powi e
CRP (mg/l) ** 1,0 (3,7) 1,6 (12,0) 0,23
25(0OH)D (ng/ml) ** 12,0 (8,0) 25,5 (6,0) <0,001
Ca (mmolll) * 2,48 N 2, 5212N 0,01
P (mg/dl) * 4,50 N 4,54 N 0,76
ALP (U/l) ** 165,0 (138,0) 172,0 (124,0) 0,70
OB (mm/h) ** 11,50 (22,0) 19,0 (30,0) 0,05
Punktacja w skali 1,5 (0,7) 1,5(0,5) 0,64
JADAS27 **
Zal eUmwgySdaganej dawki MT X ozmbsa sa i peortiwd e r2cb7

wsp-gczynni kiem korelacj i
p<0, 05) .

korel acjn

zmiennymi (r= -0,33,

odwr ot nN

Co

pomi hdzy

wi ncej
de@k N< @)X a s

Pearsona,tymvskazuj

wykazano |

[ f osf or48 p w0,06)Nie znaleziono natomiasttotnegoz wi Nmd&kmi fndzy

dawk N MTX
dobowN
odwr ot n N

dawkN

korelacjn

GKS

or az

or az Odnienribeni iee myAlaR .ano

pomi ndzy

stnUeni em
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wapnia (r =-0,23, p <0,05) f osf or a FO2%W p( 005 & badanych pacj
Zbadane zake¢eHgySprzed3tawione w Tabeli

Tabela3.Kor el acje dw- dawkimi MTXychladwlka GKS, stnl
fosforan-w u dzieci | eczonych z powodu MI ZS

Dawka tygodniowa MTX Dawka dobowa GKS

nam’powi er zch

25(0H)D r=-0,33; p = 0,003 r=-0,08; p = 0,26
StnUeni e wap r=-0,31; p=0,01 r=-0,23;p=0,a

StnUenie fos r=-0,42; p = 0,03 r=-0,27; p = 0,004
ALP r=-0,14; p =0,17 r=-0,79; p = 0,004

W kolejnym etapie analizywykonanowi el omi anadiwNogi segyegsnN mo
zawi egoag KNrce S| onei zgoéeénine z SlpaobSerl-Ndi Kc.zwy n

uwzglfidnionych w model u tylykwaidtsy gwd i, o voad wd -
zal eUOnoSi ze stnUeni em p26aOH)eD u(dwsigmoiagisciziy n n
potwierdzil Il stotnego statystyczni e zwi Nz Kk

uwzgh dni onymi. w model u
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Tabela 4.Wyniki wielomianowej regresji logistycznej przeprowadzonej do analizy

wi eloczynni kowe | parametr-w zwi Nzanych ze s
Wsp- §cz BgNd |95% przedz|Warto
standardowy (95% ClI)
(SE)
Masac i a § a 0,09 0,40 -0,69 0,87 0,82
BMI -0,08 0,32 -0,70 0,54 0,80
GKS dawka 0,18 0,21 -0,24 0,60 0,41
dobowa
MTX dawka 1,79 0,74 0,33 3,24 0,02
tygodniowa na
m?pow.ci a g a
CRP (mg/l) -0,29 0,23 -0,74 0,17 0,21
OB (mm/h) -0,72 0,23 -0,51 0,37 0,75
Ca(mmol/l) -0,13 0,19 -0,51 0,24 0,48
P (mg/dl) 0,32 0,21 -0,10 0,73 0,13
ALP (U/N) 0,01 0,20 -0,37 0,40 0,94
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Whioski z badania opublikowanego w NutrientgStawicki et al. 2022

Deficyt witaminy D wyraUasOHDsobgpuayg@maNaogijn
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Abstract

Vitamin D, known for its essential role in calcium and bone homeostasis, has multiple effects beyond the skeleton, including
regulation of immunity and modulation of autoimmune processes. Several reports have shown suboptimal serum 25
hydroxyvitamin D [25(OH)D] levels in people with different inflammatory and autoimmune rheumatic conditions, and
an association between 25(OH)D levels, disease activity and outcomes. Although most available data pertain to adults,
insights often are extended to children. Juvenile rheumatic diseases (JRDs) are a significant health problem during growth
because of their complex pathogenesis, chronic nature, multisystemic involvement, and long-term consequences. So far,
there is no definitive or clear evidence to confirm the preventive or therapeutic effect of vitamin D supplementation in
JRDs, because results from randomized controlled trials (RCTs) have produced inconsistent outcomes. This review aims to
explore and discuss the potential role of vitamin D in treating selected JRDs. Medline/PubMed, EMBASE, and Scopus were
comprehensively searched in June 2023 for any study on vitamin D supplementary role in treating the most common JRDs.

IRTIPTES

We used the following keywords: “vitamin D" combined with the terms “juvenile idiopathic arthritis”, “juvenile systemic
scleroderma”, “juvenile systemic lupus erythematosus”, “juvenile inflammatory myopathies”, “Behcet disease”, “periodic
fever syndromes™ and “juvenile rheumatic diseases”. Observational studies have found that serum 25(OH)D concentrations
are lower in juvenile idiopathic arthritis, juvenile systemic lupus erythematosus, juvenile systemic scleroderma, Behcet
disease and proinflammatory cytokine concentrations are higher. This suggests that vitamin D supplementation might be
beneficial, however, current data are insufficient to confirm definitively the complementary role of vitamin D in the treatment
of JRDs. Considering the high prevalence of vitamin D deficiency worldwide, children and adolescents should be encouraged
to supplement vitamin D according to current recommendations. More interventional studies, especially well-designed RCTs,
assessing the dose—response effect and adjuvant effect in specific diseases, are needed to determine the potential significance
of vitamin D in JRDs treatment.

Keywords Vitamin D - Juvenile idiopathic arthritis - Juvenile systemic lupus erythematosus - Juvenile systemic
scleroderma - Idiopathic inflammatory myopathies - Periodic fever syndromes
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Introduction

Vitamin D’s role in the human body extends beyond
maintaining the skeleton’s mineral balance. A secosteroid
hormone, vitamin D exerts its functions via the vitamin
D receptor (VDR), a transcription factor found in the
skin, muscle, skeleton, kidney, adipose tissue, pancreas,
blood vessels, brain, breast tissue, placenta, and immune
cells. Vitamin D not only is synthesized mainly in the
skin through sun exposure but also is obtained through
supplements and, to a lesser extent, dietary sources such
as fish and fortified foods [1].

Vitamin D has been extensively studied in various
health issues, including chronic and infectious diseases.
Although the evidence regarding its significance and
preventive role is not entirely consistent, well-designed
studies generally support the notion that vitamin D offers
several health benefits across the stages of life [2—4].

Juvenile rheumatic diseases (JRDs) encompass a
range of conditions affecting joints, tendons, muscles,
ligaments, and bones, as well as vital organs such as the
lungs, heart, and kidneys. The exact causes of most JRDs
and connective tissue diseases are not fully understood,
and their etiology is believed to be multifactorial [5].
Therefore, treatment of those conditions often targets
multiple mechanisms or symptoms. Management protocols
for JRDs are disease-specific, and many therapies rely on
classical or biological disease-modifying antirheumatic
drugs (DMARDs). Given the chronic nature of those
conditions, which affect children’s present and future
health, managing JRDs typically involves long-term
treatment strategies that require regular monitoring of
therapeutic outcomes, advantages, and potential adverse
reactions [6].

Previous researchers have investigated how adequate
serum 25-hydroxyvitamin D [25(OH)D] concentration
affects juvenile and adult rheumatic diseases. However,
findings have been inconsistent and data regarding the
pediatric population remain limited [7-10]. Likewise,
beneficial effects of vitamin D intake and supplementation
have been observed in patients with various chronic
diseases, including those with rheumatic diseases [11-14].
Vitamin D’s positive influence on disease progression
and outcomes is probably due to its role in maintaining
bone turnover, calcium homeostasis, muscle function, and
mineral metabolism, as well as regulating immune and
inflammatory responses [4, 15]. The existing literature
emphasizes the importance of maintaining high or
optimal concentrations of serum 25(OH)D in shaping the
clinical manifestations of rheumatic diseases, although
the available data focus mainly on the adult population.

@ Springer

Vitamin D’s potential therapeutic role in JRD remains
poorly understood.

This review aims to assess vitamin D’s specific role as
a treatment component or therapeutic agent in JRDs. We
sought to gather and summarize the available evidence on
vitamin D supplementation in selected juvenile rheumatic
conditions.

Methods

Medline/PubMed, EMBASE, and Scopus were
comprehensively searched in June 2023 for any study on
vitamin D supplementary role in treating the most common
JRDs. We used the following keywords: “vitamin D”
combined with the terms “juvenile idiopathic arthritis”,
“juvenile systemic scleroderma”, “juvenile systemic lupus
erythematosus”, “juvenile inflammatory myopathies”,
“juvenile rheumatic diseases”, “Behcet disease”, “periodic
fever aphthous stomatitis pharyngitis and adenopathy
syndrome”, “familial Mediterranean fever”, “hyper-IgD
syndrome”, “cryopyrin-associated periodic syndrome”,
“tumor necrosis factor receptor-associated periodic
syndrome”, “periodic fever syndromes”. The search
strategies for each database can be found in Appendix.
No publication date restriction was applied. Only papers
in English regarding populations younger than 18 years
were taken into consideration. Most recent and most cited
publications were in favor. In addition, we screened the
reference lists of the selected publications to ensure that no
potentially relevant studies were missed. Forward references
searching of included studies was conducted using Web
of Science to identify other research that has referenced
any article of interest. Finally, all identified articles were
screened for eligibility, first based on their title and abstract,
followed by a review of their full text carried out by two
independent reviewers (MS and GS), and any conflicts were
resolved by consensus.

Vitamin D: chemistry, metabolism, optimal
serum concentration, and supplementation
guidelines

Cholecalciferol, vitamin D, is produced in the epidermis
from 7-dehydrocholesterol upon exposure to solar energy.
Solar UVB radiation (wavelength, 290-315 nm) breaks the
chemical bond between carbon atoms 9 and 10, forming
previtamin D5, which is later converted into chemically
stable vitamin D,, known as cholecalciferol. After
attaching to the transporting molecule, vitamin D-binding
protein (VDBP), cholecalciferol travels to the liver.
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Excessive sun exposure does not result in overproduction
or intoxication of vitamin D; sunlight decomposes any
surplus. Organic synthesis is the richest source of vitamin
D, but it also can be obtained through dietary intake (e.g.,
fish, meat, offal, mushrooms, eggs, fortified food) and
supplementation [1, 16].

When reaching the liver, cholecalciferol is converted by
oxidases related to cytochrome P450 (CYP2RI1 is believed
to be the first 25-hydroxylase) into calcidiol [25(OH)D].
From the human liver, the VDBP-25(OH)D complex is
then transported to the kidneys, where la-hydroxylase
Cyp27B1, another CYP450-related enzyme, maintains
conversion to calcitriol [1,25(0OH),D], the biologically
active form of vitamin D. Calcitriol increases the intestinal
absorption of calcium and phosphate, increases expression
of fibroblast growth factor 23, and decreases parathyroid
hormone (PTH) production. All the above factors control
calcitriol production in feedback mechanisms [15,
16]. Increased expression of 25-hydroxyvitamin D-24-
hydroxylase, which catabolizes calcitriol to an inactive
form, self-regulates the concentration of calcitriol.

Vitamin D’s positive influence on skeletal health is
well-known and thoroughly described. Vitamin D plays a
major protective role against rickets and osteomalacia [4].
It helps regulate calcium homeostasis and has a positive
influence on bone mineral density (BMD) [7]. Given that
VDR and CYP27B1 are present in many cell types [17],
vitamin D has a vast range of potential nonskeletal effects.
It is related to the proliferation and differentiation of
epidermal cells and improves wound healing [18]. Evidence
also exists to substantiate vitamin D’s beneficial effects in
reducing cardiovascular risk factors and the frequency of
cardiovascular events [ 14]. Unfortunately, those findings do
not fully correspond to the results of interventional studies
owing to their incorrect design [19, 20].

Skin synthesis is a major source of vitamin D [21].
However, its production can be limited by factors such as
weather conditions and geographical location. For example,
in Central Europe, sufficient sun availability for vitamin
D synthesis occurs only between late April and carly
September [22]. Other limitations include skin type, age,
use of sunscreens that can reduce UVB radiation absorption
by 90-95%, cancer awareness, and wearing clothing that
covers arms and legs [21].

The concentration of 25(OH)D is considered the most
appropriate indicator of vitamin D status, representing both
synthesized and supplemented vitamin D with a half-life of
2-3 weeks. Current recommendations define concentrations
below 20 ng/ml as deficient and concentrations of 21-29 ng/
ml as insufficient [23, 24]. An optimal concentration is
considered to be between 30 and 50 ng/ml, with levels above
30 ng/ml being significant and sufficient for positive effects
on the skeletal system [16, 24]. Discussions are ongoing

regarding whether that concentration of 25(OH)D also
confers full extraskeletal effects [4, 25]. Despite vitamin
D’s widespread and positive influence on human health,
population studies reveal that vitamin D deficiency remains
a global concern [16, 26-28].

Supplementation and treatment of vitamin D
deficiency are regularly reevaluated. According to current
recommendations, daily supplementary and therapeutic
doses range from 400 to 2000 IU/day [23-29], which can
achieve a concentration of 25(OH)D above 29 ng/ml. Several
studies have confirmed the safety and lack of observed
side effects for higher doses [30, 31]. Recommendations
emphasize that dosage should be adjusted based on
individual patient factors, including comorbidities and
obesity. Doses should be modified accordingly, considering
both the increased requirement for vitamin D and the
potential toxic effects of excessive doses. Pending
reliable data from well-designed clinical trials, general
recommendations for the healthy population are typically
followed.

Multipotential and pleiotropic effects of vitamin D

Vitamin D’s biological actions are moderated by the VDR,
a transcription factor expressed not only in muscle and bone
cells but also in a spectrum of human tissues including
immune cells [32]. Vitamin D-activated VDR is believed
to have multiple binding sites throughout the genome with
the possibility to affect the regulation of multiple gene
transcription [15, 32, 33]. The genetic process by which
1,25(0OH),D exerts its effects includes the direct attachment
of activated VDR to particular DNA sequences known as
vitamin D response elements located near target genes.
That binding can either activate or suppress transcription
[33]. In addition, vitamin D exerts rapid effects that occur
independently of gene transcription. Those nongenomic
actions involve binding to membrane receptors, regulating
calcium homeostasis, influencing ion channels, influencing
cellular differentiation and proliferation, exhibiting anti-
inflammatory effects, and potentially affecting neurological
processes [34].

Vitamin D and bones

Among vitamin D’s various functions in the body, the most
essential is to maintain proper skeletal balance. Vitamin D is
responsible mainly for maintaining adequate calcium levels.
‘When serum calcium decreases, PTH secretion is stimulated,
leading to the synthesis of calcitriol. Calcitriol enhances
intestinal calcium absorption, which depends on dietary
intake, solubility, and intestinal capacity [35]. Both PTH and
calcitriol promote calcium reabsorption in the kidneys’ distal

@ Springer

27



1996

Rheumatology International (2023) 43:1993-2009

tubules while inhibiting phosphate reabsorption, directly or
indirectly [36].

Vitamin D and PTH also induce calcium mobilization.
Along with interleukin 6 (IL-6), they stimulate osteoblasts
to express the receptor activator of NF-xB ligand (RANKL).
RANKL interacts with the RANK receptor on osteoclast
progenitor cells, facilitating osteoclast maturation and later
activation. Osteoblasts produce osteoprotegerin, a decoy
receptor for RANKL, which helps regulate the osteoclastic
response [37]. Activated osteoclasts are responsible for
bone resorption, leading to increased serum calcium levels
[38]. The elevated calcium level, resulting from increased
intestinal absorption and bone resorption, activates receptors
that reduce PTH production and then decrease 1,25(0OH),D.
In addition to increasing bone resorption, vitamin D also
restricts bone mineralization, enhancing calcitriol’s
hypercalcemic effect [34].

Furthermore, prolonged vitamin D deficiency, leading to
deficient phosphate levels, is proven to disrupt the balance
of cartilaginous growth plates in animal models [39, 40].
Dysregulation of hypertrophic chondrocyte apoptosis
promotes cartilage expansion and widening by reducing
chondrocyte apoptosis, resulting in delayed growth
plate mineralization in children. Moreover, decreased
vascular endothelial growth factor and RANKL restrict
vascularization as well as the production and differentiation
of chondrocytes and osteoclasts [41].

Conversely, vitamin D exerts opposite effects when
calcium levels are sufficient. Stimulating the VDR promotes
mature osteoblasts, leading to anabolic and antiresorptive
effects and increased bone mass. The antiresorptive effect
is mediated by a decreased RANKL/osteoprotegerin ratio,
whereas the anabolic effect may be associated with increased
expression of LRP5 [34].

The physiological significance of the diverse and
sometimes opposing effects of VDR signaling in osteogenic
cells is still not fully understood and requires further
investigation.

Vitamin D and immunity

Vitamin D exerts a significant influence on the immune
system and plays a crucial role in modulating both innate
and adaptive immunity in various ways. The active form
of vitamin D, 1,25(OH),D, hinders the adaptive immune
response while enhancing innate immunity. Additionally,
local production of 1,25(OH),D by monocytes and
macrophages, leads to the production of immunoglobulins
by B lymphocytes and reduces the synthesis of autoimmune
antibodies [34]. Vitamin D also plays a beneficial role in
stabilizing endothelial membranes [42].

Many studies have shown vitamin D’s preventive effects
against bacterial and viral infections, achieved by inducing
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the production of the antimicrobial peptide cathelicidin (LL-
37) and reactive oxygen species [3, 43]. That mechanism is
particularly crucial, because infections pose a significant risk
for autoimmune diseases [44].

In immune cells, intracrine production of 1,25(OH),D
influences adaptive immunity by inhibiting T-cell-driven
inflammation and transforming dendritic cells into a more
tolerogenic state, characterized by the production of IL-10.
Consequently, dendritic cells™ ability to present antigens
and activate T cells decreases [45]. In addition, 1,25(OH),D
suppresses the production of IL-12, IL-23, and IL-6, thereby
inhibiting the development of Th1 cells that produce gamma
interferon (IFN-y) and IL-2, as well as Th17 cells that
produce IL-17 [46].

Furthermore, an increase occurs in the production
of T regulatory cells that exert suppressive effects on
inflammatory processes [47-49]. Those diverse effects of
vitamin D make it an intriguing subject for researchers
investigating autoimmune diseases.

Other extraskeletal effects of vitamin D

Because VDR is expressed in a variety of human cells,
different effects of vitamin D are observed. Many are under
investigation without firm conclusions. Although available
data remain scarce, administering standard doses of vitamin
D to vitamin D-deficient older patients seems to improve
muscle function and play a beneficial role in decreasing
the incidence of falls [50, 51]. In addition, vitamin D’s
contribution to bone health, which supports muscles, can
help prevent fractures. More well-designed trials are required
to establish the optimal serum 25(OH)D concentration and
dosage for vitamin D to exert a positive muscular effect.

Both in vitro and in vivo studies postulate the relationship
between vitamin D and cancer, especially colon cancer. Low
vitamin D status is linked with several cancers, whereas
vitamin D influences cell maturation, differentiation, and
apoptosis [34, 52]. As well as being involved in angiogenesis,
vitamin D can regulate the metastatic potential of many
tumors [53, 54]. Unfortunately, even large clinical studies
failed to prove that vitamin D supplementation is related
to a lower incidence of cancer or better outcomes. Some of
those failures were due to inappropriate study design [52,
54, 55]. Also, Mendelian randomization studies reported no
relationship between serum 25(OH)D and cancer incidence
except for ovarian cancer [56].

A strong connection also is evident between a complete
absence of vitamin D action and negative cardiovascular
effects arising from preclinical studies, including
biochemical, genetic, and animal data. Vitamin D can
decrease the risk of cardiovascular disease by mitigating
factors such as vascular inflammation, endothelial
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dysfunction, smooth muscle cell proliferation, hypertension,
and secondary hyperparathyroidism [57]. Although some
intervention studies conducted confirmed a positive
association between higher 25(OH)D concentration and
better control of systolic and diastolic blood pressure [58],
others produced conflicting results [59]. The causal nature
of the associations between vitamin D and cardiovascular
disease remains uncertain, and further research is needed to
explore potential differences across patient populations [19].

Effects of vitamin D on juvenile rheumatic diseases

Beginning in childhood or adolescence, JRDs encompass
a spectrum of diseases that affect the connective tissue and
musculoskeletal system. All such diseases share similar
symptomatology, although each has specific symptoms
[5]. Although the pathomechanisms of those diseases have
not been fully understood, genetic, environmental, and
immune-related mechanisms are believed to contribute to
the pathogenesis. JRDs are originally associated mainly with
arthritis, but the possibility of systemic involvement varies
depending on the type of disease [6, 60].

As mentioned, vitamin D deficiency is a growing problem
in the world’s population, including children and adolescents
though biogeographical, ecological and ethnic factors may
also matter leading to some differences. Global guidelines
indicate the need for vitamin D supplementation and suggest
optimal supplementation doses for specific age and risk
groups, with cholecalciferol being the first choice. Most
guidelines also suggest an upper dose level and recommend
that supplementation be monitored through serum 25(OH)
D concentrations. Also, because of the lack of detailed
data, many guidelines suggest that in some cases, such
as prolonged therapy with steroids, doses be consistently
increased two to three times. Those recommendations also
apply to the pediatric population [23, 24].

This section will focus only on the most frequent
representative diseases included in the whole group of JRDs.
We aimed to present representative, but not exhaustive, data
about possible associations between vitamin D and JRDs
(Table 1).

Juvenile idiopathic arthritis

Juvenile idiopathic arthritis (JIA) is a heterogeneous group
of chronic arthritides with clinical manifestation starting
before the age of 16 years, comprising seven subtypes.
The symptoms are predominantly related to inflammation
of peripheral articulations but also can involve axial joints,
as well as extra-articular structures such as the uvea, skin,
entheses, bursae, and internal organs. The prevalence of JIA
varies between 16 and 150 per 100,000 people, making the
disease the most common JRD [61]. The pathogenesis of

JIA remains under investigation, but it seems to be related
to genetic susceptibility and environmental factors that
destabilize immune harmony. JIA subtypes are associated
with human leukocyte antigen (HLA) genes, similar to
rheumatoid arthritis, but also with non-HLA-related genes
[62]. Also, many immunological processes involved in JIA
development promote aberrant activation of immune cells
and increase production of proinflammatory mediators,
mainly tumor necrosis factor alpha (TNF-a), IL-1, IL-6,
IL-17, and CXCL9, enhancing synovitis and further bony
erosions [63]. Despite the heterogeneity, different subsets
of JIA patients are treated similarly. The first-line therapy
includes nonsteroidal anti-inflammatory drugs, followed by
DMARDs, with methotrexate (MTX) as the drug of first
choice in almost all patients. In addition, the growing role
of biological DMARDs should be highlighted. Treatment
needs to begin as soon as possible to achieve remission or
minimize disease activity [64].

Despite the effectiveness of the current treatment, some
JIA patients do not achieve sustained remission, prompting
the search for new therapeutic options. Also, treatment
with MTX can further decrease 25(OH)D concentration,
requiring adequate vitamin D supplementation [65]. Vitamin
D deficiency has often been reported in children with JIA
and may be associated with disease frequency and activity,
although conflicting findings exist [62, 66, 67]. A study on
sun exposure and JIA risk showed that higher UV radiation
doses before diagnosis and sun exposure during pregnancy
were associated with lower risk and frequency of JIA,
potentially linked to dose-dependent vitamin D synthesis
in the skin [68].

Instead, a study by Thorsen et al. reported no association
between serum 25(OH)D concentration at birth and the
risk of JIA later in life [69]. Similarly, a recent Mendelian
randomization study by Clarke and colleagues showed no
causal relationship between serum 25(OH)D and JIA [70].
Even 50, considering the immunomodulatory properties and
potential immune-restoring effects of vitamin D discussed
carlier, we aim to explore how it affects JIA treatment and
outcomes.

In a placebo-controlled RCT, Tang et al. found that
supplementation with 2000 IU of cholecalciferol per
day increased serum 25(OH)D concentration but did not
significantly affect BMD or disease activity in JIA patients
[71]. Observational studies by Nandi et al. and Sengler
et al. reported negative correlations between 25(OH)D
concentration and disease activity in JIA patients, as well as
an increased risk of JIA-related uveitis [72, 73]. However,
Comak et al. found no difference in disease activity or
25(OH)D concentration between JIA patients with and
without standard-dose supplementation [74]. Marini and
colleagues observed suboptimal 25(OH)D concentration in a
majority of JIA patients, with no significant improvement in
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Table 1 Published data regarding the status of vitamin D and its therapeutic potential in selected rheumatic diseases in pediatric population

Ref. Study design

Results

Juvenile idiopathic arthritis
Tang et al. (2019) [71] RCT

Chiaroni-Clarke et al. (2019) [68] Retrospective

Thorsen et al. (2017) [69] Case—control

Clarke ct al. (2023) [70]
Nandi et al. (2022) [72]

Observational

Sengler et al. (2018) [73] Observational

Comak ctal. (2014) [74] Retrospective

Dagdeviren-Cakir et al. (2016) Cross-sectional

[76]

Bouaddi et al. (2014) |77] Cross-sectional

Juvenile systemic lupus erythematosus
Lima et al. (2016) [88] RCT

Lima et al. (2018) [89] RCT
Cross-sectional

Abo-Shanab et al. (2021) [83]

Stagi ct al. (2014) [84] Cross-sectional

Tabra et al. (2020) [85] Cross-sectional

Mendelian randomization

Supplementation with 2000 TU of cholecalciferol daily for 24 weeks
significantly increased serum 25(OH)D levels in the study group compared
with the control group. No differences according to BMD, and disease activity
assessed with JADAS-27 were found between groups

Higher prediagnosis UVR exposure was associated with a lower risk of JIA,
with a dose-response relationship. UVR exposure at 12 weeks of pregnancy
was inversely linked to JIA. Lower UVR exposure may increase JIA risk

No significant association was found between 25(OH)D levels and the risk of
JIA. No evidence that 25(OH)D levels around birth are linked to later JIA risk

No evidence indicating a causal relationship between genetically predicted
25(OH)D levels and the incidence of JTA. Lack of evidence suggesting that
genetically predicted JTA causally affects 25(OH)D levels

A significant negative correlation between the JADAS-27 score and serum
vitamin D was confirmed. The corrected Chi-square test showed a significant
association between serum vitamin D status and disease activity groups

~50% of the patients had inadequate 25(OH)D levels (<20 ng/ml) in the initial
serum sample, whereas 25% had inadequate levels in both samples. Inverse
correlation between serum 25(OH)D, disease activity, and risk of developing
JIA-associated uveitis

Significant negative correlation between vitamin D levels and discase activity.
Patients with 25(0OH)D levels < 15 ng/ml had significantly higher mean
JADAS-27 scores than patients with 25(OH)D levels > 15 ng/ml

No significant difference in vitamin D levels between activation and remission
periods in JIA patients. No significant association between disease activity
and serum 25(OH)D. Significantly lower vitamin D levels in JIA and FMF
children compared with healthy controls. Patients with JIA and FMF often
showed vitamin D deficiency and insufficiency

75% of patients exhibited hypovitaminosis D. Univariate analyses confirmed a
negative correlation between 25(OH)D and DAS-28 scores in polyarticular
and oligoarticular JIA. No significant association was found between 25(0OH)
D levels and BASDALI scores in juvenile spondyloarthropathy. Multivariate
linear regression did not confirm any association between 25(OH)D levels and
DAS-28 scores

Patients with JIA supplemented with a weekly dose of 50,000 U of
cholecalciferol for 24 weeks presented not only higher serum 25(OH)D
levels but also a significant improvement in SLEDAI, ECLAM, and fatigue
reduction compared with controls

Significantly higher trabecular number with a decrease in trabecular separation
at the tibia site was observed in patients supplemented with 50,000 IU of
cholecalciferol per week compared with controls

JSLE patients showed significantly higher levels of IFN-y and IL-17. and
significantly lower levels of 25(OH)D than in controls. Negative correlation
between 25(OH)D and both SLEDAI-2K and IFN-y

JSLE patients, especially with active discase, had lower 25(OH)D levels than
controls. Moreover. reduced total calcium levels, increased phosphate levels,
and higher BSAP and PTH were observed. jSLE patients had lower spine
BMAD SDS values than controls, with higher values in patients with 25(OH)
D sufficiency and insufficiency than in those with deficiency (p <0.001)

Significant differences in mean 25(OH)D concentrations between patients and
controls, with significant differences between active and inactive patients.
Significant negative correlations between serum 25(0OH)D and SLEDAIL
steroid dose, anti-dsDNA, 24-h proteinuria, and PTH. Significant positive
correlations between 25(OH)D and C3, C4, serum calcium, and Z score,
whereas nonsignificant correlations were found between 25(OH)D and serum
phosphorus, disease duration. and steroid duration
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Table 1 (continued)

Ref. Study design Results

Caetano et al. (2015) [86] Observational No significant difference in FMI, LMI, or ZBMI between measurements from
the two-time points was found. Significant decrease in BMD in patients
without vitamin D supplementation. Nearly half of the patients had altered
nutritional status

Peracchi ct al. (2014) [87] Cross-sectional Patients with JSLE exhibited significantly lower mean levels of calcium,
albumin, and alkaline phosphatase compared to controls. Inadequate serum
25(OH)D concentrations were more often observed in jSLE patients than
in controls. No associations were found with disease activity, PTH levels,
alkaline phosphatase levels, medication use, or alterations in BMD

Behget disease

Can et al. (2012) [122] Observational BD patients commonly exhibited reduced levels of serum 25(OH)D. Vitamin
D replacement had beneficial effects on endothelial function and led to
a significant improvement in CIMT. Although FMD measurements also
improved, the improvement did not reach statistical significance

Omar et al. (2022) [124] Case—control The study found that lower vitamin D levels in BD patients are associated with
increased oxidative stress. Vitamin D levels were inversely correlated with
disease activity, inflammation markers, and oxidative stress markers, while
positively correlated with antioxidant levels

Giingor et al. (2016) [125] Case—control Vitamin D-deficient patients had significantly higher baseline plasma levels of
ESMs compared to vitamin D sufficient patients, but there were no significant
differences in baseline TLRs levels between the two groups. After vit D
replacement, the mean plasma levels of ESMs significantly decreased, while
the mean plasma levels of TLRs showed a decrease, but it was not significant.
The active stage discasc rate was slightly higher in the pre-treatment group
compared to the post-treatment group, but the difference was not significant

Hamzaoui et al. (2010) [126] Cross-sectional Patients with active BD had lower vitamin D levels compared to both inactive
BD patients and healthy controls. In active BD, vitamin D levels were found
to be correlated with CRP and ESR levels. Additionally, serum vitamin D
levels showed a positive correlation with the number of Treg cells. On the
other hand, the Th1/Th2 ratio was inversely correlated with serum 25(OH)D
levels

Zhong et al. (2021) [128] Mendelian randomization The analysis using inverse variance weighted estimate revealed that a
genetically increased 25(OH)D level was linked to a higher risk of Behget’s
discase

Periodic fever, aphthous stomatitis, pharyngitis and adenitis syndrome (PFAPA)

Stagi ct al. (2014) [135] Interventional study PFAPA patients displayed lower 25(OH)D levels compared to controls. Winter
25(OH)D levels were notably reduced compared to those measured in summer
and were significantly lower than in healthy controls. Serum 25(OH)D levels
showed correlations with both fever episodes and C-reactive protein values.
Following repletion, PFAPA patients experienced a significant decrease in the
number and duration of febrile episodes

Familial Mediterranean fever (FMF)

Kazem et al. (2021) [138] cross-sectional Following a 6-month dietary intervention involving Curcumin, vitamin D,
and flaxseed, FMF patients in the study group experienced significant
improvements in clinical presentation, cognitive test results, and overall
well-being. The intervention also led to a notable increase in serum 25(OH)D
levels and a decrease in CRP levels

25(0OH)D 25-hydroxyvitamin D, anti-dsDNA anti-double-stranded DNA, BASDAJ Bath ankylosing spondylitis disease activity index, BMAD
SDS bone mineral apparent density standard deviation score, BMD bone mineral density, BSAP bone-specific alkaline phosphatase, CIMT
Carotid Intima-Media Thickness. CRP C-reactive protein, ECLAM European consensus lupus activity measurement, ESM Endothelial selectine
molecules, ESR erythrocyte sedimentation rate, FMD brachial artery tlow mediated dilatation, FMF Familial Mediterranean Fever, FMI fat mass
index, /FN-y gamma interferon, /L-17 interleukin 17, JIA juvenile idiopathic arthritis, jSLE juvenile systemic lupus erythematosus, LM/ lean
mass index, PTH parathyroid hormone, RCT randomized controlled trial, SLEDA/ systemic lupus erythematosus disease activity index, TLR toll-
like receptor, Treg regulatory T lymphocytes, ZBMI Z score body mass index
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25(OH)D concentration in those receiving supplementation.
The researchers also identified associations among VDR
polymorphisms and JIA susceptibility and serum 25(OH)
D concentrations [75].

In a cross-sectional case—control study, Dagdeviren-
Cakir et al. found significantly lower serum 25(OH)D
concentration in JIA patients than in healthy controls,
although no association with disease activity was observed
|76]. Similarly, Bouaddi et al. reported a negative correlation
between 25(OH)D and DAS-28 for certain JIA subtypes, but
without statistical significance [77].

JIA patients often have vitamin D insufficiency or defi-
ciency, and more well-designed RCTs are needed to confirm
the potential associations. Rapid supplementation with regu-
lar monitoring and dosage adjustments, along with efforts to
determine optimal supplementation doses and duration for
children with JIA, is recommended.

Juvenile systemic lupus erythematosus

The prevalence of systemic lupus erythematosus (SLE)
varies geographically, ranging from 29 to 210 per 100,000
people in Europe and from 48 to 366 per 100,000 people in
North America [78]. Juvenile SLE (jSLE) is diagnosed in
patients younger than 16 years, accounting for approximately
10%-20% of all SLE cases [79]. jSLE and adult SLE
(aSLE) have similar symptomatology, pathophysiology,
and treatment patterns, but jSLE often presents with a more
acute and aggressive clinical course, with higher rates of
systemic involvement, particularly in the kidneys, blood, and
nervous system [80]. The disease course varies within the
pediatric group, with rare cases in patients younger than
5 years, limited symptoms in prepubertal onset, and a peak
incidence at age 12-14 years [81].

In jSLE, serological testing shows a higher occurrence
of anti-double-stranded DNA antibodies and antibodies
against cellular components than in aSLE. However, a
larger percentage of jSLE patients do not exhibit antinuclear
antibodies, particularly during the prepubertal period [79].
Pathophysiology of jSLE is characterized by increased
activation of B and effector T lymphocytes, reduced
regulatory T cells, elevated proinflammatory cytokines,
and decreased immune-regulating cytokines. Although
some mutations increase susceptibility to SLE, most cases of
JSLE are not solely attributed to genetic factors, but pediatric
patients may have a higher prevalence of gene variants
associated with SLE risk [81].

Treating jSLE requires more immune-modulating
medications, including glucocorticosteroids (GCS),
than for aSLE, because jSLE exhibits higher disease
activity measured by the SLE disease activity index [82].
Some studies suggest an inverse correlation between
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proinflammatory cytokines (IFN-y and IL-17) and serum
25(OH)D concentration in jSLE patients [83]. Analysis of
the literature indicates that jSLE patients are commonly
vitamin D deficient [84, 85], and its potential role in
treatment has been investigated. A cross-sectional study by
Tabra et al. reported lower serum 25(OH)D concentration in
JSLE patients, with significant correlations between 25(OH)
D concentration and disease activity, steroid dose, and
biomarkers [85]. Similar observations were made by Stagi
et al., showing correlations between 25(OH)D concentration
and various parameters, including BMD [84]. Caetano et al.
studied female adolescents with jSLE and found a significant
decrease in BMD over time, particularly in patients without
vitamin D supplementation [86]. In contrast, Peracchi et al.
did not find significant correlations between 25(OH)D
concentration and disease activity, PTH, or BMD in jSLE
patients, despite a lower concentration of 25(OH)D than in
controls [87].

Two RCTs investigated vitamin D’s influence on
JSLE. In a double-blind, placebo-controlled trial, Lima
et al. administered oral cholecalciferol supplementation
(50,000 IU per week) to one group of 40 jSLE patients for
24 weeks [88]. The intervention group showed an increased
25(0OH)D concentration and significant improvements
in disease activity and fatigue in comparison with the
controls. The second RCT from Lima et al. revealed
significant improvement in bone microarchitecture,
reflected in the increased trabecular number and decreased
trabecular separation, after a weekly dose of 50,000 U
of cholecalciferol administered for 24 consecutive weeks
compared to placebo [89].

Vitamin D deficiency is prevalent in jSLE patients and
may contribute to the onset of the disease. Despite jSLE’s
more aggressive nature and the need for anti-inflammatory
medications, including GCS, vitamin D supplementation is
a reasonable addition to the treatment regimen. However,
the reviewed studies used fixed doses of vitamin D and did
not achieve adequate intake in all patients, complicating
efforts to determine the optimal dosage for jSLE treatment.
Certainly, further well-designed trials are needed to explore
vitamin D’s immunomodulatory role, because current data
are limited.

Juvenile systemic scleroderma

Juvenile systemic scleroderma (jSSc) is an inflammatory
connective tissue disorder with various degrees of
multisystemic involvement diagnosed in children younger
than 16 years. According to the most recent data, the
prevalence of jSSc is estimated at 3 cases per million
children [90], and the incidence is approximately 0.27 cases
per million children. Moreover, less than 10% of all systemic
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scleroderma cases begin in childhood or adolescence [91].
The pathogenesis is multifactorial and not fully understood.
However, both adult-onset and jSSc are believed to share
the same underlying mechanisms. The disease arises from
dysregulation of both the innate and adaptive immune
systems, leading to an imbalance favoring proinflammatory
cells and resulting in the overproduction of proinflammatory
and profibrotic cytokines, including IL-6, IL-4, IL-1,
transforming growth factor beta, and autoantibodies. A
significant reduction in T regulatory cells also occurs.
Those inflammatory processes affect the microvasculature,
promoting vasoconstriction and leading to vascular damage
and remodeling. Furthermore, fibroblasts transform
into secretory subtypes that produce more collagen and
profibrotic cytokines [92-94]. Some studies have identified
genetic and environmental factors that may increase
susceptibility to the disease [95]. The autoantibody patterns
differ between types of SSc. Lower prevalence of antinuclear
antibody and anti-topoisomerase I antibody (anti-Scl-70) has
been found in jSSc, whereas anticentromere and anti-RNA
polymerase III may be more prevalent [96].

Clinical manifestations of jSSc involve the skin
(especially the face and hands) and peripheral circulatory
disorders such as Raynaud’s phenomenon. Musculoskeletal
involvement is common, with symptoms such as joint
stiffness and muscle weakness but gastrointestinal,
pulmonary, and cardiovascular systems also can be affected
[97, 98]. Three main subtypes of jSSc are distinguished:
diffuse cutaneous, limited cutaneous, and overlapping [99].

Several studies have highlighted notable differences
in progression between juvenile- and adult-onset SSc.
According to Adrovic et al., adult patients exhibit a
significantly higher frequency of interstitial lung disease than
their juvenile counterparts [100]. Although no significant
differences were observed regarding renal, gastrointestinal,
and cardiac involvement, a significantly higher incidence
of arterial hypertension was reported among adults.
Conversely, jSSc patients presented a significantly higher
incidence of arthralgia and arthritis, but no disparities
were observed in other musculoskeletal symptoms. Also,
the predominant disease subtype varied significantly, with
juvenile patients more commonly diagnosed with the diffuse
cutaneous subset of SSc, whereas the limited cutaneous SSc¢
subset was more prevalent among adult patients. Foeldevari
and colleagues [101] reported similar findings. Research
has shown that adults with diffuse cutaneous SSc have
lower levels of serum 25(OH)D than patients with limited
cutaneous SSc [102]. Moreover, vitamin D-deficient diffuse
SSc patients experience reduced quality of life [103]. Those
findings collectively highlight the importance of focusing on
jSSc patients and their vitamin D levels.

Distinct treatment patterns were observed between jSSc
and adult-onset SSc. MTX and GCS were more often used

in jSSc than in adult-onset SSc, whereas no significant
differences were noted regarding the use of other DMARD:s.
Conversely, adult patients more often required calcium
channel blockers and angiotensin-converting enzyme
inhibitors, potentially due to the higher incidence of organ
involvement, including those affecting the cardiovascular
system [100, 101, 104].

Although available data confirm that jSSc patients are at
risk of vitamin D deficiency [105], no trials investigating
the role of vitamin D supplementation in jSSc could be
found. The identified studies discussed only cholecalciferol’s
theoretical influence on disease progression. Importantly,
there are no significant contraindications to administering
vitamin D in jSSc, although well-designed RCTs are
necessary to determine vitamin D’s potential efficacy in the
treatment regimen. Considering the prevalence of vitamin D
deficiency in both the general population and, particularly,
among patients with these chronic diseases, consistent
vitamin D supplementation appears to be a reasonable
measure for all patients with jSSc.

Juvenile idiopathic inflammatory myopathies

Juvenile idiopathic inflammatory myopathies (JIIMs)
are rare autoimmune disorders affecting children and
adolescents. JIIMs result from a complex interplay of
genetic predisposition, environmental triggers, and
immune dysregulation. Persistent muscle inflammation
occurs as a result of autoimmune reactions, involving T-cell
activation and release of proinflammatory molecules [106,
107]. Genetic factors, including variations in HLA genes,
and environmental triggers contribute to susceptibility
[106—-108]. Ongoing inflammation leads to muscle damage,
causing weakness and functional impairment. The exact
mechanisms of muscle damage are still under investigation
but probably involve immune-mediated destruction and
impaired muscle regeneration [109].

Juvenile dermatomyositis (JDM) is the primary form of
JIIM, making up about 80% of cases. The annual incidence
of JDM in children younger than 16 years ranges from
2.28 to 3.17 per million [106, 110]. Pathogenesis of JDM
involves upregulated type I interferon-dependent genes
[111]. Anti-p155/140 and anti-MJ antibodies are commonly
observed in JDM [106]. JDM patients should be wary of
excessive sun exposure because of the aggravating effects
of UV radiation. That effect can result in decreased levels
of serum 25(OH)D, which correlates with disease activity
score as reported by Robinson et al. [112]. Therefore, we
advise considering appropriate doses of vitamin D to prevent
deficiency in JDM patients.

Overlap myositis, the second-most-common phenotype
in JIIM, involves patients with an additional autoimmune
disease. The phenotype is observed in approximately
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