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bgwdg36mendol 360m99dGHo Q55933030 LodoMogzgmmls
MB039ML0GIGHOL dombodgoEobm 330039080 90036 b 30mbors
boBJmd (#11-11477; 15.05.2023 §.). 063m63069d<m0 0msbbdmds ofbs
dorgdgwo  33wggedo  BrGogwo  ygges  0bogorys o
dmbsHoolbigsb Qo5 d50009439es 30650 ©IHIWO
©J0QIBOOBOGOMIOY0>.

330930L 990092990 Imfjmgd)ens §30q30MEmy0530

mdLYMZS 30990 s OHYEGHOML3JBH IO 33093900l Fmbligbgdol
293e0ogMgodols (Strengthening the Reporting of Observational Studies in
Epidemiology - STROBE) domomqgdgdol 9gbsds30bsq (Von Elm et al./gmb
9edo o bbg., 2007).

fo@dmepgboeo  M@HOML3gIHwo  X356090b-bydgon®o 33wg3zs
Bo@otqs 2023 farol 350L0sb 2024 fferol 09909630l bomgzwom qn.
159435M9@r0dol bob. s93509d0L 3MbEGMMEOL 9MM3bwywo (396E ML
(NCDC) 096 dcffagogdeyero 33er30L Gg@Emmbdgd@omer Bobsfgmgdty
oYMbmdom. 53 Bs6sFaMgd0b Mobmdmwse dgotbs 0d 475
353096GH0L LsdgoEobem dmbsEgdgdo, Mmigwmsg Lolbol dMsEado
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2969L5%B@3Mom  25-hydroxivitamin - D [25(OH)D].  Bggbl 9096
MHOMb3gmymao odbs 58 353096Ggd0L  30BoBgdo o
068mMI0MgdMmo  msbbImdoL  bgwdg3tmegds®g  bgwdmijghol
3990092 384 3060 b5gMHOM 33093590.

Boongol  3M0GHgM0Mdgdo  ogm  dgdgao:  sLogod18 .,
3030@5@w0Bs 300l Imbs(3939d0L bgedolsfgzmdmds ((ysm:
NCDC dmbsgdos d5Bs), 33wg3sdo  dmbofowrgmdsty
0960mdomo  0bgm®Iotgdmwo  msbbdmds.  asdmmoigbgol
3603960019900 30 09m 8gd@gy0: Sb530<18 .,
30b30@owoBsEool  Imbs(399gd0L  sEPOOLYdMdS  (fystm: NCDC
0mb5390m5 05by),

33193580 8mbofoegmdsbg «oco.

33930l 3565993M9d0

NCDC 9cbs (390095 35H0qob 59gd+gem 0465 89990 dmbs399900:
Covid-19-0l  @oILEHMMPOOL  MoG0OMO; 330G WO (30
Covid-19-000  06g030Mgd0L  258m; 93  3mL30GESE0BsEGOOL
b6 M 03mdy; 353090EH0L gooY3965 0bEHIBLOMMO gMs3ools
0M390; 5620500 09Ms300L Lo FoMMgds s BobyMAwozmds;
333G 03M0EIO00 936 smdOL dmbs398900;
Lod3@mdgdo, GMIgdo3  Fodmzwgboe odbs  Covid-19-obs
©OILEHNMOYOOLS.

3530963900l 33em930L 0blGOIg6EHO
00MMYMo 3309306 dmbsfogrg godmozombs 33erggzobomaols

898018539090 139300 LAOYIHBOOIPYEWO J0DbZ>GA
39939Md0m, MHMIgeog Imo353s 28 99300bgob.

LAOEOLE03IMO 599853905 33930L 99093900
LEASGHOLE0IMM© 3)ds3ws 3MIZ0BHIMMO 3MMYGMdoo SPSS
22.0 (IBM Corp., Armonk, NY, USA).

M509bmdM030 (MPy393)0) (33e©Yd0 godmbsbmamos 899ga0 baboo
- bodwogom O LGHIbsGGHMwo o©obGs (standard deviation - SD).

3319308 ®om©gbmd®Mogo  dmbo3gdgdol bmmIserm@o 4sbsfowrgools
d9LodMfagdEeE  odmYgbgdmeo odbs  3eamdmymmmz-Ldombmgol
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ZBHLBHo.  xXaMBgPL ool sbgomo  (33eEIdoL  2oblbgeggds
LEOGOLGHOIMM©  899mfjds 5303960l F-&9b@oms Qo
©50Mm3000908go  t-BHLGHom.  ®30LMIMOZ0 (395G JyMMOEO)
335700 FodMBobos 3MMEIbEGWwo 5639698 gdom. X m3goL
FmMob LYo (33eJIOL FobLHZ390s LGS EHOLEH0IMMo dgdm{idws
1303960l Chi2-Ggb@Goms ©s Bodgmol  F-Gab@oom. Covid-19-0
290mlogwadbg Bgasgergdol ddmbyg Bod@HmMmgdo Fgxzsbs Foblo
gotmdadom  (Odds ratios - OR), 95%-0s60  Lobgmmdol
0bGHgMzomgdoms (95% Confidence Intervals - 95% CI) s go03g@al
F&HabEom. gzgams OR 3mMgd@odgdoier odbs sbsgom, bgbooms o
bbgmeols dsbol  0bgdlol dobggom. BMwmzsbo  3odmmgbols
(0eab539990L B0l 56LHZ53905 56 5GOL) Motryme3s FoBbMMEFOYEL
303 gmhomdoom - p<0.05.

331930l 3993900

1533093 X3Bdo Fgehgmeo 384 353096@FH0L Sbs3OL bodwogam
35839690900 99500996005 42.5 0 20.1 5. Lofdmbeao b FoHdMd©s 30
Doy bsgergdo s 50 §gabg 9gBo sbo3oL godmzombyryergdo.
390M339M  353096GH M JmMob  Loefdmbmo b FoMOMB©S
9gmHMdomo  bdqlo.  9bOHMIMIGEHMOWWO  356T9E MWD
dgbHogomo  353096@0L  Lbgmamol  Lodomeool  Lodwoqm
35B396909eds 995p0bs - 169.8 O 8.9 Ld; Lbgwyemol Jsbob Lodmogam
35B3969dgeds Fgoyobs - 74.8 O 13.0 3p; LAO-0L LoTwoam
8B 39690905 89o0b5-26.1 0 6.7 33/0%; 3500330090 35309630
Foob Loefdwbme bFsMdMds Lbgol bmMIsw o s FoGMBdO
dobob godmzombyyengdo.

33030b>m30L 99983900 L3gaoserg@o LHMIIGYOHMIOYo
3000b3560L 3930mbz90Bg 35Lbgdol 565¢0BTs 583965, H™I: oMzgew

3930mb35%bg ,00980 M6 LssPL SEHIOYOm TbgHy?“ 45399wgo
3oLbgd0sb  LoMfdmbmm  LFoMOMdES 03  Fodmzombyergdols
M500bMds, HMIadog 3ByBY 5@ s69dbYL 1-2 Lssmb.
dgmeg d930mbgoby ,,Covid-19- osliEMgdsdoy 00gdom 01y
065 D 3035806l 56535@0L Lobom? 453900 35bwbgdogsh
LsOHIMbmo  LFoMdOMdEs 03  2odm30mbyeEgdol  MOMEIbMDdY,
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6MIgd03 IWIVOMO® 35LwIbMdab sldE Tg30mbgzols. Bglsdy
993000b35%g ,D 30353060l M5 MBIl 0MIIOM? 4539040
35Lbgd0o@sb Lo mbmo LFsGRMIs 00  odM30mMbYEIGdOL
5m©9bMmds, HMiEgdoE 0098bgb D-30¢9d0bl omboo 0-2000 /g,
dgmombg d9300b3z5%b9 ,,M59©960 bbob 3563530mdsT0 50EMdELOm
D 30398060l obs0sGL?“ 203990 35Lvbgd0oEsb Lo®fdwbmo
LFoMVMIPOI6 M53Y60dg 3306008  256353eMdsdo  Dgo@sdobols
3000900 35dm30mbengdo.
dgbmog d93000b35D9 ,,Covid-19-b ©sLEGHMMYOSTEY OGO 0119
365 3@ 0303930690, by 99oms D 30@sd0bo?* 35:399we0
35bbgd0@sb Loefdmbmo LFsGHOMdEEYE ol  2sdm3zombegdo,
6099003 MSMIYMBOMSE 35Lbmdgb 58 g300b35b.
399d3bg 99300b35%g ,Covid-19-b sOLEMMYOSTEg O™
©565353g0L 009dEOM?* 3539890 35Lbgd0EL LoMfdwmbemo
b FoMVMIPBID Ol A5TM300bgd0, MMIWIIOEF LI5MYMBOMSQ
35Lbmdgb 53 Fg300b3ol. B0dmgdms Mol 30 Laefjdwbemo
bFoMVMDPOI6 3008060 Bl2 @s 30@sd0bo C-ob dodwgdo
35dm30mbmegdo (Chi2=18.06, p<0.001).
d99309 d9300b35by ,Covid-19-b EOILEBHWMIdOL Fqdgy
50f14go 09 565 D 30¢59060L 5b59s@ 0ol d0wgds?“ 453904900
35bbgd0@sb LoMfaMbm bFoMVMIDID ol dsdm3zombregdo,
699003 339 IWPIO0MO® 35LvIbMdEHI6 58 d9300b3L.
0¥y 59 893000b30L 35bwbgdol Asbsfowgdsll 935agdo 0g-2
d930mbgol  (Covid-19-0b  o@oLEWMYdsdg D 30&s00bol
©5653530b domgdol gbsbgd) 35bwgbgdl, 3sbwgbadol asbafowrdols
LoEHImbme 56 033wgdms (Chi2=0.670, p=0.716, NS).

9639 9930mb35%g ,D 30390060l My mbBol Jomgds @soffygom?”
393991000 35199 gd0s6 LGB goblbgzsgzgds 396 0dbs bsbsbo
00 25330006 gdol  gobsfowgdsdo, GMIgdoz  Lbgowslbgs
©mbBom 00906 D-3035806L. vy 53 Jg30mbzol  3oLbgdol
230650dsl  9g3006Mgd  0g-3  Tdgzoombgol  (Covid-19-0b
©5LEMMPO08©g D 30353060l ©sbsTsGHOl @mBOL  dglobrd)
3obbgdl,  35bwgbgdol  gobofowgds  Lofdmbmo  0(33¢gdm©s
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(Chi2=11.23, p=0.003) D 30@®sd0bol Tdomowo  EmbgdoL
90056M09qd00.

dgbiy 893000b35%g ,OHMIgwo BTGPl Bogds sOfiYgom
Covid-19- ©osbGvMgdol 909y 93990 3sLwbgdosb
LsOHIMbmE LFOHOMOEPBYE o AsdMm30MbYYEd0, MMIEgdO3
MYMBOMSQE  35UMbMdEbY6 53 Fg30mb3sl.  ©6sToBGgool
000090ms dmmol 30 LFsOMVOMIs 30GHsdobo C-L Jodwgdoms
M5m9bmds (Chi2=16.04, p<0.001).

0v) 50 9930mb30L  3sLbgdol dobsfiowgdsl Fg3sotgdo 396
39300b30L (Covid-19-0b sLEMYd53Y 65T EYdOL doMgdols
dgbobgd)  35Lgbgdl,  3sLbgdol  obsfoergds  LaGHdbme
033w90MEs b3 gdol dodmgdms do@qdols d0dsMm0Egdom
(Chi2=10.46, p=0.015). 03000 ©565d5Egol ImMol 3o LoGfjdmbmo
353 30353060 C-0b5 s 1Mool 89933900 6sTdEJOOL
000090300 Mom9bmds (Chi2=6.08, p=0.048).

dgomg 9dgzombgsdo ,Covid-19-b sdBHomGo Gobol MMl M
Lod3@MIGOO  500b0IbYIMPH?* ILILYEBMEO LOT3EHMIGOOWH
2590300bEms 50%-Bg Ls@fdbme dg¢ 0 3sUIbmds Lod3EHMAL -
3H9e905. 50%-bg LoEfdmbeago 6530900 oym: bybomdzol godbgagds,
Logomm  bobEg, Ybmbigol/ggdml  ©s356My3s, 3B 396MmEOl
3303000, M0bo@o, M30Mmibggzs, sG0mT0s, LHIs (YdoWMdS).
50%-056 D356:0056 sbememls ogm bggams.

d9-11 99g300b3z5%bg ,M09b0 BHOL §obTo3wmMdITo o™ s
bgdmom  5bodbyro  bLodEHMIGO0?E 453990 3LbgdOED
LoOHIMbmE  LFoOBIMOEBI6 ol dodmzombyyemgdo,  MMIGEmS
35b9bgd0 04™M ,,5 EYI©g“ s , 10 MYdg“.

99-12 993000b35%7 ,,COVID-19-0b 5@sLGHIM9d0©sb 4 33060l
990009y 900608690m@©s ) 96 OHMIgEodg Lodd@mdo?™
oLsbggdwo  Lod3GHMIGO0LE Qodm3ombIms 50%-by
LsEHIMbmE 930 Y00 35Lbo SGOEIOM LOTZBHMAL 56
500msRbo.

0] 9935050900 59dGH0MM BoBsdo 53 Lod3EHMIGOOL LobdoMql,
©530b5bogm, ®md COVID-19-0b ©s@oliGvtdosb 4 33060l
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9990099 Y39 LOI3GHMIoL Lobdocy Loefjdwbme d30MHEYdMS.
390039 LOE Y5 3095 bsbaMIWO3MIOL JMmboms s (dg30mbgs 13).

d9-14 Tg30mbzobg ,god3zm 0¥ M OGMIgEodg  JOHmbozmwo
©55359057“  mobdbegd  ©9350gdgdL  TmEOlL  Hrdgerody
553500900l Lobdotg 50%-1 396 5Fo6Md9ds. Lo mbeo yz9ws by
bdoMo 30 3sLvbgddo FoyMMOMIPIs BoMHOLYIMO K 0M3IZEol
5535090900 (21.1%).
39-16 993000b35by) ,, Covid-19-U 35d3060L Msdgbo mbs ydmbosm
900900 300910l oaLEMMYD3Y?* 35390490 3obwybgdosb
L5GHIM6m b FoMIDID 0L 35dM30MbEgdo, HMIGES 3
35943065305 LEIMHOM 56 b 599 EHIMPI.
359306060905 ol 30 b FoMROMIS 2-X 9650 mbo
(Chi2=92.76, p<0.001).
39-17 993000b35 899b9dms 35g30b0L Lobgmdsls. Lo®fjdmbexo
b FoMDMIBID ol 45TM30mbEGdO, MMIgEms 3 35d30bsE0s
BomGHoM©sm B50DgMHOom.

b53303  X3xkdo Covid-19-ol  d0dEObsMYMIOL  5dmMbogEgdol

390099900 30 0y 999930 (oMo #1):
30b30Go@oBo300L Lo FoMmgdol dJmbg 353096@ 9008 LobdoMgd
99509065 11.7% (d93000bgs 18).
063 9bLomMo 0gMs300L B Fommgdol dgmbg 353096& 900l Lobdotnd
99509065 1.0% (dg300b3s 19).
56050008 9M3300L bsFoMHMgdol dJmbg 35:3096@gd0L LobdoMgd
995000065 5.5% (89300bgs 20).
30 3093MOGH03MO0EId0m  3OBsmdOL b FoMmgdol  dJmbg
3530963900b LobdoMgd dgo000bs 3.6% (893000b35 21). OO #1.
Covid-19-0b 90906 5(gmdobL 250mbogzegdols
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S°v6 é“b@? & égf
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" N %"y &S
§° S ‘b&&

22-9 99300b35bg 0500960 oL 256353MdsTo 03YMBRGOMEPO
UEo300b56030?“ 95398090 35b99bgd0b LoEfdMbm b FodMIHI6
ol 258m3000bgd0, HMIGEMSE 5O 93379MBsEsm 3mB3oEswdo.
Lolbeol  9Go@do 25(0OH)D-ob mbol  Lodwsamm  dsBggbgdgeds
9g9oc0p0bs 20.1 O 9.6 b6a/d¢. 25(0OH)D-0b mbggdol dobgzom
3Bo@0Bas 5B39bs, HMI Lo 330930 X AR0L 25.6%-b 5©0gb0dbgdMs ,D
30359060l 9%3539 gBozo®o” (25(0H)D < 12 by/dw); 36.7%-L - ,D
30359060l gn030GO” (25(0H)D dmmoghgdywmo ogm @osdsbmbdo
12-20 6a/0¢); 37.7%L - ,D 30359060l bm™dmemo dshz969dg@0”
(25(0OH)D 0 20 6/3¢).

0593900093990, BMMHI>HO s FMISGHJOIMWO WOBMMEMMOEO
95h39698¢9d0l dobgz000 353096GH Mo 29b6sfoegdsd sBg9bs, Mma
LoOHImbmo  LFsGOMdEs 03  353096GHooL  3MME9bEGMwo
35$39690¢900, Mmdgams 3 9©09603bgdmso:

BmMocm®o LogMom JoamgliBg@obol comby;
0593900090990 HDL-Jmeqli¢g@obols ombyg;
dm3sBHgdmo  LDL-Jomerqgb¢g@obol  mby;
Bmmdsqm®o  VLDL-deamglghobol  omby;
Bm&3s Mo sm9Mmygbmdol  0bgdLo;
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Lolbeob LogMmm s6swobBol dggagdom 30

LoOFIMBME go8moMBgmEbgb ol 353096@ 00,

M3 9ms3 90960db9dmEom:

BmMdorm®o 390mmdobols mby; BmMdorm®o
9033039006 ©mbg;  bmMdserm@mo  @odxgmEodgdol  mby;
BmMdom@o  ghoomOHmEoBgdol  mbyg; BmMdormGo o
dm35GHgdmo  0MMIdMEoGd0L ©mbg. D 30393060l mbols
dobgzom Covid-19-0b d0dobo@gmdols s  4odmliagegdols

89Lfa3wol 8oBb0m bo33wn30 X3IBO @0YM L JZIX3IB:
x0230 1 (D 3o¢80b0b 83539 @98030¢0) —n=83; X 37%30
2 (D 3059060l gz03o@0) —n=141; x34x0 3 (D
3053060l bmMdm o ds5h396909w0) — n=160;

353096@ 900U 51530 X 391390 GOl Lo MfIbME 56 906LbZ5300gdMDS.
SbogMdMOZ0  XPMBJOOLs @s  Ldgbol  dobggom  gobofoergdals
dobgz0m  X3MBIOL ol LofIMbm  goblbgeggds o6
©55304L0MYds. LIO-0L Lodsm 3b0dgzbgEMdYdO LsGHIMbmE 6
296Lb3530098Ms X MRIOL FEOL. 03939, D 30@SFobol mbol s
LbbgweEol FoGd0 FoLob obsF0Egd53 5B 39gbs Lofdmbm 356Lb3gs3705d0
X35390L Mo, Fodo Fmbobs s Lodbwydbol ddmbg 3s3ogb@gdo D
308060 83539 ©9B03oGHOL X380 (X380 1) 360836grm3bo
L FoMVOMIBI6 D 30393060l ©IROEOEHL (X380 2) ©s bmmImwo
956396908900l gmbg 353096390 X 39390056 FgIMGOOM (XFMR0
3) - Chi2-&gbBo=15.459, df. =4, p=0.004.

393000b35D9 "9@9b Losmb 5@ 9M9dom dBgbg Mgdo?" bs3zerg3
Jd39%37x890d0  3sLbo 1 (,0 96 96 3030“) XFMBIOL a0l
29655005 Lo@foMbm@ 56 2oblbgagzndms. 3sLbol 2 (,1 Lom*)
3obbol 56Lgdo 1 x 380 0gm:

4.9-%x 96 8930 09-2 X 29Rmsb dgscm9dom (OR =4.90, 95%Cl 2.72 —
8.85, p<0.001);

4.8-x 9639303 X 353056 9s609d00 (OR=4.79).,95%Cl2.71-8.48,
0p<0.001).

39-3 35Lbobs (,1-2 bom*) BsbBLYBO X yRTo 1 oym:

4.0-% 96 03¢0 d9-2 X 393msb 99sMgd00 (OR =3.96, 95%Cl 2.20 —
7.12,p<0.001);
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3.1-x 96 6530900 09-3 X 3B3096 goMqdoo (OR). =3.11, 95%Cl 1.75
—5.51, p<0.001).

39-4 35L9bobs (,3+bm*) FobLGRO 1 ¥ aBJo 0gm 6.8-x 96 b5 39d0
dbmemE d9-3 ¥ 2BRsb 9gscgdoo (OR=6.80,95%Cl 1.56 —29.60,
p=0.011).
393000b35bg ,,Covid-19-b s@ILEWMHYd5EY OVIODOM 0¥) 56> D
305306 ©sb535E 0L Lobom?* 3slbols 2 (,560 3030“) X3ROV
FoMob 456550935 Lo@HIMBM© 56 2oblbzagzgdms. 3slmbals 1
(,96957) BobLGDO X A3do 1 oy
4.1-% 96 050500 89-2 X 2R3mb gstgdom (OR=4.12, 95%Cl
2.31-7.34, p<0.001);
5.8-x96 3930 3 X 3)505b 99sMgd00 (OR=5.78,95%Cl 3.24-10.32,
p<0.001).
35bv9bol 3 (,,c00b*) B5BLgdO X AR 1 ogm:

4.0-x 96 6530900 39-2 X 3980056 969000 (OR =4.09, 95%Cl 2.29-
7.32,p<0.001)

4.8-% 96 6530900 39-3 X 399830056 990569000 (OR =4.77, 95%Cl 2.69-

8.46, p<0.001).
99300b35bg "Covid-19-0b 35g3060L M53gbo mbs doomgls dso SARS-
ol ©5OLEGHMMYO0Y?" 3obwybols 1 (,0) Foblgdo xamnbo 1 ogm: 2.2-
XM 0930 89-2 X 33000 990569300 (OR=2.17,95%Cl 1.21 -

3.93, p<0.001)

2.9-x96 9930 39-3 X 2RMNsb 9g9stgdoom (OR = 2.91, 95%Cl 1.64 —
5.19, p<0.001).

30B30@9woBsEo0ol JobLYdO X Rdo 1 0ym (osgMsds #2):
8.7-x 96 85000 39-2 ¥ 3 B»sb dgsgdom (OR =8.73, 95%CI
3.58-21.27,p<0.001)

5.6-x96 9930 09-3 X 31B305b 999000 (OR =5.62, 95%CI).
2.66-11.90,p<0.001).

0b3gblomMo MgMs300L dEm3do  GHGMIBLEIMOL FsbLGdO K ABIOL
FmM0ob LsOHIMBbME 56 456LHZ3GdMS.

55605000l 17965300 s FoMMgdOL FobLYdO ¥ 2Rdo 1 0gm (0sgMHTs
3):
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28.4-x 96 35000 39-2 X aBRMSb dgomgdoom (OR =28.41, 95%CL
3.66—220.47,p=0.001);

5.2-x 96 3930 99-3 X380sb dgsmgdoo (OR =5.21,95%CI 1.92—
14.12,p=0.001).

©O0oMads  #2. Covid-19-ob 9080obsGgmdol  3mbidodswoBsiool
LbobdotMggdo D 30&sd0bol combols dobgzom oymaow

939%3999390300.
40.0%

31.3%

30.0%

20.0%

10.0%

0.0%

D 3058060b 83539 @gBogodo D go@sdobol @ggogo@o D 3058060L 626 3¢9m0
9sB3969090
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056505 #3. Covid-19-0l 9090bsMIMIOL 556050l 0gMs300l
b5 FoMMxdoL LobdoMygdo D 30¢Sdoboll mbols Jobg3z00 sYmMTBOE?

J39%0839080.
20.0%

16.9%

15.0% -

10.0% -

bo ] (174
2.0/0

5.0%
0.7%

0.0% -
D 30®8060b 83539 @gB030G0 D 30¢sd0bob @ygosodo D 30508060 606 dmmo
09583969090

3 3093MOGH03MO0EIO0M MJM300L 1o FoMmgdol Jobligdo xamg3do 1
0gm:
3.7-% 90 050000 39-2 % 3)Beb 890093000 (OR = 3.65, 95%CI
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1.06 -12.53, p=0.039);

8.4-x 96 8940 09-3 X 3R056 dgsmgdom (OR = 8.43,95%CI 1.75
—40.65,p=0.008). 3bgagd0l sblgdo xamxdo 1 ogm:

6.8-x96 3930 39-2 X 3Bsb gsgdom (OR = 6.75,95%CI3.02
—15.04,p<0.001);
11.5-%x 96 3930 09-3 X 3Bsb dg0s0gd00 (OR = 11,46, 95%CI
5,19-25,32, p<0,001); x50 2 3bgegdol dsbbgdo ogm 1.7-x 9O
dowoo 39-3 xamnmsb dgstgdom (OR=1.73, 95%CI 1.09-2.73,
p<0.001).
bggol 56L9do xamn8o 1 ogm:
4.1-x 969930 09-2 X 3B»6 Ggs6mgd00 (OR =4.13,95%CI2.26
—-7.55,p<0.001);
7.1-x 96 9930 09-3 X% 3153056 9gscgdom (OR =7.14,95%CI 3.90 -
13.07,p<0.001).
X3153d0 2 bggeol 956Lgdo ogm 1.7-x96 dswowo 39-3 X yR0b
9900569000 (OR =1.73,95%CI1.08-2.77, p=0.024).
b9600g30L godbgergdol 956Lgdo X 353do 1 oge:
9.6-x 969930 39-2 X3 1BMsb Igscmgdom (OR =9.64, 95%CI5.05 -
7.42,p<0.001);
13.4-x9M 3930 89-3 X 3B06 96000 (OR =13.41, 95%CI
6.86—-26.19,p<0.001);
X3999300 2 bggerol 856Lgdo ogm 1.4-% 96 oo 39-3 ¥ 353056

dgotgdoom (OR=1.39, 95%CI 0.70-2.77, p=0.350), o»dgs
6L Imbmco.
QO0OEmdol Jobbgdo xamgdo 1 ogm:
2.1-x 96 3930 39-2 X 3153056 Igsmgdom (OR =2.07,95%CI1.18 -
3.61,p=0.010);
4.0-x 969930 39-3 X 31Bmsb 9gscmgdoom (OR =4.00, 95%CI2.29 -
7.01,p<0.001);

X3999300 2 o000l 856Lgdo ogm 1.9-x96 domseo dg-3
X3B06 Fgotmd0m (OR =1.94,95%CI 1.21 - 3.11, p=0.006).

gbmbgol/ 390036900l s 35630l sblgdo xado 1 ogm:
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2.0-x 96 0930 09-2 X 3806 G9ocgd0m (OR =1.98,95%CI 1.14

-3.47,p=0.016);
3.7-x 90 d9@0 089-3 X 3R05b IgsMgdom (OR =3.72,95%CI 2.09
—-6.64,p<0.001);

X3195390 2 gbmligol/a50m3b9d0L o39My30L 5bLgdo ogm 1.9-% 96

05050 39-3 X3BMB 9gscgdom (OR=1.88,95%CI1.11 - 3.17,
p=0.019).
2300396000 303000l Jobligdo xamedo 1 ogm:
3.7-% 90 39@0 09-2 X 35056 9gsmgdom (OR=3.71,95%CI 1.88
—7.34,p<0.001);
4.6-x 96 3930 99-3 X 3B0ob Igstgdom (OR = 4.58,95%CI2.30
-9.12,p<0.001);
X 3999300 2 4e0-0396Mm0L 3303000b 85619d0 0gm 1.2-% 96 do@own
09-3 X295830056 969000 (OR = 1.23, 95%CI0.60 — 2.54, p=0.569),
099935 5MOLOOFIMbm .
M0bo@ ol 56Lgdo X aMsdo 1 ogm:
3.7-%x 90 3930 09-2 X 3530056 9gsmgdom (OR=3.71,95%CI 1.88
—7.34,p<0.001);
1.7-% 96 0940 99-3 %3950 dgsMgdom (OR = 1.67,95%CI0.81
—3.43, p=0.161), 01335 s5G0Ls@fIMbm ; xamndo 2 Mobodol
35bLgdo oym 1.4-% 96 B0 39-3 X3RMSb dgscgdom (OR =
1.42,95%CI0.67 —2.94, p=0.365), 0>x9935 5obo®jdwbme .
doosbmdol obbgdo xamxdo 1 oge:
2.0-x 96 3930 99-2 X 3806 9gstgdom (OR =2.01,95%CI0.78
—5.17,p=0.148) , 935 5MoLoejdbmeo ;
5.3-x 96 9930 09-3 X 31BM6 Ggscgd00 (OR =5.34,95%CI1.62
-17.60,p=0.006);
X35390 2 dogr0sbmdol Fobbgdo 0ym 2.7-x9M Jomowo 39-3 X 3R06
9g0o6gdom (OR = 2.66, 95%CI 0.80 - 8.83, p=0.110), o»dss
56 LOOHIMbmco.

33%930L 8993900L gobboengs
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@OGHIMSGHM5T0 0O EOLZMLOSS D 3oEsd0bol gogergbol Tglsbgd
SARS-COV-2 06939J305bg. D 303590635 990dengds 8g35emmls
55350900l 259m30b9gd39d0 0530MMTB5Agd0L BbJ305%g o
056symEow 0d60E 9@ g dobo 4o3wgbols Jobggom. D

30%53060b ©s35390 99dGHMs Mo bgds 35600gdool 9839dG M0
3619396 (300L9 s 33MBEMBOL 1EH M5 GJY0JIOL 5E L GOMdOL

390mbgg3s90. 3900035396¢3900L bgendolsfzomdmdolis s doosb
936 ™30w0 BoligdoL Fomgzseoliffobgdom, D 3o@sd0bols sbsds@gdo
360336900m3560 356105630 d90dgds ogmls Mob 3oL 3938 dgmazo
dmbobergmdolm3ol (56bs3mmMgdoo Research4lLife 3600l A o
B x299930L §399b900L5m300).

§obs LoliBgds@ s dodmbogggdds basmws sB39bs M3 393do60
25(0H)D 3mbEgb@Msgosts s df3939 Lalimbordo 4Bgdol 0bggdzogdls
dmMols (Yisak et al./obsgo s bbg., 2021; Pereira et al./39Mg065 s
1bg3.,2022; Liu et al./qrowg s bbg.,2021). B3960 ©s15336900L dbgoglow,
Panagiotou etal. (3565300& M) s bbg., 2020) 9006 gL, BMd Mo Gdo
25(0OH)D sd5¢0 ombg 134 3030 sobotgd e 353096 do COVID-
19-00 oym 5353000900 Mg 3dodg o535
90800bsMgmMdILESG. 3ol LodoMmol3doMm, 33wrg3zsdo, MMIgEog
2300moyggbs 348,598 3530960L dmbs39d900 OO  dMDEIBgmAl
00mdds6300056, Tbmewme  449-L (0.13%) 3Jmbes COVID19-ob
LAHUOIOYO OO, HMIYog IEILGHNMPONWO ogm
SARS-CoV-2-b9 ©5©JD000 ¢0dMMGHMOM0o Bali@Gom s 3500 396
50dmsBobgl Mo00g 393d060. 25(0H)D-Ls s COVID-19 obggdgoat
MoL3L oMol (Hastie et al. /3s5b¢¢0g o bbg., 2020).

0bmgmdo COVID-19-000 5535009090 154 353096@0L Lodrysqm
25(0H)D @by o0gm 96Ls3TMHOLO  Os3sBmbdo (<30  6g/d).
35309639080, GMIIdoE  390Y356gL  0bGIbLOMGO  gMI300l
2969m530090580 s Jom, 30635 29MI0E35bgb COVID-19-00, @M
99®o© 99933060900 3Jmbsm D 30@Hs00bolb  mby, g0y
2390050Bgboeqdl (Jain et al. / xs0bo s ULbg., 2020). dgwyosdo
35309639005, MIgdLsE  9©09bodbgdmesm COVID-19-0bg3qd 300l
M3 ddodg 30dobs@gmds, sB39b9L 25(0H)D mbol Mgdm oo
©IB03E0GOL 35B3969d¢9d0 (De Smet et al. /g bLdgGo s bbg., 2021).
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COVID-19-0b dgdmbg 839035609¢ds 353096300 563969L LoGfdmbego
5050  25(0H)D  30b396G®0305  960bxoEoMmgdMe  306MHdmsb
990569000 (D’Avolio et al. /@ sgmmom s Lbg,, 2020). obcogwosb
7807 L¥9d0gdBHOL dmbo3gdgods 5hg9bs, Gmd COVID-19 ©sgdomo
306700l 25(0H)D ombg 3600369wm3bs0 ©sdso 0gm, 3oty dso,
3063 0gm COVID-19-wstymgzomo (Merzon et al. /3g6bmbo s Ubg,
2020). Bobm®mds 3300358  FMOZ5WE3WE0sBO MY O
M93609L00L 2odmygbgdoom sB39bs, MM D 30Esdobol gxroEoG0 0ym
360036gcmgzsbo  Mob3oL  BogBHmMo ogm  COVID-19-ol  9dody
000@0bsMgmdobomgzol (Luo et al. /gxmm @s bbg., 2021). D go@sdobals
©IBOGOA0 S0 M0s, OmymMz COVID-19 0bggdgool Mol ol
B9JBHMM0; O535JO0LY, MMM 3 DM 1 JowostBy dgd
5053056%g dmgel Jbmxzwomdo s A58mof305 ssbemgdom 3
doeombo  Lozgowo. D 30390060l ©IB0EOGH0 MO MO
360gdss,  aoblogmotgdom  BOowmgom  J3gybgddo, 359
3o6o@gol Bgdmom. B3960 Fgwgagdo gdmbgazs xoobols s bbg.
d909390L, MmIgandsg oh39bs, BT  COVID-19-000  Sb0I3EHMIME0
3530953900l 25(0H)D mbol Lsdvysm 36093b9@mds ogm 27,9 * 6,2
63/0¢, 95806 GmEs sbowmyom®o COVID-19 353096@L, Mmdgwos
b5 FoMHMgds ICU-b owgdsl, ogm 14,4 £5,8 ba/ dgn. IgHrHmbolis s Lbg.
33¢935do0  COVID-19-0056  ©53930060900900  3mb30Es¢0bs ool
356L79d0L 3m9gn03096E0 D 30393060l IBOEOEH00 s 25(0H)D Mmbols
BmMdor®o 3600369mdgd00 ogm-a0OR = 1,95 (95% Cl - 0,99-4,78).
COVID-19-0b 99092900l 3oLoaqds© s  oLOTx MdJLYdEXBO
89085305 MOLIOL Jgdo. oo dmmol sl QCOVID (Clift et
al./deogmo s Lbg., 2020) o> OURMAPCN (Chen et al./hg60 s bbg.,
2023) COVID-19-00 3mb3o@smobogoobs s 103300s6mdol
Mob3oL  Ggboggoligders.  obobo  dgaqds  Bmbo39d9d0logb
©9IMMeR0Mo  ©s  domdodon@o  39MdgBHMmgdol o
3M3MM30M0 30600Mm3900L Tglobgd. 0309939, 58 s¢yMM0mdgddo D
3053060l LEIGHMLO 56 Tgobl. sdodmd, B3960 €g3mIgbs 3oL
3909300 9s@ol  25(0H)D  @mboll  BsGngol  sbgomo  Godol
5MMomdgddo.

396 390000930 B 3960 33930L g>M33979@ 89 BR©390L, OHMICdo3
056 bzl dmbs3gdoms 9936mm33d0L M9E¢®mMb3gdEer oHoobl s
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bbgs obgmo 353693900 BodBH™MMYdOL  Bgerdolsfgmdmdols
653090mBsL, MrRMMOESS 563BEGd0 ©53500g0900. 3065056 Bz
dogowgo» COVID-19 d9gdobggzgdols dmboggdgdo NCDC dmbsigdors
05B0sh, B396 396 8939900 F93985b9d06s SLOA3GMImEao COVID-
19-0b ®obgo Lobmpsmgdsdo D go@sdobol wgxoEo@oL dJmbg
505805690d0. b396 5939 396 @odmzcogbgo Lbgs 3m@Egbgom®o
5050693900  BodBHMMPd0  (OmymmoEss  Lodbyydbg), MMIEgdOs
535300609005 D 3035d0bol  ©gx030G™sb ©s COVID-19-0b
30800bsMgmdoL bLoddodgbmsb (Aghili et al./sg30wo s bbg., 2021).
B3gb o6 a35d3b  0bgmMdsios COVID-19  obggdsool  tmb
3bMM3MIgEHOHoMwo dmbs3g0gdol dqgliobgd. FoMmow F0mbMOo,
5939 Mbs 500b0dbml D 3039d0bol  @gRoEoGOL LybmbmMo
(339¢905Mds o Lb3salbgs SARS-COV-2 8308930l 45363990l
3500900. 53 39B0M©3900L F0bgE350, 39605 3309350 Tgbsderd
9600d3b9cmgzsbo 23930960 dmobobmls L5BMYSMYIG03
X9606MMgemdsby COVID-19-0L  369396300Lbs @  d3Mbaoemdols
©5393930L5 s 30030l F9dwgdsgzgdol 3wmbom. LgMombmeo
©09053H900L Logsbos D 30@sdobols 9gx3sL9d0L MME. 0dol Hodm, Mmd
330935 04 MgEHOML3gJGMeo, h396 39yMbmdmpoom  NCDCL

Bobsfgmgdl. Bgz9bL  Lo3zzwm3 xaxgddo D 30@sdobol mby
3960LsBEgGMs COVID-19-0b ILEHYIMHYOOEB 2-3 ©Egdo. ©osH,

d9835b90s 5B39690L, G™MB COVID-19-0b g35%s 8f3939 0y™.

s0o@md, D 30&500b0b odsgro mbg Bmyogho  Jgdombggzsdo
d9Lod @M 253fF3999c0 0gmls 56MGBOL 3OMZME30MGOMEO bESEWLOD
(di Filipo et al. /@0 goodm s bbg., 2023). 35b5035obfiobgdgeos ols
BoJAH0E, MM BsbsfgMmddo s dgol D 30393060l @sbsds@gools
doegdol bsgombo. sdoE™d, B39b 49630bosgm 53 LogzombL 3330l
390350 ©s 395353Pm d9BLM39d0L bofowls. mmdgs, 8f3039
049 565 Fobs, 0009l Mg 56 353096GH0 6585BHBL, B39b0 Fgwgygdo
9000009896 005%Bg, GMI D 30323060l sdso mbg LoMfdwbego
3MO9omgdl  3mb30E0DIEsLmb,  0bEIbLoGmo  gMs3ool
2496gymz0wgdsdo 39005943565L056 Qo 5630500000965 300L
dmmbM3boEndslmsb, M3 dogHg LogwoE@gdMs.
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Introduction

The new coronavirus named as "COVID-19" first appeared in Chinain
December 2019, and was officially declared a pandemic by the World
Health Organization (WHO) on March 11,2020 (WHO "Coronavirus
disease (COVID-19) pandemic"). A number of measures have been started
worldwide to stop it, however, every country isstill struggling with this
problem. The coronavirus disease - COVID-19 - is a rapidly developing
acute infectious respiratory disease characterized by high transmissibility,
both through airborne and direct contact. Its clinical expression ranges
from asymptomatic to fatal results (Chiodini L et al.,2021). COVID-19is
characterized by high lethal rates and its course in patients often causes

complications, the rehabilitation period is often complex and prolonged.

A large number of patients still have certain complaints 4 weeks after the
confirmation of COVID-19, which is called "post-covid syndrome" (Long
COVID or Post-Covid Conditions, Centers for Disease Control and
Prevention, 2019). Scientists of Oxford University published the results of
a study on "extended", the so-called Long Covid, where it was found that
one third of people with COVID-19 have one or more symptoms 3-6
months after confirming the diagnosis. Theyalso found thatthe types of
symptoms differed significantly by age and gender, as well as by the
infection severity.

Post-Covid symptoms may be caused or exacerbated by various
micronutrient and vitamin deficiencies (Chippa et al, 2022). The role of
Zinc is actively being studied both during the course of Covid-19and
during the post-Covid rehabilitation period. Asit is known, Zinc plays an
important rolein the proper functioning of the immune system. In
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addition, there is an opinion that zinc deficiency may affect the
development of the loss of smell and taste characteristic of the corona
virus. They arealso investigating the role of Zinc in the development of
hypogonadism in men in the post-Covid period.

Vitamin B12 deficiency has recently received special attention.
According to one study, some patients with pronounced post-Covid
symptoms were diagnosed with vitamin B12 deficiency. They were
prescribed therapeutic doses of intramuscular vitamin B, which had a
positive effect on alleviating the characteristic symptoms. At this stage,
the subject of researchis the question of what effect vitamin B12 has on
the course of the Corona virus and Long Covid.

As a result of quarantine measures during the pandemic, the issue of
vitamin D deficiency is particularly acute worldwide.

The purpose of the study:

The aim of the study is to determine the importance of vitamin D
deficiency on the course and outcome of Covid-19.

Study objectives:

The assessment of vitamin D levels in subjects involved in the study;

Evaluation of the course of Covid-19 in study subjects according
vitamin D level;

Evaluation of the course of the corona virus in individuals who did or
did not take vitamin D supplements before the virus was
confirmed;

Evaluation ofthe course ofthe corona virusin personswho received or
did notreceive vitaminDduringthe activephase after confirmation
of the virus.

Scientific novelty of the study:



D 3059060b 3603369mds 3m30@ 19-0b J03@0bsGgmdals s gsdmbogswby
The scientific novelty of the results obtained within the framework of the

research is confirmed by the great interest shown by the scientific

literature in similar publications.

In theresearch,forthefirsttime,theissuesthat werarely ornotatall meet
in the literature were studied:
From the answers obtained from the patient survey, it can be
concluded that they spent little time in the sun; they took vitamin
D supplements for several weeks; did not take multivitamins
containing vitamin D; They mostly took vitamin B12 and vitamin
C.

A significant majority of patients started taking the vitamin D
supplementation after the confirmation of Covid-19, however, the
percentage receiving the vitamin D supplementation did not
significantly change before the confirmation of Covid-19.

No significant difference was seen in the distribution of respondents
who received different doses of vitamin D after being diagnosed
with Covid-19. However, prior to the confirmation of Covid-19,
vitamin D supplementation doses were significantly shifting
towards higher doses of vitamin D.

After the confirmation of covid-19, there was a significant
preponderance of respondents who responded negatively to the
question about taking multivitamin supplements. However,
compared to pre-Covid-19 data, the distribution of responses was
significantly shifting in the direction of increasing the supplement
intake. Among supplements, the number of recipients of
supplements containing vitamin C and zinc was significantly
increasing.

Among the symptoms named during the active phase of Covid-19,
more than 50% of the respondents responded to the symptom -
fever. Less than 50% significantly had: shortness of breath, general
weakness, loss of smell/taste, chest pain, rhinitis, dizziness,
arrhythmia, other (insomnia). There was a cough near the 50%
mark. The duration of the symptoms was mostly between "5 days"
and "10 days".
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The interviewees, who were not vaccinated at all, certainly prevailed.
2-fold dose prevailed among the vaccinated; type of vaccine. The
interviewees, who were vaccinated with Pfizer, significantly

prevailed.

The results of the outcome of the course of Covid-19 were as follows:
the frequency of patients requiring hospitalization was 11.7%;
Frequency of patients requiring intensive care - 1.0%; The
frequency of patients needing oxygen therapy - 5.5%; The
frequency of patients requiring treatment with glucocorticoids -
3.6%.

The averagelevel of 25(OH)D in blood serum was 20.1 0 9.6 ng/ml.
Analysis of 25(OH)D levels showed that 25.6% of the study group
had "severe vitamin D deficiency" (25(OH)D < 12 ng/m1l); 36.7% -
"vitamin D deficiency" (25(OH)D was in the range of 12-20 ng/ml);
37.7% - "normal level of vitamin D" (25(OH)D 0O 20 ng/ml).

The odds of the hospitalization, need for the oxygen therapy, and
need for glucocorticoid therapy in the acute vitamin D-deficient
subgroup were significantly greater than the odds of
hospitalization in the subgroups of patients with vitamin D
deficiency and normal values.

The odds of transfer to the intensive careunitin the acute vitamin D
deficiency subgroup were not significantly differed from the odds
of transfer to the intensive care unit for the subgroups of patients
with vitamin D deficiency and normal values.

Among the symptoms of Covid-19, the odds of fever, cough, shortness
ofbreath, fatigue,lossof smell/taste, chest pain, rhinitis, drowsiness
in the subgroup of acute vitamin D deficiency were significantly
higher than the odds of similar symptoms in the subgroups of
patients with vitamin D deficiency and normal values; In the
vitamin D deficiency subgroup, the odds of fever, cough, shortness
of breath, fatigue, and loss of smell/taste were significantly higher
than in the subgroups of patients with normal values.
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Practical value of study results:

The experience of the COVID-19 pandemic can greatly contribute to
predicting the outcomes of viral infections. In algorithms for the
management of these infections, the question of vitamin D status
should be considered, which can playa decisive role in assessing the
risks of poor outcomes (hospitalization, need for intensive care,
oxygen therapy, glucocorticoid therapy, mortality).

In order to prevent bad outcomes of viral infections, it should be
strongly recommended to take vitamin D supplements in the
relevantrisk groups - people with vitamin D deficiency and a
practice of spending little time in the sun.

In the course of the retrospective study, recording errors were
revealed, which must be taken into account for the future - the
records often do not include information about the patients
anthropometric indicators, the strain of Covid-19, the intake of
vitamin D supplements by the patients.

Volume and structure of the thesis:

The thesis consists of an introduction, five chapters, the main results of
the study, conclusions, practical recommendations, references, a list of
scientific works published on the topic of the thesis, and an appendix CD.
The thesisis written on 130 pages according APA -style, contains 43
tables and 40 diagrams. The bibliography contains 120 sources. The
attached CD contains the e-versions of the thesis and messenger (in
Georgian and English), an electronic database and scientific works
published on the topic of the thesis.

Approbation of the work:
The provisions and results of the dissertation were reported at:

the International multidisciplinary school conference on biomedicine
(May 12-14,2024). the session of the Scientific Advisory Council of
the School of Health Sciences of the University of Georgia.
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List of published works on the thesis topic:

N. Metonidze, N. Bostoghanashvili, T. Goderidze, D. Tananashvili. The
serum 25-hydroxivitamin D levels and health outcomes related to
hospitalization due to COVID-19. Journal of International Medical
Research 2024;52(8): 3000605241271770. doi:
10.1177/03000605241271770

N. Metonidze. The impact of vitamin D in the course and outcome of
Covid-19. (Abstract book of International multidisciplinary school
conference on biomedicine). 2024, 1:30-

31. (in Georgian)

N. Metonidze, N.Bostoganashvili. The causal role of vitamin D
supplementation in the COVID-related health outcomes.
Retrospective Cross-Section Study. Experimental and Clinical
Medicine, 2024, 5: (in Georgian, in print)

N. Metonidze, D. Tananashvili. Age-Related Issues of Vitamin D
Deficiency and COVID-Related Health Outcomes in Georgia.
Medical Times, 2024, (in print).

Methods

An observational, retrospective study was selected as the research design.
All procedures performed within the study were in accordance with
university and/or nationally accepted research ethical standards,
regulations and the 1964 Declaration of Helsinki and its subsequent
amendments or comparable ethical standards. The study protocol and the
draft consent agreement for participation in the study were approved by
the Council of Ethical Issues in Biomedical Research of the University of
Georgia (#11-11477;15.05.2023). Informed consent was obtained from all
individual participantsinvolved in the study and all their personal details
were de-identified.

The results of the study are provided in accordance with the



D 3059060b 3603369mds 3m30@ 19-0b J03@0bsGgmdals s gsdmbogswby
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (Von Elm et al., 2007).

The presented retrospective cross-sectional study was performed from
May 2023 to February 2024 based on retrospective study records provided
by the Sakvarelidze National Center for Disease Control (NCDC). Medical
data of 475 patients with serum 25-hydroxyvitamin D [25(OH)D] were
randomly selected from these records. We provided visits of these
patients and after signing the informed consent agreement, 384
individuals were included in the study.

Inclusion criteris:
Age 0018 years;

Availability of hospitalization data (source: NCDC database); Written
informed consent to participate in the study.

Exclusion criteris:
Age <18 years;

Absence of hospitalization data (source: NCDC database); Refusal
to participatein the study.

Study parameters
The following data were extracted from the NCDC database:
Date of confirmation of Covid-19;
Hospitalization due to infection with Covid-19;
Duration of this hospitalization;
Transfer of the patient in the intensive care unit;
Meed and duration of oxygen therapy;
Data on treatment with glucocorticoids;
Symptoms identified during the confirmation of Covid-19.
Study Tools

Each research participant was interviewed through a special structured

questionnaire developed for the research, whichincluded 28 questions.
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Statistical treatment

Theresultsofthe study were statistically treated by the software SPSS22.0
(IBM Corp., Armonk, NY, USA).

Quantitative (continuous) variables are expressed in the following form -
mean [ standard deviation (standard deviation - SD).
KolmogorovSmirnov Z-test was used to check the normal distribution of
the quantitative data of the study. Differences of the variables between
the groups were statistically tested by Fisher's F-test and independent t-
test.

Qualitative (categorical) variables are expressed as percentages.
Differences of these variables between the groups were statistically tested
by Chi2-test and Fisher's F-test. Factors influencing the outcomes of
Covid-19 were evaluated by odds ratios (OR), 95% Confidence Intervals
(95% CI) and Fisher's F-test. All ORs were adjusted for age, sex, and body
mass index. The null hypothesis (there is no difference between the data)
was rejected by the criterion - p<0.05.

Study Results
The averageage of 384 patients selected in the study group was 42.5 00
20.1 years. Respondents aged less than 30 years and more than 50 years
prevailed reliably. Among the investigated patients, the female gender
prevailed. From the anthropometric parameters, the average indicator of
the body height of the studied patient was - 169.8 0 8.9 cm; The average
index of body mass was - 74.8 00 13.0 kg; The average indicator of BMI
was - 26.1 06.7 kg/m2; Among the examined patients, there wasa
significant preponderance of respondents with normal and overweight
body mass.
The analysis of the answers to the questions of the special structured
questionnaire developed for the study showed that:

From the answers given to the 1+ question "How many hours a day do

you spend in the sun?", the number of respondents who spent 1-2

hoursin the sun reliably prevailed.
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To the 2 question, "Did you take vitamin D supplements before
being diagnosed with Covid-197", the number of respondents who

answered the question in the affirmative was significantly higher.

From theanswersgiven to the 3« question "What dose of vitamin D did
you take?", the number ofrespondents who took vitamin Din a dose
of 0-2000 IU was significantly higher.

For the 4* question, "How long have you been takinga vitamin D
supplement?’, respondents who had been taking vitamin D for
several weeks were significantly more likely to respond.

Of the answers given to the 5% question, "Before the confirmation of
Covid-19, did you take multivitamins that included vitamin D?", it
was prevailed the respondents who answer this question in the
negative form.

Of the answers given to the 6 question, "What supplements were you
taking before the confirmation of Covid-19?7", it was prevailed the
respondents who answer this question in the negative form. And

among the receivers, the interviewees who received vitamin B12
and vitamin Csignificantly prevailed (Chi2=18.06, p<0.001).

For the seventh question, "Have you started taking a vitamin D
supplementafter being diagnosed with Covid-197", it was prevailed
the respondents who already answered this question in the
affirmative prevailed. If we compared the distribution of responses
to this question with the responsesto question 2 (about taking
vitamin D supplements before the confirmation of covid19), the
distribution of responses did not change significantly (Chi2=0.670,
p=0.716,NS).

From the responses to the 8* question, "What dose of vitamin D did
you start taking?", no significant difference was seen in the
distribution of respondents taking different doses of vitamin D. If
we compare the distribution of responses to this question with the
responses to question 3 (regarding dose of vitamin D
supplementation before covid-19 confirmation), the distribution

of responses was significantly skewed (Chi2=11.23, p=0.003) in the
direction ofhigher doses of vitamin D.
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Of the answers given to the 9™ question "Which supplements did you
start takingafter the confirmation ofCovid-19?",it wassignificantly
prevailed the respondents who answered negatively to this
question. Among those receiving supplements, it was prevailed the
number of vitamin C recipients (Chi2=16.04, p<0.001).

If we compare the distribution of answers to this question with the
answers to question 6 (regarding the receipt of supplements before
the confirmation of Covid-19), the distribution of answers changed
significantly in the direction of increasing receipt of supplements
(Chi2=10.46, p=0.015). Among the supplements, the number of
recipients of supplements containing vitamin C and zinc increased
significantly (Chi2=6.08, p=0.048).

In the 10 question, "What symptoms were observed during the
active phase of Covid-197", more than 50% of the respondents
significantly answered the symptom - fever. Less than 50%
significantly had: shortness of breath, general weakness, loss of
smell/taste, chest pain, rhinitis, dizziness, arrhythmia, other
(insomnia). There was a cough near the 50% mark.

Among the answers givento the 11 question, "How long did the
above-mentioned symptoms last?", the respondents whose answers
were "up to 5 days" and "up to 10 days" were significantly
prevailed.

For the 12 question "4 weeks after the confirmation of COVID-19,
were there any symptoms?", more than 50% ofthe respondents
were significantly answered no symptoms.

If we compare the frequency of these symptomsin the active phase,
we can see that the frequency of all symptoms was significantly
decreasing after 4 weeks from the confirmation of COVID-19.

The situation was similar in terms of duration (question 13).

On the 14 question "Do you have any chronic disease?", the

frequency of any disease among co-morbidities could not exceed

50%. Thyroid gland diseases appeared most often in the answers
(21.1%).
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Amongthe answers to the 16 question "How many doses of the

Covid-19 vaccine did you receive before confirming the virus?", it
was significantly prevailed the respondents who were not
vaccinated at all reliably. Among the vaccinated, the 2-fold dose
was prevailed (Chi2=92.76, p<0.001).
The 17* question was about the type of vaccine. It was significantly
prevailed the interviewees, who were vaccinated with Pfizer.

Theresultsoftheresultsofthe course of Covid-19in the study group were
as follows:
The frequency of patients requiring the hospitalization was 11.7%.
The frequency of patients requiring the intensive care was 1.0%.
The frequency of patients requiring the oxygen therapy was 5.5%.

The frequency of patients requiring the treatment with glucocorticoids
was 3.6%.

Among the answers given to the question "How many days were you in
the hospital?", it was significantly prevailed the respondents who were
not treated in the hospital. Theaveragelevel of 25(OH)D in blood serum
was20.1 0 9.6 ng/ml. Analysis of 25(OH)D levels showed that 25.6% of
the study group had "severe vitamin D deficiency" (25(OH)D < 12 ng/ml);
36.7% - "vitamin D deficiency" (25(OH)D was in the range of 1220
ng/ml);37.7% - "normal level of vitamin D" (25(OH)D O 20 ng/ml).

The distribution of patients according to decreased, normal and elevated
data of laboratory parameters showed the significantly higher percentage
of the patients who had:

normal total cholesterol level;

decreased HDL-cholesterol level;

elevated LDL-cholesterollevel; normal

VLDL-cholesterol level; normal

atherogenicity index;
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According to the results of general blood analysis showed the significantly
higher percentage of the patients who had:

normal hemoglobin level; normal

leukocyte level; normal

lymphocyte  level;  normal

erythrocyte level; normal and

elevated platelet levels.
In order to study the course and outcomes of Covid-19 according to
vitamin D levels, the study group was divided into three subgroups:

Group 1 (acute vitamin D deficiency) — n=83;

Group 2 (vitamin D deficiency) — n=141;

Group 3 (normal level of vitamin D) —n=160;
The age of the patients was not significantly different between the
groups. No significant differences were observed between the groups
according to the age groups and gender distribution. Mean BMIvalues
did not differ significantly between the groups. However, the distribution
of vitamin D levels and excess body mass showed significant differences
between the groups. Overweight and obese patients in the acute vitamin
D deficiency group (group 1) was significantly outnumbered the groups
of patients with vitamin D deficiency (group 2) and normal values (group
3) - Chi2-test = 15.459, df. =4, p=0.004. To the question "How many hours
did you spend in the sun a day?" In the study subgroups, the distribution
of response 1 ("0 or don't know") between the groups was not
significantly different. The odds ofanswering 2 ("1 hour") in group 1
were:

4.9 times more compared to the group 2 (OR =4.90, 95%CI2.72 -
8.85, p<0.001);
4.8 times more compared to the group 3 (OR=4.79,95%CI2.71 -
8.48,p<0.001).

The odds for answer 3 ("1-2 hours") in the group 1 were:
4.0 times lower compared to the group 2 (OR =3.96, 95%CI2.20 —
7.12,p<0.001);
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3.1 timesless compared to the group 3 (OR=3.11,95%CI 1.75 - 5.51,
p<0.001).

The odds of a 4th response (“3+ h”) in the group 1 was 6.8 times lower

compared to the group 3 alone (OR = 6.80,95%CI1.56 —29.60, p=0.011).

The distribution of responses of 2 (* *don't know'") to the question,
"Before being diagnosed with Covid-19, were you taking vitamin D
supplements?" was not significantly different between the groups. The
oddsofa 1 ("No") answer in group 1 were:

4.1 times higher compared to the group 2 (OR = 4.12,95%CI 2.31 -
7.34,p<0.001);
5.8 times more compared to the group 3 (OR =5.78,95%CI 3.24—
10.32,p<0.001).

The oddsofa 3 ("yes") answer in the group 1 were:

4.0 times less compared to the group 2 (OR =4.09, 95%CI 2.29-7 .32,
p<0.001);
4.8 times less compared to the group 3 (OR =4.77, 95%CI 2.69-8 46,
p<0.001).

Tothequestion "Howmany dosesofthe Covid-19 vaccine did they receive
before SARS was confirmed?" The odds ofa response of 1 ("0") in the group
1 were:

2.2 times more compared to the group 2 (OR=2.17,95%CI1.21 —
3.93,p<0.001);
2.9 times more compared to the group 3 (OR=2.91,95%CI 1.64 —
5.19,p<0.001).

The odds of hospitalizationin the group 1 were:
8.7 times higher compared to the group 2 (OR=8.73,95%CI 3.58 —
21.27,p<0.001)
5.6 times more compared to the group 3 (OR =5.62,95%CI). 2.66-
11.90, p<0.001).

The odds of transfer to the intensive care unit were not significantly
different between the groups.
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The odds of the requirement of oxygen therapyin group 1 were:

28.4 times higher compared to the group 2 (OR =28.41,95%CI3.66 —
220.47,p=0.001);

5.2 times higher compared to the group 3 (OR =5.21,95%CI 1.92-
14.12,p=0.001).

The oddsofthe requirement ofglucocorticoid therapyin the group 1 were:
3.7 times higher compared to the group 2 (OR = 3.65, 95%CI 1.06 —
12.53, p=0.039);

8.4 times more compared to the group 3 (OR = 8.43,95%CI1.75 -
40.65,p=0.008).

The odds of fever in the group 1 were:

6.8 times more compared to the group 2 (OR = 6.75,95%CI3.02 -
15.04, p<0.001);

11.5 times more compared to the group 3 (OR = 11.46,95%CI5.19-
25.32,p<0.001);

The odds of fever in the group 2 were 1.7 times higher compared to the

group 3 (OR=1.73,95%CI1.09-2.73, p<0.001).

The odds of cough in the group 1 were:

4.1 times more compared to the group 2 (OR =4.13,95%CI2.26 —
7.55,p<0.001);

7.1 times more compared to the group 3 (OR =7.14,95%CI3.90 —
13.07, p<0.001).

The odds of cough in the group 2 were 1.7 times higher compared to the

group 3 (OR=1.73,95%CI1.08-2.77,p=0.024). The odds of difficult

breathingin the group 1 were:
9.6 times more compared to the group 2 (OR =9.64, 95%CI5.05 —
7.42,p<0.001);
13.4 times more compared to the group 3 (OR =13.41, 95%CI 6.86 —
26.19, p<0.001);

The odds of difficult breathing in the group 2 were 1.4 times higher

compared to the group 3 (OR =1.39, 95%CI 0.70-2.77, p=0.350),
although non-significantly.
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The odds of fatigue in the group 1 were:

2.1 times more compared to the group 2 (OR =2.07,95%CI1.18 —
3.61,p=0.010);
4.0 times more compared to the group 3 (OR =4.00,95%CI2.29 —
7.01,p<0.001);
The odds of fatigue in the group 2 were 1.9 times higher compared to the
group 3 (OR=1.94,95%CI1.21 - 3.11, p=0.006). The odds of the loss of
smell/taste in the group 1 were:
2.0 times more compared to the group 2 (OR =1.98,95%CI1.14 -
3.47,p=0.016);
3.7 times more compared to the group 3 (OR =3.72,95%CI2.09 —
6.64,p<0.001);

The odds of loss of smell/taste in the group 2 were 1.9 times higher
compared to the group 3 (OR=1.88,95%CI1.11 - 3.17,p=0.019).

The odds of chest pain in the group 1 were:
3.7 times more compared to the group 2 (OR =3.71,95%CI 1.88 —
7.34,p<0.001);
4.6 times more compared to the group 3 (OR =4.58,95%CI2.30 -
9.12,p<0.001);
The odds of chest pain in the group 2 were 1.2 times higher compared to
the group 3 (OR =1.23,95%CI0.60 —2.54, p=0.569), although non-
significant.
The odds of rhinitisin the group 1 were:
3.7 times more compared to the group 2 (OR=3.71,95%CI 1.88 —
7.34,p<0.001);
1.7 times more compared to the 3rd group (OR=1.67,95%CI0.81 —
3.43,p=0.161), although not reliably;
The odds of rhinitis in the group 2 were 1.4 timeslower compared to the
group 3 (OR=1.42,95%CI0.67 —2.94, p=0.365), although non-
significant.
The odds of sleepinessin the group 1 were:
2.0 times more compared to the 2nd group (OR =2.01,95%CI0.78 -
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5.17,p=0.148), however, not reliably;

5.3 times more compared to the group 3 (OR =5.34,95%CI1.62 -
17.60, p=0.006);
The odds of sleepiness in the group 2 were 2.7 times higher compared to
the group 3 (OR =2.66,95%CI0.80 —8.83, p=0.110), although non-
significant.

Discussion of Study Results

There is considerable debate in the literature regarding the effect of
vitamin D on SARS-COV-2 infection. Vitamin D may modulate disease
manifestations through its effects on macrophage function and innate
immunity. Vitamin D supplementation becomes urgent in the absence of
effective pandemic prevention and treatment strategies. Given the
availability and very cost-effectiveness of the drugs, vitamin D
supplementation may be an important option for at-risk populations
(especially Research4Life Group A and B countries).

Previous systematic reviews have clearly demonstrated an inverse
relationship between 25(OH)D concentrations and acute respiratory
tract infections (Yisak et al., 2021; Pereira et al., 2022; Liu et al., 2021).

Similar to our findings, Panagiotou et al. (Panagiotou et al., 2020) found
that low serum 25(OH)D levelsin 134 hospitalized patients with COVID-
19 were associated with a more severe disease course. In contrast,in a
study using data from 348,598 patients from the UK Biobank, only 449
(0.13%) had a confirmed diagnosis of COVID-19 confirmed by a positive
laboratory test for SARS-CoV-2, and they found no association . between
25(OH)D and risk of COVID-19 infection (Hastie et al., 2020).

The mean 25(OH)D levels of 154 patients with COVID-19 in India were
in the deficient range (<30 ng/mL). Patients admitted to the intensive care
unit and those who died of COVID-19 had more reduced vitamin D levels
than survivors (Jain et al., 2020). In Belgium, patients with a more severe
course of COVID-19 infection showed greater deficits in 25(OH)D levels
(De Smetetal., 2021). Swiss patients with COVID-19 showed significantly
lower 25(OH)D concentrations compared to uninfected individuals
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(D'Avolio et al., 2020). Data from 7,807 subjects from Israel showed that

25(OH)D levels of COVID-19-positive individuals were significantly
lower than those who were COVID-19negative (Merzon et al, 2020). A
Chinese study using multivariable logarithmic regression showed that
vitamin D deficiency was a significant risk factor for severe COVID-19
(Luo et al., 2021). Vitamin D deficiency is recognized as a risk factor for
COVID-19 infection; A disease that hasaffected more than 1 billion people
worldwide and caused approximately 3 million deaths. Vitamin D
deficiency isa global problem, especially in northern countries above the
35th parallel. Our results are in agreement with Jain et al. Results showed
that the mean 25(OH)D level of asymptomatic patients with COVID-19
was 27.9 + 6.2 ng/mL, while that of a similar COVID-19 patient requiring
ICU admission was 14,4 + 5,8 ng/ ml. Merzoni et al. In the study, the odds
ratio for hospitalization related to COVID-19 with vitamin D deficiency
and normal 25(OH)D levels was - aOR = 1.95 (95% CI - 0.99-4.78).

Risk scores have been developed to understand and improve the
outcomes of COVID-19. Among these are QCOVID (Clift et al, 2020) and
OURMAPCN (Chen et al., 2023) to estimate the risk of hospitalization
and mortality from COVID-19. They consist of data on demographicand

biochemical parameters and comorbid conditions.

However, vitamin D status is not included in these algorithms.
Therefore, we recommend the inclusion of serum 25(OH)D levels in
such algorithms.

We acknowledge somelimitations of our study inherent in the
retrospective design of data collection and the lack of availability of other
confounding factors such as comorbidities. Because we obtained data on
COVID-19 cases from the NCDC database, we were unable to estimate
the risk of asymptomatic COVID-19 in people with vitamin D deficiency
in the community. We also could not exclude other potential
confounding factors (such as obesity) associated with vitamin D
deficiency and the severity of the course of COVID-19 (Aghili et al.,,
2021). We do not have information on anthropometric data during the
COVID-19 infection. To be fair, seasonal variations in vitamin D
deficiency and the timing of outbreaks of different SARS-COV-2 strains
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should also be noted. Despite these limitations, our research may have
important implications for public health planning and policy
development for the prevention and treatment of COVID-19. The timing
of vitamin D assessment is also a matter of serious debate. Because the
study was retrospective, we relied on NCDC records. In our study groups,
vitamin D levels were determined 2-3 days after the confirmation of
COVID-19. Yes, the assessment shows that the phase of COVID-19 was
acute. Therefore,low vitamin D levels mayin some cases be due to an
inflammatory status (di Filipo et al., 2023). It should also be noted that
the records do not include vitamin D supplementation. Therefore, we
consider thisissueasalimitation of the studyand add a limitations
section. However, whether the phaseis acute or not, whether the patient
is taking supplements or not, our results indicate that low vitamin D
levelsreliably correlate with hospitalization, intensive care unit
admission, and need for oxygen therapy, which is highly noteworthy.

Conclusions
From the answers obtained from the patient survey, it can be concluded
that they spend little time in the sun; They took vitamin D

supplements for several weeks; did not take multivitamins containing
vitamin D; They mostly took vitamin B12 and vitamin C.

A significant majority of patientsstarted taking vitamin D supplementation
after the confirmation of Covid-19.

The short time spent in the sun was significantly higher in the subgroup
of acute vitamin D deficiency compared to the subgroups of patients
with vitamin D deficiency and normal values.

After the confirmation of Covid-19, there was a significant
preponderance of respondents who answered negatively to the
question about taking multivitamin supplements. However, when
compared to pre-Covid-19 data, the distribution of responses
significantly shifted in the direction of increasing supplement
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recipients. Among the supplements, the number of recipients of
supplements containing vitamin C and Zinc increased reliably.

The results of the results of the course of Covid-19 in the study group
were as follows: the frequency of the patients requiring the
hospitalization was 11.7%; frequency of the patients requiring the
intensive care - 1.0%; the frequency of the patients needing the
oxygen therapy - 5.5%; the frequency of patients requiring the
treatment with glucocorticoids - 3.6%.

Prior to confirmation of COVID-19, the percentage of the patients
receiving vitamin D supplementation in the acute vitamin Ddeficient
subgroup was significantly lower compared to the vitamin D-deficient
and normal subgroups.

The percentage of those vaccinated before the confirmation of Covid-19
in the subgroup of acute vitamin D deficiency was significantly higher
than the percentage of patients with vitamin D deficiency and normal

indicators.

The odds of hospitalization in the subgroup of acute vitamin D deficiency
were significantly higher than the odds of hospitalization
in the subgroups of patients with vitamin D deficiency and normal
values.

The odds of transfer to the intensive careunit in the subgroup of acute
vitamin D deficiency did not differ significantly from the odds of
transfer to the intensive care unit of the subgroups of patients with
vitamin D deficiency and normal values.

The odds of requiring the oxygen therapy in the subgroup of acute
vitamin D deficiency were significantly higher than the odds of
needing oxygen therapy in the subgroups of patients with vitamin D

deficiency and normal values.
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The odds of requiring the glucocorticoid therapy in the subgroup ofacute
vitamin D deficiency were significantly higher than the odds of
needing glucocorticoid therapy in subgroups of patients with vitamin
D deficiency and normal values.

Among the symptomsof Covid-19, the odds of fever, cough, shortness of
breath, fatigue,loss ofsmell/taste, chest pain, rhinitis,drowsinessin the
acute vitamin D deficiency subgroup significantly exceeded the odds of
similar symptoms in the subgroups of patients with vitamin D
deficiency and normal indicators; In the subgroup of vitamin D
deficiency, the odds of fever, cough, difficulty breathing, fatigue, and
loss of smell/taste were significantly higher than those of the subgroups
of patients with normal values.

Practical Recommendations

The experience of the COVID-19 pandemic can greatly contribute to
predict the outcomes of viral infections. In algorithms for the
management of these infections, the question of vitamin D status
should be considered, which can play a decisive role in assessing the
risks of poor outcomes (hospitalization, need for intensive care,
oxygen therapy, glucocorticoid therapy, mortality).

In order to prevent bad outcomes of viral infections, it should be strongly
recommended to take vitamin D supplements in relevant risk groups -
people with vitamin D deficiency and a practice of spending little
time in the sun.

In the course of the retrospective study, recording errors were revealed,
which must be taken into account for the future - the records often
do not include information about the patients' anthropometric
indicators, the strain of Covid-19, and the intake of vitamin D
supplements by the patients.



