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Abstract

Introduction: The paper discusses the clinical and forensic significance of Congenital Dermal
Melanocytosis (CDM), also known as the "Mongolian spot." CDM is a benign pigmented condition that,
in cases of atypical localization, may be misidentified as traumatic injury (hematoma) or postmortem
putrefactive changes. The study aims to analyze the prevalence of this condition and emphasize the
importance of differential diagnosis in atypical cases. Methodology: The study is based on a retrospective
analysis of 129 forensic cases accumulated between 2013 and 2025. An exclusion method was applied
(bodies with distinct putrefactive changes and cases of antenatal death were removed). For the
verification of atypical cases, histomorphological examination was conducted using Perls' and Masson-
Fontana specific reactions. Results: The prevalence of CDM in the selected population was 5.4%. A sharp
ethnic differentiation was revealed: the prevalence in the Chinese group was 62.5%, while in the
Georgian group, it was 1.68%. Typical localization (sacrococcygeal) was characterized in 71.4% of cases,
while atypical positioning was recorded in 28.6%. The case of a 1-year-and-11-month-old Chinese child
is described in detail, where a histological examination of a spot in the abdominal area confirmed the
presence of melanin and excluded hemorrhagic genesis. Conclusion: The atypical localization of CDM
poses a significant forensic challenge and requires consideration of ethnic anamnesis. To prevent
misleading forensic experts, the accurate recording of pigmented spots at birth in primary medical
documentation is critically important. In suspicious cases, histochemical examination remains the "gold
standard" for differential diagnosis.
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9glsgsgro

®56sYmowo  gMdMwo  JgesbmEodmbo  (MEJd), O®MIgoE OLEBHMMOMEISE O
LoBMYPsMGdsdo ,,dMbOMEMOEMYHO WsJob“ Labgwomss Ebmdowo, 306M3qwo Lsdgsboghm
@0o@YMH@M00 XIX bom3mbol dmerml smofig®s. 1885 gl 4gMdsbgerds sbo®m3mermyds s
9J0d3s 90306 dgen3ds (Erwin Bilz) 0sd3mbgen sbsgmdmdowgddo ©ssxodloMs @sdabobosmgdgwro
dmerxm 302396@MM0 Wodgdo 4o39-Hgeol segdo.

3963060 ,,0mbOMEWMOEMBHO Wsds“ 08 3gM0MPOL SBMOHMIMEMPOMMO 3ESLOGO3ISEFO0M
0g4m  29b306MHMddMwo, M5yb gl BbmIgbo y3zgmsbg bJoMo  sEdmlisgago  sHool
Jmbobergmdsdo  a3b3gdmes  (Cordova, 1981). 0mp30506900m,  YMTSGHMEMPO0Ls O
930H0MmEMyo0l  2ob30msMgoLMD g ©oRObEs, MM ods gsdmfizgeros IMIsdo
d9sbmEo@gdol  donqdbgdmmo  doa®msgoom  ByMzmwo  JgoEsb  g30gMdololzab, Mg
Ho63m03bL 2496300560530l BODBOMEMAONMH GoMI0SE0L S 55 35MNMWMY0E 3Om3gLL (Chua
o Pico, 2026).

XX bom3mbol gmeg bobgz®osb LsdgoEobm LsBMYsMGds Fosz0©s BIoGMIEEM,
3003 969D%9 ©55313bgdwYe EgMTObMEMY05BY ,,MbIYMEowo Mo dgasbmizo@mboS,
65953 25TMMHO3HS gMB0ZMOHO 3:MbME30900. A F60bOWGdS, HMYMOF 39000WM30Lgd0bO s
03000930980MJO5O 302396E¢ M0 IEYMIMIMDS, MmIgeog B39 gdMH0Z 05333MdOL sEMgwyE
3960mEdo §Mgds. -0l 36935¢9bEmds 3603369crmzgbs 35M0MgdL gmbozmMo Fo®dmdmdol
dobg3000: 50IMLEgEgm sHBOOLS s SBMO3IM 3m3Ea30gddo 0o 80-100%-b s0fagl, bmerm
9360™37 (39339L096) X353gdd0 03305005 S Fbemerm 5-10%-3o a3bgzgds (Suaiti s Lbs.,
2017; Quazi s Ubg., 2023).

d0vbgs35 JoLo  3gmowm3z0Lgdosbo dMbadols, mE3-ob Jwobozm®o d60d3bgErmds
033000050 0BMHEGDS LobsdoMmEM-sdgEoEobMm 36Mod@03500. 9BH030MMO WM3ISEX0DIEO0L b
06@gblovyMo  89x39HomdOl  4sdm, 30909bGo30s  gladerms  Fgmdom  0gbsl  doBbgmaro
G530 ©sH05b6gds® (3905¢)™MIs©) 96 3MLAEHIMOEME 3MB0M (33¢0Egds©, Mog Jdbol
L59gu39OGH™ Fg3EMIOL 96 F0BOIWG doErsEMBSBY 36O+g 9330l Logdzgel (Schlepper s Ubg.,
2024).

56sYymowo  @gMdoeo  FgasbmiEo@mBol  3¢0bozmMo  LyMsmo  bBILosSMYdS
03°80Mm©  A50MboGMWo  @MmIswoDI30Ho  3OHOMOOGIGHIPoms ©@s  B3g30x80IMGO
InOBMEMA0MMo 6odbgdom. 9gdmbggzemes sBLMEIEHME MIMZEglmdsdo (ssbermgdom 90%)
30939639309 BoJuoMEads Harrol, 2530l s MBEEMGdOL 590, Mg 30a395E VMO oMmosEo0L
300b0ogme  9bsGHMToG  A93MEgwgds doobbggzs (Gupta s Thappa, 2013). dowgbgogs©
00bodbymo  396mbBmTogmgdols,  LsdgEoEobm  3MedBHozsdo  a3bgzwgds  9G030v9MO
©MI0B309003, 3500 FmMoL F3eol HBmbsdo, Bmmyol amedzg®ool baffoerdo, 3390y,
939005 300MHIOOL 93965 BIEI30OLS S ©930YMHJLOE 0F300m, Lobol s@gdoi (Lee s Ubg.,
2010; Cordoro s Gupta 2010). GMORMEMAO0MOHO MZ¢LIBOOLOM, WsJgdo  Y30MoE Lo
9ogLwO0 96 Mmz5Mo gmMToLss, HMIGEms BMTs oMM Msdgbody LabEH0dgEMmOEIb
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RFOOOM 393M3EIgOM 3905050y (Congenital Dermal Melanocytosis, 2025). dsmo ggems 45ds
I m-0H3569 GHMbsmdom boliosmgds, Moz Lo3MdM0Z 065303580 Fwgdgds, MMIEs
39000b393500 I3 glmds 3-sb 5 emsdg sLo3mdMOg 06E M350 L3MbEBMM MgatMqLlLs
2496030L (Gupta s Thappa, 2013).

LoLOFIOHMEM-b5dgOE0bM gdu3gMEHODOL 3MMEgbdo s©0bodbre ggbmdgbl 4swsdfhyzg@o
36033b9cmds 9603905 ©0RIMI6E0sHO  0sRbmLEO30LL. 3gMImE, 930 gdgEos dolo
24990% 365 B30 G330 99Mf39ME0 EIB0sBIDIOIOLAD, BHMaMOOEss 39T5@ Mo b 39693980
LolbBRsJ3939. ) 20308 Bmbsdo sOLYdIMEO Wsds FoboToewy® bsgdudghEHm LoMmvyEgls
§oM0Moa9bL, 5GH030M0 M3se0Bo3Eool G90mbgg39d0 dmombmal LoMTolgEn 33¢939Ls
Dmaxg® 30LGHMEMA0NOH LGHMOLIG 30, MM 20MOMOELML FoHOZMOHO JosEMdOL 335¢0
(Schlepper oo Ubg., 2024).

2496L03MmMMHIBO®  LoygMMeMdms  3mbAmMEH™mo  0s3bMLE03s, Ls@og  9GH030vMTs
0009056gmdsd s UL3gEoBo3MMTs  BmdP356m  Fgxrgmomdsd  dgladeoms  9JudgMGHo IO
5133659009 300Y4z356MU. 39M:dM, 33500l 25MIRB0 IMZo0gMHGVOLL s©0boTbEo 30309bG 30
bdoGo© sHEIBL 9EMJME0 EEMBOMO FOHMEILYOOL 0TOEGOMPOSL, oG MM gdl Lo3zoErol
bobsHIMEmdol  BLE  gobloBOg®mSL.  Tglsdodolo®,  ©IMTsmo  IgErebmEoGmbol
QOxBIMHIBE0MGds  33950MH  3mMBLMB  3MoGH0IMws©  603369mzsbos  9JL3gHEHOBOL
3099BHvOHMdOL FgLobs®BMBgd.

Lo9Ju3gOGH™  EOL3ZBOL FMTBoEIdOLOL 3MOGHOZMWsE T60dz6gwmzsbos gmbozwMmo s
39JMAMIBON0  FoJBHMOHIOOL  45035w0bfobgds:  sDBomo s sxgMo3Mwo  FoMImImdol
3Mm390(309000  ©gMBsErm®mo  IgEabmEodmbo  Bm®mdsrm®  gobomwmyom®  dmgwgbs
2496obogds, 35906 MMl 930M™M3g0NY Molsdo 030 083050MBL FoMImoyqbl. s0bodbmwo
dmbs3gdgdo  bdoMms  498m0ygbgds  30MHM3zbgdol  gbozm®mo  0wIBEHOFOEOMIOOLMZ0L.
99b39OEH0BOL  MBOYIHWOMBOLMZOL L3I IVIMMS  LOWMEYMBOWO  BMEHMAMIGOIE0
©M399996¢0Mgds, @sdol BmIol, BgMoLs s WM3sE0DsEool BNLEHO s0hgds, bmem bsgFzm
39000b3939030 J036ML3M30E0 (30LEHMEPMAOMMO) 33¢g30L BoEIMIDS.

§065800905M9 330930l FoBbos Im3gdwYeo BEAMTMIMBOL 3er0bo3wMHo 4sdmzobgdgdol
LobBHYToG OO 50PgMs, 393MEIXO0L SbseobBo bbgssalbgs gmbozm®Ls M sls3mdMOg X awi3do
©5  5@030mmo  dgdmbgg3900L  IMOBRMEMA0MMO  0¢)  30LGHMEWMYOOHO  E™IMIIBEMYdS.
B58OM3To 496Ls3MMYOMEX0 YMMOEEGDS J0dMdS B9bMIGbol 9JudgME e 9608369 MBS, Mo
2329¢00lbIMBL Job 3358300 4500x% 3650 B3390 O 3oMMEPMA0IMO sH0SBIOJOOLAD. 33¢g30L
390093990  99Jdbol  mgmOoE  ©s  3M9JBH03  Logdzgel  LogdudgdGHm  dgamdgdols
30939b300Lm30L s bl Jgfymdl S0 EMmdMo30  mbs3gdgdol  0b@gamomgdals
L5gOMSTMOOLM LodgbogMm dsBYdTo.

3900MEMEMY05

331930L oBsobo s GgMBg3s
§0bs8gdstg  33eg30  FoMTmoaqbl  2013-2025 {engddo  @opMmzowo  Lagdudgm@m

FdLoEgdol  Mg@OML3gIGH0E  glHogarsl. 33w930L  BoMPgdTo  gosboeoBEs Lwyer 129
39000bg93s. 000996  Mobsgmeowo  yMdMeo  Igasbmzo@dmbo  (wEd) sxzgodlobEs 7
39000b393580, bmem ©sbs®BI6 122-80 303996@wIM0 dqdol sMLYdIMBs 56 5©00bodbgdMEs (0b.
3bMoo Nel, Ne2).
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3L53mdM030 LAMIG0R0IIE0S MPT-0L oz EgEgdols s dobo sbo3MdMO30 ObsTozol
30993 Mo JguoLgdol dobbom, Lozzwrgzo 3mbEHOBYBGHO ©s0gm Mmmb JOMHOMOI® KAIBI©
(Schlepper cos Ubg., 2024):
e EN (Early Neonatal): 0-6 009 (5099900 6590653 serm®o 3960m@0);
e LN (Late Neonatal): 7-27 o0 (230560 69mbs@swvMo 39600m@0);
e PN (Post-Neonatal): 28 o006 1 §e0sdg;
e EC (Early Childhood): 1 {j¢c0009b 5 §ersdg (500MHgmemo d5393mds).
3060360 LEHMIGOR0IS305 035 LodMsEIGdL, YEICYMIE Fgz39LEIL 308T9bGES300L
36935¢gbGH™MdS 49630090 Jd0L Lbgsalbgs 93939 s oAbl Bolio 30MHgEsE0s SBOIMIMOZ
053905L06.

3b®0oo 1. 1©a go6gdg 990mb3zg3900L gobsfogds (n=122)

1 315530030 353JRMMOS 350MHmdomo | dyEGHMdOmMO 0d

2 390 6ymbsE@o (0-6 ) 37 25 0

3 330560 69mbo@ew®o (7-27 my) 9 7 0

4 3L EbgMbs@S®Oo (28 omg-1 91 15 0

flowwo)

5 3MJM0 05303MdOL (1-5 fgero) 5 3 0

X500 72 50 0
3b®oo 2. 13 3Jmbg 99000b3939d0L 4obsfowgds (n=7)

1 Sbo3moMmn3zn 30&3amMod 350MHmdomo | dyEGOHMdOmO »©Jd

2 QM0 6yMbsE®o (0-6 ) 0 1 1

3 330560 69mbo@ew®o (7-27 my) 1 0 1

4 3L GbgMbESIMo (28 omg-1 fgwo) 3 1 4

5 3MJM0 05303MdOL (1-5 fgero) 1 0 1
X500 5 2 7

350mMmoEbgol  3MoEgMomdgdo  33¢0930L  350EVIOMBIOL  MHOHVB3gELIYMBO©
©0536mMLEH03MO0  (300Mm30Egdqd0L  JobodoBsgool  doBbom, godmyabgdmer  odbs 35360
3580M0o3Ebgol JgoMEO. 3300930000 58MmEgdXEn 0dbo:
e 2350900 03530Mm© 2odMmbsG™MEIO EEMOOMO (33E0MGIJP0D - 3EHIMOEH O
@5dgools s MEI-ob MMHMOGNHMYMI30L (OBRIMIBE0SCMOHO OsRBMLEHOZOL
LoMMOL) M930056 530 gdoL JoBbom;
o 5BFIPsGIMOHO  bozgowol  Fgdmbggzgdo  (Bgosymgbol  3gMomedo
O30 boymyqdo) - 33¢930L  Fbmerm@  3mbGbo@e®  3gMomdo
2309m39bog 360060316 LM smbg BMIMLOMIGOOLIMZOU.

LBHoGOLGH032IM0 Bsgrobo

dmbs3gdms  LASGHOLGHOZMMO  ©3w9ds3gds  gobbmM3090©s MoMmMgM X ay3do
3693596 GHMB0L  398303096GHOL 290MMZEOm. b50bol 3MMEglido 45035¢obfobgde 0dbs
90603100 ©5 Bdgbmd®H030 ©oxgMIb305300L Bod@M™Mado, Mog Lsdwowgdsl 0dgrgzs dmbgl
9mbs3g8ms 3m33cgdlwydo 0bEIM3HYEHI30s.
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89095980, o30S

Bo@oMgdwgends 33e09398 583969, Mm3 0vd-0b 49303 gdob LogMmm dsbgzgbgdgaro gMbgmem
339530530 8950096l 5.4%-b (n=7). (ob. sbGowo N3).

3b53MOMm030  0bsF0ZOL  MZoeLsBOOLom, Bmbsigdoms  sbsgrobo  3bsymxl,  GMI
Lobdomy oG mdL 06@9Mm35¢qddo:

3bGHbIMbsGs®mo  (10%) s 5o d35383mdol (11.1%) 3539amM09gddo. s50bodbmwo

30939639300l 2409m3egbols Lo 3MdMO3
39bgb30s  LobedsMMEM-LsTgEOEbM  MZsLEBOOLOM Loy IDMS, MoYb 53 sbs3d0
BOBOZMM0  9dBH03MmO0L  BOEILMB  gOHMoE  08oGJOL  OBIMIBE0S MO ORBMLEHIOL
L5 FOMHMGdS BHM30E PIH0BIOJOMb dodstramgdom (Gupta s Thappa, 2013).

LJgbmdMOZ0  3MOGESEO00L  MZoLsBOOLOm, -0  dJmby  LBogdBHIOL  TmMol
2000033909 359OMd0mo Lgbols mdobo®mgds (71.4%, n=5).

90603MMH0  mzsbsbOobom, 360dzbgerm3zsbos  900bodbML, ®MI  mEd-ol  dJmbg
bB0gdBJOoL 71.4% sBomG®o (Bobw®mo) Fo®BmTmdOLSs, Moz bLBOL  As3M(3gEgdol  Toeon
058396909l Fglsdsdol slogmdM03 939x 29539030 s bsbL Mbgsdl gobozMo s6s36gBol Hmenls
L59JU39OEH™ EaL3ZBOL FMTBOEJIOLSL.

gb®owo 3. mbEsgmmowo Moo 3gesbmizo@mBol  (T) 2930 Egegds
3530030 35&9aMM09d0Ls s Bglol Bobgogoo (n=129)

3153MBM0Z0 39BHJRMM0S bgglo (;;))?]'(;:] b 0539:531) b (n) 3633‘3?&2‘9)500166
QM0 0506. 37 0 37 0%
Bgmba¢ew@o (0-6 oY) 89®. 25 1 26 3.80%
330060 bgmbs@ocm®o 0506. 9 1 10 10%
(7-27 ©w) 90906 . 7 0 7 0%
3mbBbgmbadscm®o 0506, 21 3 24 12.50%
(28 g-1 o) 00096. 15 1 16 6.25%
QM0 d5333MdOL 0506. 5 1 6 16.70%
(1-5 fogero) 00096. 3 0 3 0%
X501M0 doB39690gc0 122 7 129 5.40%

90603100 LEHMIGHO0B03S300L  LoggdzgEBg  Bo@oMgdeds
LEAHIGHOLEH0ZMM©  Lo®fAmbem  oblbgogads  XxaMxgdl  dmGob.

3boE0oBds  o0magerobs

(ob. @gbMowo N4) Bobme

339530500 d-0b 3M935¢gbEMdT Fgo0bs 62.5% (n=8), M3 360336gEM3bs 50gdodgds
bbgs x39153900L 35639698093l o GgqLodsdqds wo@ghs@nevye dmboggdgdl sHow® Molisdo 53
139603960l dowswo 493MEgmgdol glsbgd (Cordova, 1981; Suaiti s bbs., 2017).

JoOme 33530580 IBROJLOM®S VIO 30935 gbEMds 1.68% (n=119), Gs3
3Q3LBANMMOL, MMmI 930M™3goEwyo  Ho®ImImdol 353939000 ©YMToyMo  IgEsbmEodmbo
003000 306036 9900bg939L FoMdmoyqbl (Cordoro s Gupta 2010). bbgs 900603496 % 89539300
(Lmdgbo, cMdo) dgomg FgMbgzol gsdm (n=1) 3030969300l Fgdmbgg3qdo 56 gsdmgzegbos.
900900 990093900 bsBl MLgsdl 00 4oM8mgdsL, MMI LodsOmzgermdo dmE3zshg LolsdsGomem
99L390EgOOLMZ0L BHEITMBOEGOOL 45933 g30LSL LbgmEBg AuAS3LO ool sOBYdMDS “4bgs
094mb 35050 YMo@©doL Logebo, Goms 56 dmbgl Jolo s©0Mg3s GM3E sB0DYISLMD,
dolo 003050MB0b 5dMmIE0bsMY.
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3b®oo 4. m»EI-0bL 30935¢9bEMds §bo3MMHO X MBIl dobgzom (n=129)

96036505 baghoe ?:;) Qgbmds 0©3-ob dgmby (k) 36935em9bEmds (%)
Bobgero 8 5 62.50%

JoO 390 119 2 1.68%
bemdgbo 1 0 0%

0Mdo 1 0 0%

X500 129 7 5.43%

3500 5. EJ-0b F9dmbzg3sms 30b03wM-bsEMI0MGOO s 9Ju3gMEWIo FobslosmgdEgdo (n=7)

Ne | g6oemgbgds | Lggbo 3ls3MdMOZ0 | M 3ISEOBHGOS 8960 9Jb396GEo
35393060 3abOB0OZOEOd
1 Robgwo | og®. PN ©@PEN@®8GHobo | JmeoGxm, 0309960
bom3o dnOMbm
2 Robgero 0596 LN ©bEMEwmydo; Iy m, 0309960
QIbEYE®TMGOLO dGrbm
Bomgo
3 Bobgwo 0506. PN ©@BEN@®8nGHObo | JerEmGRm 303060
Bomgo
4 Bobgwo 0506. EC 3390 00f356m, 3BH030M0*
I m
5 Bobgwo 0506. PN BYOR0; InOxm | 5G030wHo /
©6©)ms8mGolo 3969790
Bomgo
6 | Jomggwo | 0596 PN ©@PEN@®8nGHOLo | JerEmGxm 303060
Bom3o
7 | Jo6m39wo | 80). EN 8563bgbs b NWw® | ImErBHxm 0309960

3309390 9b39bs, Mmd Jgdmbggzoms IMmgErglmds (71.4 %) bobosmads 3sliog®o
©M3e0H300m (MBOMYMId0 s MBEYWDITMOHOLO 5M]). 193, sdmzErgbowos MmO
3900bg930 (28.6 %), LS 303396E930S BoJLOMEYDdS 5EH030M BMbYdT0 T39LS S BGybY.

2496L53MGdOM Loy MIdMs 8g-4 90mbgzg3s (03¢0l M0 DBE0S, 17 MZ0L sBs30).
LoLOFSOHMEM-b5dgEOE0bM 3MsdBH03500 ol fobs 3909wy sOLYdMEO 303096 sE0s 3
3b53MdM03 X 3Rdo bdoMmow HYds desy30 GHM9330L 0doG e300l Loggdzgero (Schlepper s Ubg.,
2024). 5©0bodbwycno 99dmbggzs 5oLEGWOHIOL, M gdudg®@ds Mbs godmobobml dsdlodsgrm®mo
LogOMbOEg O 96 ASTMOHOELML MPT-0L sMLGIMBdS 5E030wE Bmbgddo, 3580bs 30, OM©LLG
353096GH0U sL530 1§l 00gdo@gds (Lee s bbg., 2010).

Ls0bEIOGLMS, HMT MO39 95G030vMO F90mbgg3s WIG0JLoM©s hobmEmo FoMImdmdol
10099 EHJOT0, Mg BgbodErms F0MOMYIEIL 304096E 300l YBOHM GoMmm gJldMglosBy sDowm®
33530900 JoO0ME XaMBRMb FgeMmgdom, Losi TBMWME FHO309YMHO WM ISoDI30s
2409m30bs.
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d900bggzs Ned  (9993¢00L  @om3ooDHo30s):  LobadsMmerm-bsdgoobm  9dudgMEHobol
3Mb39db@do, 3939w0Bg SOLYOMEO 5BHO030YIM0 303T96FE0S AOBLEZMMMGIME YOI EIOSL
dmombmgl. 3435006 200m33ag30Lsl,  ALogLds  odsd  TglodErms  SEMIMEO  E3MBOMO
(33090900l 0doG0Mgds  Fmobobml, Mo  36033bgarmzgbs  9MMEdL  Lozgwogrol
bobsHIMEmdol BNLE 4bLIBOZOL. gJu3gHGHTs Mbs FMobEObML 53 ggbmdgbol d3sg30m
©O0xBIMI6EoMmgds  3mdomo  3MmiEgbgools s  FMaeeol  fobs  3gowol  G®meg30vEo
39053 ™dgd0oLsb.

LYoo 1. gmEHmgdbg bsB3969d05 ©I-U GH0309)MH0 WM 3sEr0BsEos
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3obo3m®o dg0mbgggs:

§0b658009056M9 33¢0930L BMIMLL HoBmoagbl 1 Herols s 11 mM30L (sls3mdMO30 35GJAMM0s
EC) 0s06mdomo ULdgbol Bobgero Lbwydogd@ol (6.b.) Lobosds®mem-Lsdgooaobm gdudghm@obol
09000b3935.  299mdogdol  Foloergdol  mobsbdo@, 893030  O0dsEs  LYYMMYs3o0L  Fbom,
96530, 9bs3BgBdo  90gb0dbgdMES  2ob30mMeMmGOOL  FgBgdbgds s FgMdMMEO
@903mAogo30s.  353096¢0  bobyMdwog  LEsEombosmvyen  939MbIEIMBIL  goEOMS
139309w0HYOME 300603530, Ls0EBIE FgTIMS M35 BodEIB0T]) EVOT 5EMY.
10330W0o RO0JLOMEs 3e0bogsdo J0Yyz9659¢Y, 33939 MIL30MsEHMMME0 EOLEMILOL FmbEbY.
50bB0TBsZg0s, OMI sOLGRME LsdgoEobm M3IMTIbEHE0sd0 3560l Ms0dg Labols 30a095&wO
3300 gd5Hg BsbsPamo 96 3odboMmgdms. 9JudgMEHoBoL Fmbs39dgdo s OsRbMLE03WGmO
25803935 23500L  25M9gAsbo  IMZo0gMYdoLLl  Fmagerol  fobs 390l dosdmdo
3099950HEIPMEs 5GH030MMH0 ©MIs0B300L, FmI)ZbMm-TmermExm TgrgHoEmdol ads.
0n3g0M@ds  ImOBMEMA0MMTs  bLrMsmds  HomdmIzs  oggMgbEosMo  osabmlidozol
33090 MBS MO doMOMIE SU39JE9b F0TsHMYGBOM: WIMds: IMIF396M Fgx39MH0ErMds bdoMo
SLMEOMEIYdS  SOMIME WIMBOM (33P0 JIGOMD, MMIEs BssMmg30 9353M0 TMgEgbgdol
botolbo s Fobsgebo  9499m33¢q30LL  SYAMEWODBNHO  FOHMEILIOOL  SMEMLYdIMdS  T3Z9NG
§0bs500aamdsdo  dm@omEs  3MmdOL  39OLOSLMD.  BHMg30MEo  IBOBYDS:  sBHOZ0MO
9009056 gMds (339w0) 5Bgbs 933l dewsga30 doerol dmgdggdom 4sdmf3gmen 398s@HMmdsby, Mo
LoBoMMEGOOH0350  BODOZMMO  JOEOEMOOL  3390R0I30L  dmombmgs. 30obsosb
05360 mL3M3Mo LI MOSHOMZIBo 0gm, LsdMmEMmm 39MHEOJEOLMZ0L AsdMYgbgdw odbs

30LEMIMOFMEMYOYOHO 33¢930.

3oLGMINOBMEMY0Ho 3335

39b60L  gM3mwo Fgsbmizo@MmBoL 5GH030MM0  WMIsoDsool dgdmbggzs ol
00sdmdo  FoMO0moaabl  LoobBHgMalm  3eobogm® 309390031 ©oygMIbEoswmGO
©0536mBE030L  035bsBOOLOM, MoYb 303096EH0L IMIFZBM JERIHO M3I30MZgWS©
96965 LOYMAZ3E056 933L 39643985 LobbEIRII39Z30L MGHBMOBFOLIE BEBSOILS S 3bEBHIMM G
@3MO0m (33¢0¢gd0BY. 0sABMBOL 390030353006 BoBbom BoBoMgdMEds 3mI3Egury@ds
30LEGHM35MEMA0MMHTS 33009350, HMBYE0 IMO393Ws BEHBIMEME 3905@MJbowob-gmBobom
d909035Ls  ©@o  L3930xn03MG  30LEMJodowme  Mgod30gdL,  FoIdHY39BHO  OMEWO  0Msdsds
9GH0MMY00L sY)Bsdo. 39Mdm, 39MELol MYsd30sd 390mbogmobols dodsMo 4o8mogeobs
MOMYMBomo 35bvgbo, M3 LOMEEsE FodmGoabs 398mMogomo gqbgBol sOLYdMDds, bmenm
3oLB-g3MmbEHBSL  FgomEom  Bo@oMgdvemds  39MEbOlL  s0Eygbol  Mgod30sd 9GS
09sb0bols 30896@0L sMLGdMBds EIMTOL Fys S 39005 FMHYIBT0 WM ZoE0DIdME IBEMOEWME
09@sbmEo30do.  s0bodbmwo  3oLEHMIMOGZMEMA0HO  Lyesmo  9hmIbodzbgarmgbs
30m0mgol gEsbmEoGmBbY, Lowsog 30a396EHOL 3MIF3obM-0meEmBxm 30HsEMHo gx39d@o
50blbgds BH0bowol ggbmdgbom - Lobsmol GHowMqdol ORMBYMHO FoxgsbEGHZ00 IMToL
30039696 LEHOYIGHOgddo (Chua s Pico, 2026). dmEgdmeo dgdombgggzs bobl «ligsdls
3G03099MH0 M350 Bs3ool  dJmby AU @OsaBMLB030LL  3oLGmdodoMo  sBaoBol
36H0MmMH0GHIAICMOL 3e00b039M s LolsdsMmmEm-bsdgoEobm 9JudghEobsdo.
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boy@omo N4-5 - BoBggbgdos ©g®dol T s ©Mm3s 19bgddo  MomMOLEGHIMS BmMIoL

303396¢™6m0  39obmEo@gdol  xamxgdo, HM®IIdOL  A9BEIAIPMWGd0 9056 33 g6H
0m3F3mgol m®ob. sbsmseo dgmadoros Masson-Fontana dgormeoom (X100)

©al336s

Bo@oMgdnemo  33¢0g30Ls o 3erobogzm®o  dgdombgzgzol  sbogrobo  gbswymgl, Mma
56sYMmeoEo Mmoo 3gesbmEodmbBo bods®mzgemdo 083000 89dmbggzel FoMdmoyqbl,
09935 5B0MO 3330530 FoLO FoMOE0 A93ME39Xgds BMOoMbM3ZL LELsdsMmMEM-l5dgEoEobm
99b39mEOL OO gmMbo3MMo 9653bgBOL FoBLOFMMGMGIME  gomzoeolHobgdL. SEO30MGO
@M3oe0Bo3ool dgdmbgazgdo  860d3bgem3zs6  ©0sabmbBozM®  a50mf3935L  JObol, ©oyb
d9L5dems 93mIom F9g39LEIl MMAMOS G300 39baBOL 3905¢MTs b 5EMYMEI0 23500
33090 (3MBY), 3 30MHEI30M s0Lsbgds LogdudgMEHm olg3bol MdOgIEMHMdsbY. o3
30b39du@do  3M0G03Mwe  3B0d3bgErm3zsbos  30M3gwso  LsdgoEobm  m3IMAgbEszool
LEOYEYMGBOEGds, LOESE 05JPOLMB3] MBS sgoduoMEgl 396%Bg sOLYdIEo BydoldogMo
303396G MO0 @ods, Gobo BMTs S WMIoDsE0s, Goms F8amddo godmMoabrye 0dbsl
99b39mEOL dg3mIsdo 89g396s O 93000 93030M™ 3G 9330 FoDOZMEM doSEMBIBY.
LHmM9gE s30@MI, DM@ 965369DME TMbsE789d™ME 9B, 30LEMJodom®mo 33eg3s - 3gMHEloby
5 BobMb-gmbEBL  Mgodi30900 FoMOMoablL oRIMbE0sw Mo  ©osRbmLEO30L ,md®mls
UEOBIOEL, G 0d¢g3s 30896@0L dbgdOl BB 0IbEHOFOEFOMBOLS s 390MmEsR0YIO
39690 LodMEMM A53MMHOEL30L LETMoEIGdL.
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BLBHMIEO

d915535¢r0: 56sYMEoo Lsbol bs3Msgdol (Mbb) dJmbg 353096Ggd0L BMbJE0wm®-
ILmIEH03INH0 HJIBOOEGESE30s MBJDS gds-Labol JoMmEmaooLs s 3EILE0IMOO JoM MYl gMm-
JO® 5JGHMOE® s 3MIZgdu® 3O MdEIs©. JoMmyomwo BsMgzgool dsmowro Lobdo®ol
00v1b99350, 29609mMH9d00  3MM9J30900L LsFoMmmads (2obLo3MMOGBO0m BofodMgdols s
656B3b0 ©gBMOHT530900L 259M) 33es3 Foo0s. 8900M©YdO: 33¢935 BoGIM®S 72 3530963 DY (43
05860, 29 300gM0) M6IYME0e0 LIHOL BodMOEgdO (S1530 3 M30qsb 12 Hersdwy), MMBEgdos
©504m 6 3006036 XyM390. 359mggbgdme 0465 F03MMIOMEMY0GmO, 00MBMEMa0MMO ©s
530BBI-M5EOIOIMH0  BAsGHWLOL  sbseroBol  Igmmgdo.  LEIGOLEGH03MMO  Bswobo
99 mes SPSS 28.0-000 (p<0.05). dg9agdo: 3M9m3gMogoer 39Mom©do mbb-ol ddmby
053039000  MOMBsHBMGBIOHO0bYGo B0 MEHM35B0L  Loghmm  dodGHgMomo  sdobdmEmqds
X 960O Mg 8538390056 FgsMgd0m 36083690 mzbs Tomogro ogm (4.5 £ 0.5 vs 2.5 + 0.5 [95% CI:
3.8-52 wvs 2.1-29], p<0.01). 306H®MO0M-3500MybOHo  F03OMBMOHOL  Y4z9wsbg  HdoMo
Po00mdsyqbeo  Staphylococcus  aureus oy (50.7% = 99000bg939900).  dgmGoo
H0bM390@Mm3@sbBozol xawxndo ©sxzoduo®mEs BEoMJLoIbEHWMO ©I330L IBoEoGo 89-5
ol (p<0.01) s IL-1B-ob mbol bsba®mdwogo dgbs@bmbgds. JotrmGyomwo Egdbozol
™3@030b5305d  Bofodmmgdol  Lobdo®g 18.7%-00m  8godo6s.  @oliggbs:  M95d00wo@s300l
95393 IOMdOL 365008369¢mgzs60 5050qds F9L5EgdE0S 0b03005Ho
0030Md0MEMaoHo  ©s  03996m-domdodormo  dmboGmMobaols s dgLsdsdolo
3OHMBOWSJ3H0 30 3319MbsEMmdOl 0bEgM3E00m 3530906¢)g00L dsMmzgsdo.

1553356dm  LoGyggdo:  Lobol  BadMmoo,  390m3olBogs,  M0bM3goEMm3Esli3o3s,
30360md0m396Mmbo, 303™306900, 65§0dMM0, o3MmBoE0byo.

@ 0

! © 2026 by the authors. Licensee Health Policy, Economics and Sociology. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license
(https://creativecommons.org/licenses/by/4.0/).
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93m3960MmgdMmo 30GHOMYOs: X IMbsdg ©. (2026). Msbsgmeowo bobol BsdMowgdols
d9mby 353000 ™s 369430IM-gbgEH03YOO 95000E 300l m3G0d0bs309:
3030MB0MEMY0MHo s  00bm-630MmILoIBEHMMO  35M0gBHMmIO0L  Hmeo  BafodMHgdol
3OMabmBoMmYds80.  ysbsgzol  Seaemodozs, 930038035 s beagoeaemegos, 10 (1). DOL
https://doi.org/10.52340/healthecosoc.2026.10.01.1.

Abstract

Introduction: Functional and aesthetic rehabilitation of patients with congenital facial clefts (CFCs)
remains one of the current and complex problems in maxillofacial surgery and plastic surgery. Despite the
high frequency of surgical interventions, the need for repeated corrections (especially due to scars and
residual deformities) is still high. Methods: The study was conducted on 72 patients (43 males, 29 females)
with congenital facial clefts (age 3 months to 12 years), who were divided into 6 clinical groups.
Microbiological, immunological and free radical status analysis methods were used. Statistical analysis was
performed with SPSS 28.0 (p<0.05). Results: In the preoperative period, the total bacterial contamination
of the oronasopharyngeal mucosa in children with TSN was significantly higher than in healthy children (4.5
+0.5vs2.5£0.5[95% CI: 3.8-5.2 vs 2.1-2.9], p<0.01). The most frequent representative of the opportunistic
microflora was Staphylococcus aureus (50.7% of cases). In the secondary rhinocheiloplasty group, a
deficiency of antioxidant defense was observed on day 5 (p<0.01) and a prolonged maintenance of IL-1f
levels. Optimization of the surgical technique resulted in an 18.7% reduction in the incidence of scars.
Conclusion: The effectiveness of rehabilitation can be significantly enhanced by integrating individual
microbiological and immunobiochemical monitoring, along with appropriate preventive treatment, into
patient management.

Keywords: facial cleft, cheiloplasty, rhinocheiloplasty, microbiocenosis, cytokines, scar,
lipofilling.

Recommended Citation: Jmukhadze D. (2025). Optimization of functional-aesthetic rehabilitation
of patients with congenital facial clefts: the role of microbiological and immuno-antioxidant parameters in
predicting scars. Health Policy, Economics and Sociology, 10(1).
https://doi.org/10.52340/healthecosoc.2026.10.01.1.

9glsgsgro

56sYmeoo Lobols bsdMagrgdo (mlb), 8o TJmEol Gwhobs s Lobol badMowgdo,
0530560l 439msBy  393MEIWIIMWO  MIBEIYMEOEro  sbMBseogdos.  ymzguhrroMo
Logomzggarmdo  s0bodbreo  dsmmenmyool  bLobdomg  899dozs0  0BsmBMBbIOL  Ladwgsenm
056396909l (©osbermgdoo 1:750-1:1000 3emabser ©odsgdwbg) (Chincharadze et al., 2017),
beagom dogero Abmxyeoml dsld@Eesdom o8 85B39690¢0l Bo@gdol ¢gbwgbos ©sdm3nadE0s
96535 BgM9BHMgbo gogEHmMgdol Bgdmddggdol BMs®g (Murray JC et al, 2011; Smith A et
al, 2023).

®56oYmoo  bobol  BadMmogrgdom 9935V 353096GHO0L  33w9MHbIEIMDdY
06535¢093530560, bobaMdarogo 3GmEqlios, HMIgeog dmombmgl JoMweagdol, mOHMMEM™bEHdOL,
mGMOO06MWsMH0bYME™agd0Ls s bbgs B3gEoseolEgdol 30mMobomgdwyen ddsmdsl (Egan &
Antoine, 2008; Gkantidis et al, 2013). 93-9M65¢2md0b LodMErMmeM Fobsbos 565 FbMEME sbsEMT0MHO
000 056mdOL 50Yqbs, 565390 Labol LEGMWYIEMHgdOL BMbJ30MMmo s Yy 03w bLodgEMmool
dohgz9, 053 390530939305 353096GHOL LMW M-BLOJMEMAOMMO  MHJSVOEOEGEIE00LMZOL
(Buccapuonos & Iladuposa, 2004; Chkadua et al, 2015).

JoOmdaommo  Ggdbozol dmdogo @sbgghol Towbgszs®, ®3gMogool  Jgdwamdo
23900 g0g00L, 3o FMMOL 3smMmErMmROMo 65§odmMgdolL (3039MHEGHMMBMEI0 ©S JILMOEYIOHO)
§o63mgddbol LobdoMyg Fowowo MRIDS. OGEHIMIGH™MEMMEo dMbs3EgBgd0m, M350 Bo@eMgdremo
35309063000l 85%-8¢0g LsFoMmmgdls gs60gm®mgdoom o3mMmgao®mgdger Botgzgdl 3bgzoMol s6gdo
3063900 M06m390eMm3wsli¢o3ol 990wy (Sykes et al, 1993; Kluba et al, 2015). 65{0odw96H9gd0l
36OH®abmHBoMHYds0 80dEobsMgMmds s omo 309396300 FoMmTMoqbl Mm3EH08oErwMHo LHdME MM

36943090 S JugEHO3YOHO T99a0L ForFg30L B0z HBMIMEDSL.
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35 MmA0)MH0 BofodMgdol 45630006905 3530060 os MHMPMOE JoHIMHRO0LICO
G®5390L LOOPILMID S JuMZ0EGdOL MJsdEHO0YMBLMB, 0LY FHOEMdOL 0bggd305LMb s
03996Mm©B0E0EOL BMbBY 306MBOM-3500MY6vIM0 BLMMOL 5gE03530obmsb (Martin & Leibovich,
2005; Penn et al, 2012). o>x99(3s, 80bs398900 9350930 30m39L9dd0 30 3MMBOMEI6MBOLS s
00160M0905@MOWo  MHJAs3o0ol Mol dgbobgd olb-ol 0dmby 893839080 oMo s
RM3096GH0s (Rogova et al, 2016; Smith et al, 2023).

330930l 305605 39boymeoEro gds-Lobols badmagrgdols ddmbyg 353096¢ s JormGyowmwo
95300@S300L  Mm3E000DsE0s  M935MH530wo  3MMm3gLJOOL  TJOOSGHMMMEIO  MHJYSEO0L
293¢0l sBseoBols s Mm3gMmsool 99damdo  AsMmMYEgdgdol 36Y39b3oolL  dgomeEgdol

0909989539000 Logmdzgeby.

330930l 53m3969d0:
e 30b603m-565@mIonmo  3s30L90MMadgdol GgRolgds BodMmaegdols bbgsslbgs
3500563 gd0l oMMmU.

e MOMbIBMBIMOBAJIMHO 5695¢0l WMOgsbo oMLoL FoMHMIOMELMY0HO
530L90MHdgO0L FlHogas.

o 5Bmgdomo 3OMEqLgdOL FgE0sGHMMMEIO MYAMsE00l (30@™30bMMo 3B Mmyowo
Q5 M30LYIROE-M3035¢ M0 BEsGHMLOo) Fgbogers 3060390 S FJMESEO
H0bm3goEm3@sliBozol 9999y,

e M93mbBLEHMIz0mo  Mm3gMo30gdoL  B9dbozmMo  3M0bBE03gdol  sbserobo o
abggfo.

3900MEMEMY05

331935 Bo@ oM 303093000 Lobgermdol ds383ms 3erobogzsdo 2015-2024 {ergddo. 33¢930
Bo@o®os 72 3530963 By (43 05960, 29 0¢090M0) 0560sgmEowo bsbolb bsdMewgdom, HMIgEms
3b530 3 30096 12 Hersdg FgMHygmds. 3er0bozmMo ©osabmBbgdol dobggom 3s3ogb@gdo
©504m 9990099 X3IBI0©: 39¢IBGH030 0DBMEoMgdmEo Bgs BBl BadMoro (14), mGIbGOZ0
0DME0Mgomwo GHMBol 653Gowo (9), Gvhol, sw3zgmewwmo InMBOL s Lslol (3owdbmoz0
B53M5¢0 (16), mGHIHG0Z0 BsdMoero (13), 0M0d0 s 256030 B30 gd0 (2), s 3MBEHM3GMGOIEXIO
©9BMOHI>30900 (19).

30bozey0 33¢7g3980

353096GH™Ms  3wobozdo  Fgxslgds IMOEI3S  EIBMMT30900L  3EOLOGO3ISEOSL 3.0
30L56MH0MbM30L (1988) IgMEMEMP00m, HMIGEoE 0M35¢olHobrdl Baws GBols s 3bgoMmol
LEAHOMIGHMOIOOL 33X gdgdoL Loddodgl. 3MYMIGMHS30 39M0MEAD BoGIMES 30MHOL VMM
LOHMEOo Lbs305 s BB J0d09bs.

5805500 330793980

00960M@MA0MM0 5 M9Z30LWIRIE-MOPOIOCIOHO 3OMEgLYdOL Tglolfegers® s330M39dS
Bodods 30 ds3d3%g (15 30MH3gwo@o  M0bm3gowmdwsbGozol 990gy ©s 15 dgmMoo
©930bbAONIB0Nwo Fa®g30b 89gy).

1.803650980¢m3029(90 33¢7935: 98BS MOMBIBMPIMH0bYGI M0 5MGoerol wmmfmgsbo
239MLOL LogHM 859BHJMOo sd0bdMgds (Ig CFU/mI) s 306H:Mmd00-3500m9696Mm0 ganm®ol
(Staphylococcus aureus, Klebsiella pneumoniae, Candida albicans) s®Ugdmds. dglfogaroe odbs
9358900l 39MLoLEHIPEGMWo  3mGIbEoswo  (sbGHOWOBME0TMMO, bEH00bEINGIHMbMwo @
96303003 gd96@ 950 59¢03MdS) s 3MIbMdIEMBdS sbEHOLY3EH03900LS s dod@gMH0MRBsgdOL
90056 m.

2.0830U2935¢7-(5000,35¢900 bHodeylo: 898oL@s 3ersBaol sbEH0MILOo@bEMMO s9GH0gzmds
©5 903303300l J9dowrmdobglizgbgos (Jar) msgolvBso  MeE035¢gdol  3MMmYdEool
d9L5535L9do (Ferris-Fenton-ols Hgod30590).
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3.60093069600 3G300m0: 3560LsBOZMS 3OM-3bmgdomo 0bBHgMEgo30b-15 ©s sbGO-
3bmgdomo 063 9MH90306-10 mbggdo Lolberols IMs@s s M3GMOE0YIO 5ol Em®fimzsbol
Bogbdo (09996mB9MHI6E Yo s6sc0BoL Jgomm@om).

JoOmMaomemo dgomogdo

JoOOH300 GHodBH03d IM03930 OHMYMOE 30039, 0y FgmMoE M93mbLEHMYI30ww
Bo69390L Bbgs GMPol, 3bgzo®mols s Lsbol Fms Bmbol IBM®MTs30900L sIMLIEb3MmIES.
®33H030Dgdo 0dbs 30LsMOMbM3Z0L ,03MmE930 bogargmol® dgom@o 3eEdbmogz0 BadMorols
QOOML, HMIYEoE d;moEsgL s3sGJOoMo boHg35MHBMZ5MOLYGdIMO 3560l BMsATI6EHOL sTm g9l
3H3060L BOMOL BMdosb bsfodm®mgdol sFodemdols 999300 gdws©. MmOmIBH0Z30 bs3Mowrgdol
OOML 459mggbgdme 0dbs FoErsMol BgmmEOL JMEOGOIZsE0s. MM 0MH0d0 ©s 456030
Bo3Mogdol 9gdmbggzsdo g98myqbgdmer odbs dgmmo, MH®IgEos 0035¢obfiobgdl dos Labol
Dmbol IRMMT530900L 306H:MB0M EIYMGBIL 3 BMbsE (GO, Wmys, MMOOES) S OEO J9b-
3996m3560 G0mEH®05¢9dMwo (BMEE0E0) b553EgmOol gowosy0Egdsl.

bosdobdozmo sbsemobo

LEHOGHOLEGH0ZMMO IMbs3g00 ©sddsgs SPSS 28.0-oc (IBM Corp., Armonk, NY, USA)
bodmoenm 36083600 mdgdoLs s BEMdOL  0bGHIMZegdoL  AOTMMZEom.  XAIRIOL  FmEOL
2406Ub353900L  JgLogzaligdems o8mygbgdmen 0gdbs t-@gbdo p<0.05 mbol 9609369 mgb9d0l
doLoe9g35.

8993900

1. 8036MDdoMEMa0MHO LoD

3BO0o 1. mOHMBsHBMBIO0BYGOMOHO 50950l J0ZMHMBOMELMA0IMHO 350039EHMIO0 MLB-0b
09mby 3530963 9dd0

olb-om|| xs60Gmgegdo P- 95% 6comdols
35638900 (n=72) (n=30) 3603369¢rmds 0b@gMzsemo
LogMoM B5JBHIMOEO i i
cosboBImtiods (g CFU/ml) 45+05 25+0.5 <0.01 [3.8-5.2] vs [2.1-2.9]
S. aureus-ols
sdiofhomBsgagbeads (6) 50.7 12.3 <0.001 [42.1-59.3] vs [4.7-20.0]
| K. pneumoniae yog639wgds (%) | 223 | 5.0 | <0.05 | 14.8-29.8] vs [0.9-9.1] |
| C albicans p>3oggegds %) | 153 |33 | <0.05 | [8.7-21.9] vs [0.0-7.9] |

©o©0bs,  MHMI  3MgM3gMszoe  39MHomdo  mLb-ob  dJmbg 853939030
mOHMBsDMBIM0BQ9 MO0 WME(MZ560L Boghomm 35dEgMomo sd0bdMgds (Ig CFU/m)
X 96N 85393900056 9900000 I60T369cM36500 Fooo 0gm, 3Bl 3MMNMGO00 B YBoLS
5 Bsbob Ba3MogdolL dJmby xando (4.5 + 0.5 vs 2.5 + 0.5, p<0.01).

306HMI0M-350MQ969MH0 J03OMBEMOOL y439wsbg bdoMo Fo@mdmdsygbargdo 0gzbgb
Staphylococcus aureus ((gGmbRgOO BEASBow™3M30), Klebsiella pneumoniae > Candida albicans.
0dOmbRgMo  BLAHIBROWM3IM3IOL  35JGIO0MDsBHMYdMdOL  3Mm396G Mo dsB396909w0
95050 0gm (50.7% d90mbgz9390d0).

396LoLGHIBGHWMWO  BoJBHMMGOOL bs0BTs 5B396s, MM LEIBROEM3M3OL  FEsdgdo,
6OHmIwgdog aodmogm 1 {ersdg s 3 Hganbg Madmbo sbszol 1538390300, 53wgbwbgb domoen
900M5QMOSL 5M513930R032IM0 (3301 BOJBMMYOOLS (35y. SBEGHOWODM303MMO 59E03Mds)
5 06@9OR9O™boL dodsGro.
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36¢000360Mmdwo IMIBMIGEMOOL BHLEG0M9dsT 583965, BMA 0.05% Jarm®m3gdloobols
095blboto  gooBbs  yz9wsBg  Bomoo  9BgJGHMOMdS  (100%), boerm  BsG®omdols
303mgwmmo@ol bubsMo bs3wgds© 9B9JGHMO0 0ym, 353658 Bs3egdo oldombwmemo dggyo
3Jmbs. 359dBH9M0MmzoagdL Mo, LYJuEIROYFO 9BIJAHMOO oym S. aureus 9Esdgdol 41.2%-0l
@0BoLOLIMZ0L, Mo 30MOMYOL dob 0BELOZ0YI>IM 45dMY)bgdsDY.

2. 039BmEMma0MHo ©5 0530LVIBIM-MI03ZIWMO BEASGHNMBO

gbMoo 2. 303H™306996M0 3HMBOO ©s 9bEGH0MJLOIBEHWMO LEBGMLO 30M39OPO ©
096500 M0bM3goEm3@slido3ol 99009y

99m®5©0
3063950 p- 95% Bmdols
356389060 3965305 (n=15) (ngf)f g)m 3603369¢@mds || 06GHgM3smo

) [78.9-91.5] vs
IL-1B combyg (pg/mL) 85.2+7.3 142.6 +12.1 <0.01 [132.3-152.9]

) [41.5-48.7] vs
IL-10 comby (pg/mL) 45.1+4.2 32.7+3.8 <0.05 [29.3-36.1]
J900dobgliggbios [50.8-57.8] vs

(B3. 96mo) 543 +4.1 62.7+5.2 <0.01 [58.5-66.9]
3b6@0mJLoBEHMOO [79.7-85.1] vs
5dy0geds (%) 82.4+3.2 613+28 <0.01 (58.9-63.7]

3553030 1. IL-1B-0l 0653035 306039¢0s@0 s G9mMm50 M0bM3gowrm3wslidozol 9989y
[26953030L s©fgMs: IL-1B-0L mbg dgmMs@o M3geogool Xando 350seos s brmdswoBgds
dbmemE 9g-10 b, 35906 MHmEs 30M39wso Botgzol 9909y bm®mToeoBsgos 09-5 gl
doo@fgmes]

| 3038030 1IL-1B-0b obsBogs 3nfggman s 3gmMamo Mabmdgommdmabdogol 'agaqgga

Multiple Line Mean of IL-1B 3mbgab@fsgos (pgimL) by ofm(owgqdo) by m3s@sgont $oda

®m39Gsp0nl Gndn

30.00 p— 11Tt LB ol
foBm3gammdmib@ngs

— 0 T2 5000
fAnbmdgnmmdmabi@ogs

20.00

10.00

Mean IL-1B 3mBqb@@mogos (pgimL)

0.00

|
|
B
i
B
0

0.00 1.00 3.00 5.00 10.00

©ofe(oegydn)
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30583030 2. 5630mJLo@IBEHMM0 59FH03MdOL (355) OBsB03ZS 039O S FJMMSEO
H0bM390EMm3@sbBozol 9999 [3G953030L S0fgMs: FgmMeo Mm3gMogool xamxdo 3esbdol
36E0MmJL0IBEHOO 59E03mds 3g-5 ELOLMZ0L bMMIsBY B 939dmes (p<0.01)]

“afagogo 2. 3emsBdobk sbFnmdboEsbdummn sd@ogmdal (355) obsBngzs

Multiple Line Mean of 255-1 combg (%) by fm(maoggde) by m3gfsgoat $odo

m3gfspool Godo
—T. 11T LR L
fAnbeodgnmmndmmib@ngs
— DS D0O

60.00 foBm3gamemdmib@ngs
s ~ ~——
v
w
£
:’8( 40.00
A
]
"
c
o
7]
=

2000

0.00

0.00 1.00 3.00 500 10.00
efe(eeggdo)

™396Mo300L 99003 s 39MomEdo  50obodbs  wgozmio@gdol
99803069 L396300L (Jar) 3603369Mm3z560 BOHs (54%-00 306390050, 62%-001 FGMEOOPOO
60bm3g0m3wslBozol 8999y), M3 809M0mMGOl 0630LYIBIO MO0 OOL IE0Ye
2399mymRns%by.

35309649030 ©R0JLOMEs 3OHM-6MGdoMO 30GM3I0boL IL-112-0l dmdsEgdwo mby
FO5BLs O Mm3s®  Bosbgddo  3MgM39MOE0IMO®© (M3 9393006090 E0s  Foden
903630 OGZ0OMZoL0s0) s M3gMo300L Jgymd SO 39HOMEAI0. IJMOMIO
6H0b6m3g0M3olB030L XaMRdo 0bEgMHgo306-18-0b Embg brn®mdol BsMawgddo dbmwmo
99-10 @9l bMMT>e0BEOIOMPY, B5F0b MHMEs 306M39ws0 B30l F8gy bmMTswobsEos
99-5 9L dooMfgms.

3e5DIol 96GH0MJLOEIBGHMOO 5dBH03MdOL (355) TgRoBYGdSA odMogobs, MM 1-ero
ML, JoOHMMHRO0MO GHMo3dol Bodslmbm, 500bodbs (355)-0b BOEs (3I39bLSEGHMOMEO
099560%d0), 09930 99650 60bm3goEm3sliGozol X3MRdo 3e5Haols
3630mJLoIBbEHWMEMO 59BH03mds 39-5 OOLMZ0L bMEMTsBY dWS g3gdms (p<0,01), o
900090l 9BGHOMOEOIIWMMHO 330l BgMHI9EEJOOL  3mB3GBLLGMEOWMWO  To@gdol
3056MH0bMdsBY. g EOLBOWVBLO  (FOMOWO  MPBPOIOWGIOL  FOMOYYJ305  +  OOBIO
36&0mJLoIBGHMMO ©(335) FoBBYME0S ZoMEMAO0MHO B5fod MOl [otBmddbol goom-
960 BoJGHMMS.

3. JoGMaommo m3GHodoBbsgos

™33H000Dg0Mmo  JoOmdaomwo  Ggdbozs, dso  dmEol  "d3mEe30“  bsgargmol
9Mm©O0x035(30900 (35¢dBM030 65365900l MM (T3EHJBI0MO 3560 53M33900M) S OOOdO
LoboL 653650l GgoMPOL IBIMY3s, MBEOIMB3gEXYMBs FHOWMBOL 300JJd0L Moz30LwYBIE
3990Hmg0ol  495FIMBPPMWO  ©EOF0TMWMOOL  39M9Tg. gl 2oodY39BH0  s©0ImBbs
900653030 FmbsbfmMmdolbs s  FgbmeEgdol  3MMmEgLoL  Aoloydx mdYLGdES.
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B9BH03O0 8909900l AoLoIxmdGGds© 8 353096@Mb  Qodmygbgde  0dbs
03mx30wobyo  (BmEMEmdomo  EIBRMOTs30900L  3MHgd00Lm30L).  JoM GO
39460308 M3EH0dobsgos  BofiodmEgdol  LobdoMgl  18.7%-000 89583060 (30603950
396530900l 99809y 12.5% vs GH©o03E0Imo dgmm©qdol 999qy 31.2%).

o30S

BoGo®mgdmds 33e09358 O9@ILEHWIMS, BT 096EIYMEowwo Ydo-Lobols bs3Mowgdols
99mbg 353096G M M95000EE00L [oMds@gds 360d369wm3z560 9GO ©ITIMI0IOMIEO 5>
dbmEmE  JoOmeaomwo 39dbozol bosmolbbyg, 96599 03 d0MEMPOMMHO  BodEHmMmgdol
056003597, OMIYO03 33w gbsl sbgbgb FM0MdOL TgbmM (3930l boby®mdwog 3OMmEqlBY.

30360mdommmyaon®o  s13gd@o:  MOMBIBMGBIMOBYJoMEH  sGgoedo  dogdEgmoero
©5030639Mm900L oo ©Mbg s 30MHMO0M-3500MYIbMM0 BEMOOL (Foblsgmm®gdom S.
aureus-ob) 950owo 39OLOLEHIOGHMWO 3MEI6E0swo FoMdmMmogbl JOHmbozMwo sbmgdomo
36m3gbol dmdog §gommbl. 30MHoL WMMLs s 3300 TGOl 3m3Mbogszos B33MoWwgdols
©@OML Jabob gm0 J03OMBWMEOOL 5GLYIMOOL b loyMgar 30MHMBIOL, Mroi bgwls MHymadl
oLdOMDBOL 2563050935l (Rogova et al, 2016; Smith et al, 2023). LHimOgo gl Fomowo
9036w  IAHZ0M™MZS,  BO39MOMOM®, MOl  IOM-bmgdomo  30EM30bgd0L
(06¢96M90306-188) ImBs3gdeo 3mb39bGMsEool dobgbo fobolomdgMssome 3gHomdos
30. 590@™3, obdombBOL 3mMgd30s S F03MMBWMOOL 06030 MEmO Jmbo@memobyo
SM0EY0II05 3MBEGHM3IMHOEOIO oMM g00L 369396(300Lm30b.

09mbm-domgdodonmo sb3gdBo: 33¢g30L 9OHM-9Mmo Y3gesbg 3603369wm3zs60 oli3zbss
JBM30eqd0L MgoJGH0MEMOOL EOLBSWSBLO, oblsgMMMYd0m 9O M193MBLEM™MJE0MEo
3965309006 899®gy. M39M30IE0  GHEMO3dol Badslbm® MHZ30LMBIMO MO gdOL
d0g6M0 58mygma3s (Jar-ob 953Hgds) BODBOMWMYOM©O0s, MMBEs, 96GH0MILOIBEHWMO o330l
300396L5GHMMH0 BOHEOL ©93056M0LMB, M3 PIROJLOMPS 355-0b bMMT>BY IS OEJIIOM
99-5 gl FgMEvEo M0bM3gowm3moliBolzol xawxdo, Jdbol mdJbossomdo LEHMgLol
306390 (Vasiljeva et al, 1998; Chen et al, 2022). g ©oLBSEBLO bgwls ol be®ToermE
d9bmM 3905 5 BOHEOOL BOBIOIMIWOBEHIOOL 5JBH03MI, M3 SLMEOMPYds 3039MEMMTME
BofodM9dsbsb (Penn et al, 2012; Garcia et al, 2024). 0b39gMHwgo306-18-0b bsby®dwogo
396560BMbgds  Igmeroo  BsMg30L 909y ©i353HYd0m  JomOomgdl  sbmgdomo  Bsbols
39bbMmA03905Dg, o3 35mMEMA0MH0  Bofod Mol 4963000509008  dowowo  Moligol
05396909¢0s (Rubalsky, 2000; Inoyatov et al, 2012).

JoOmeaommo  GoJBolzs ©s  sboswo  Ggdbmmmaogdo:  JoMmGyomwo  G9dbozol
9mEO0x035309, MMIgEoa  003sMm0os 65390900l  boBol  olHzmog  sFodMemdol
90600359 999306M905DY, 930w gdgwos Bofiodmmgdol 36M9396300bm30L (Tessier, 1979;
Jamilian et al, 2017). "93m3530 box3egmol® m3GH0d0bgdmwo 3H9dbozol sbghazs s 0M0dO
653650l 508MLOIRHZMIWI© OO OMESEFOMWO 396-379b™m3560 boregmol godmygbgds
MBOHM639wYmRL Jom0bsd03zmE0 [rbolirm®mdols s0agbsl (Chkadua et al, 2015). go6©s
590bY, 03MmBoobyol 259MYygbgds, MMYMOE LEMYIBOWOFHIGOM 3MMAGMSToL ©sl3zbomo
93930, 360936936500 53X MdgLgdL gum9GH03M I9gab (Klinger et al, 2013; Conde-Green et
al, 2016; Simonacci et al, 2017). 59)GMEbodM356 GHOMIBL3WBESEHT0 sOLGdMo d9BgbJodwo
096OM3560 MXM9Id0, OMIWGdOE 39dmgmzzgb 0b6EIMHwg0306-10-b s BOEOL FodEHmMgdL
(HGF), 51939 939696 563H0530060mBbem 9539d@b, Mo3 0595@ 9300 bganl «fiymdl bsfoddgdol
699mOgoMgosL (Seo & Jung, 2016; Garcia et al, 2024).

3MsdBozmmo My3mdghssogdo: B3gbo dmbszgdgdo dommomgdl, Gmd mLb-ol ddmby
353096%)9030 95000300l 3MM(3gLoL Mm3GH0T0BOE0s FMOoMbM3L J03MHMIOMEMYOEOO
BAHOGMLOL,  03996M-56GH0MJLOIBEHMMO  3565F9BHMYdOL s  JoOHMPoMwo  BHgdbozol
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30339 BommMZoL. gl Joymds Mbs 0gml 06030 IMHO, 03MMIOMELMYOVIMO
9mb0oGM®m0byol s d0MmJodorMo 356539EMgd0l dglisdsdols.

33365

0560YM00o yds-Lobol Bo3Mmegdols 8Jmby 3530950 ©gsd0w0@S300L Fo0do@gds
3033gdue oMol dmombmgl, MmIgeos 59MHmM056gdL Mm3EH0TobdME JoMHMAOIE
39460355 @5 ©935653090  3OHMEILYIOOL  BOMEWMPOWME  MYYISEOSL.  353096@9dT0
2399m3wgboo WMmMM3560 oOLOL OLBOMDHBO O MJOMLRBIOHO LEBHOIBOWMIMIOL FoMOEO
3960LoLBHIPGMWo  3mBgbgoswo  FoMTMoEYIPL  bMgdomO  FoMNMgdgdIOLS O
35MMP0M0 b5HodMMGOOL MOL3I-BoJEGHMOU.

99MmM50 930bLGHOMI30Mwo 3965300 9990092 53304L0MYOMEO
36@0mJLOIBGHMMO 13301 WIROEOGHO O 3OM-560gdoMO MYod300L  FobobyMdwogzgds
93000090l 56GH0MmJLOIBEYMHO 195300l SO0 IBIMAZ0L 59(30GOMBSDY.

JoOmGyomwo  99gmmEadol  dMmE0R0353050, OHMIgwos FodsMmmIeos  Jumzowol
©53009wmdol  806080Bs305BY s  BoMmE0bsdozmEmo  FrbobieOmdol  s©0ygbsBY,
96003690 ™3650 295999x MO9S M990 ES300L 989JEMOMBS (65§0dMHgdol Lobdoy 18.7%-
00 899(306009).

3OMBOWSEH03MM0 JoBbom 0193396 9dME0s 3M1YM3GM30IO® Jerm®m3qdloobols
00)3mbsBHOL  2odmygbgds,  bmwm  3mLEM3gMs3oME  3gMomdo  BsGMomdol
303mdwmemo@ol  blbstols s 3m33egdumo  d5dGHIM0MBoRGO0L  BsGM3s  OLBOMDBOL
05300  SBOE0WGOWIE, 93MgM3]  9BBH0MJLO0IBEJIOL  (30BGHedob C, E) godmygbgds
35MMA0MH0 b5HodMMgOOL MolZoL dgbsdE0M9dSE.
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BLBHMIEO

d913535¢00: LogdoMMN3gmTdo LoygmeBsab™M3zMIdM 306HMdYdTo FomBmgdbowro LsdgoEobm ba@Bgbgdols
056035 LEBMYIMPIMO0Z30 X IBIOMYWMdOL  F60336qEMm3z96  4oTMzg3oL  FoMTmogbl.
30b0dbaro BsmBgbgdo 8go;393L 066394306 s JoTow® LogMmbggdl, bmerm dsmo FsGrmzol
09996093900  9MOLSZTIMOLOE MOl  JI630MGONYEo. 33¢g30L FoBsbo oym  Imbsbergmdol
36md0gMHOoLS S 30M5gEH0 3oL FgoLgds LaymasbMzMd® 30HMdYBTo Fo@dmddbogro Lsdgpoiobm
656BbgdOL B30l FodoMmEgdom.  IgOMEMEIMRNs: 330930 gdbbmdEogms
65mEgbmdMH030  TJOMPOM,  M30moEI0BOLEHMOMYdSO  LEHMIGMOOMIOMEO  JoMbZsMOL
300mygbgdom. 3393500  dmbsfoemgmds 124 OgbdmbgbBo.  dmbsigdms  Basewobo
396bmOE0gmwEs  3OMaMmsds SPSS 22.0-0b  g09mygbgdom. Tgogagdo: 33wg3s58 sB39bs, G™I
9L3MbYbEH™S YIM3wGLMdS LETgEOEObM BaMbIBL LogMcm FboE035¢ME Bogs3d0 s3egLgdL,
bogm  MbsgOobm  dggaMmggdol  bedmowgdgdl dbmermo  dgotg bsfowo  0g4gbgdl. sbggg
2300m3obs  ImLsbaErgmdols  @dswo  0bxgm®Iomgdemds  s0bodber  Ls3ombmb
©5393006980m. OL3ZML0s: LEJoMMNZI Mo LoymBsbmzMgdm LsdgoEobm BsMbgbgdol dsdmgs
36003b69m396  3OMdEgds  ®Bgds. Jowgdeo  dmboEgdgdo  s@IlGYMgdL  dmbsbangmdols
068mMH306501Mmdob S MBgL s FgLsdsdolo 0bBMLEMVIEMMOL bo3wgdMmdsL. Eslizzbs:
Logmazobmg®gdm LsdgoEobm bsmBgbadol dsmmgzs Lods®mzggermdo bsFoMmgdl  9539JGIG0
929530900L,  MLOgMMbm  Fgammgzgdol  LoLEgdgdols s  dmbsbagmdol  3bmdogmgdols
5050900l bgerdgfymodst.
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153356dm  Lo@yzgdo:  LsdgoEobm  Ba@bgbgdo;  Loymxogbmg®gdm  Ba®Bgbgdo;
LOBMYPIPMIIN 030 XIBIOMYEMDs; b3BIBIOOL FoGrmgs.

93m3960MmgdMmo  30GH0MYds: LmROMDsdg o. (2026). Loymzsabmz®gdm  30MMddd0
§o00mddboeo  1sdgoEobm  Bs®Bgbgdol Foermgs Lodo®mzgermdo. XsbEs330L  3MmEP0E039,
930603035 s LmEgomemyos, 10 (1). DOL: https://doi.org/10.52340/healthecosoc.2026.10.01.12

Abstract

Introduction: The management of household-generated medical waste in Georgia represents a
significant public health challenge. Such waste contains infectious and chemical hazards, while the
mechanisms for its management remain insufficiently developed. The aim of the study was to assess
public awareness and practices regarding the management of household medical waste. Methodology:
The study was conducted using a quantitative research method through a self-administered structured
questionnaire. A total of 124 respondents participated in the study. Data analysis was performed using
SPSS 22.0 statistical software. Results: The findings revealed that the majority of respondents dispose of
medical waste in general municipal waste, while only a small proportion use safe collection methods.
The study also identified a low level of public awareness regarding this issue. Discussion: Household
medical waste management remains a significant problem in Georgia. The obtained data confirm the
low level of public awareness and the lack of appropriate infrastructure for safe waste management.
Conclusion: Effective regulations, safe collection systems, and increased public awareness are essential
for improving household medical waste management in Georgia.
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Bo®Bgbgd0ol FoMmzs HoMmdmoagbl mobsdgmmgg LoBMYsMIIMN0Z30 KX 9boE30L ghm-ghm
36033b690m356 3HoMmMH0GHg@L. bsdgEOEEbm Ba®Bgbgdo, MHMIgwoms bsfowo §o®mdmogdbgds 56
dbmemE  LsdgoEobm  IHaLlYdMEgdGdTo,  9MsdgE  Loymxssbmzmadm  3oMHmdqddog,
230BLs3MmMGRMY  LEggOmbgl «9dabol HMaMOE  50s30sbms K IBIGMYEMBLL, olg  ASMgIML
930LobE 999088 (World Health Organization, 2017). Logmgosbmg®gdm 306009080 §omdmddbogro
L59O30bM BaMBIBgdO FmOo353L 49dmygbgdme 8900359963 goLYS s om0 8953w9m390L, 93M03EJ0L,
B9aLgodL, Ggbid-obzgol, mghmadmdg@®mgdls s bbgs bogmgdl, HmIwgdog dgbsderms 0bggdsom®o
60L3900L Jo@ogdgwo oyml (Windfeld & Brooks, 2015). 3500 sol{ieato gobmagligds Bbgsslbgos
0ol 8godwgds  gobgl  06839J30MM0  ©993500909d0L  293M(3gegdoLs @S AdMgIMUs
Q©500b6d1Mgdol 3609369cmz60 ysdm, Mo aoblegzmmMgdom (3539 3MHMIENGTss B0
bodmoenm  d90mbisgerols 8Jmbg  439969ddo, Looz Bo®Bgbgdol dsmm3oL  0bx®alid®m«yd@ Mo
305LMMEymaoos (Chartier et al., 2014).

Logomzggarmdo bsdgoEobm bsmBgbgdols dstmazs M9aEoMmEgds ,bsMbgbgdol dsMmgzol
3009dbom“ (2015) s LodoMmzgErml dmegzMmdoL Lb3zsalbgs AJHOEGBJB0m, BHMIEGdO3
230BLsBE3MOgL baMBIbIdOL JarslinggozsEosl, dgaMmagdols s asbswamMmgdol Holgdl. cwmdss, gu
693990530900 F0MO0MIES© gbgds BodgoEEbm sglgdEgdgddo Ho®mdmddbogn Bo®BybydL,
beeom boymazsgbmz®gdm mbgbg Fomdmgdmmo Lsdgoaobm Bs®mBgbgdols ds@mzol d3si0m©
Bo0mys¢0dgdeo d94960Bdo 363dE03wwo o6 sMLgdmdl (MoH Georgia, 2021).

39MI5(393Go bs®Bgbgdol bofoo (95y., 390sgoLveo 3900359963g00) BMOBormEs©
9939000905090 139305EE 9 M3905L sBM05J9dT0, MI3s FMLsbEIgMdOL MAMZEglmds Jom
Logma3o3bmz®gdm Bo@Mbgbgdmab gMmoE 50s3LYdL s B39 gdcmog Fsm0 FbmMogligds bagds
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bogma3o3bmz®gdm bo®mBgbmsb gMmo (NCDC, 2020). dsbto bogmgdo (d3Moggdo, 63dlgdo) o6
9939000905M90s (39039 89aM™m3gdslL, oL  sdmi  obobo bdo® Fgdmbggzsdo  bggds
01603035006 bogogLoyMgegddo, o3 BOEOL  MMAMME  A0Mgdml  sd0bdMMgdoL, olg
LSBMYIPMIIN 030 XSO NI MDOLMZOL LoggMmMboL MHoL3IL (Gamkrelidze et al., 2019).

3MbGHOHMol  m3olsbmolbom,  Lobgwdfomm  Bgsdbgozgermds  doMHOMII©
MM096GH0MJ0M0s  bsdgoEobm  ofgligdwgdgdbg ©s  oE3gbBoMGdME  Lyd0gIBHIOBY,
HMIGNG 930UM GOS0 35eBMENgds BaMhgbgdOL MLsgIMmMbM Tgamm3zgdols s sdwdsggdol
d9Lbgd. LagmzsEb™mzMIM EMbyHg 30 35UboLIRGO MBS 45EBFOEGOME0s TMbObEGMBSLS S
5QPOWMdM03 396030350003 IBHJODY, OMIWGdoE 96O BEMdID L3gEoB0INGO MILMELYRL b
LobEgdsb LodgoEobm ba@bgbgdol 3ow3g 3mbEmmeolmgol (UNDP, 2021).

9600369003560  yMMomgds  993505bg30mmm  olgm  Logombby,  H™amM0Ess
656 303m3bBsMgdgdol  dogh  gs0mygbgdemo  LsdgoEobm  bsMmBbdMb s 353806M9dMEo
3620 qdo. Lodo®mggarmdo 65630000bToMgds 86093693560 LsbBMASMIOM030
X 963OMgEMdOL 259mf30359, HMIEoE M TMEWME ©HTMI0IIMGdOL 3HMBEIGIL, 5H5T)©
06839930100 55350090900l 493MEJEgd0L MOLILYE M393d0MEYds. A5BLOIMMMPPom gl gbgds
0b9J3omo 6563303900l dmdbocmgdEqdlL, GMmigwoms dogh asdmygbgdvwo d3GoEgdo ©s
B9dlgdo bdoMo bzgds Loymzsgbmz®gdm Bo®MBgbgddo b LoxsMm LogMaggddo (3503900,
LOEIMBIBMGdO, JHMYdO).

2005 §¢cr0sb bogs®mnggemdo s9mddgs Bosbol G98300M900L 3MMYMTJO0, HMIWIdOS
8moEsgb 83GM0EgdoLs o bgdlbgdol 25330l bg®m3oLL  (NSP). 3Gma®msdol  gsawgddo
Bo63mIMmTHT>Mg0gdL  F9d0sm MLOBROMLMEO  FoosdIMMb  49dmyqbgdmeo F3M0Egd0  ©
doo0mb sboeo, LEHIMoHo o0bLEGMwIbEgdo (Curatio International Foundation, 2019). 50
LO30L9OL SHMOEF0JEGOIE 5OLIMOZOMDM MOYIBOBO309d0, opdwoms: Curatio International
Foundation (CIF) s> Alternative Georgia, 99003 936003538060L s 2emdsewMo g3mbool
b F M0 Bb30MmboMxd9gb. MBOEosMHo Fmbs3gdgdom, dmem {eradol 3563530 Mdsdo
Logotmzggarmdo ymz9ehierorMe@ smolmdom 330030 dMwbegds NSP 30ma®sdgdool dgdggmdoom,
099935 99Mhg30000 sxBIMZ0L 453 bsfogro 5063 bggds LagMmm ba®Bgbgddo (Gamkrelidze et al.,
2019).

Logma3o3b™mzMgdM 306:MdJdT0 LodgoEobm Ba®bgbgdol dsMmzgs AmeyEoml Lbgsolibgs
939469080 256Lb35390w9c0 FMEYEgdom bMM309wEads s 360d3bgEMm3zbs ITIM3ZNIdIEOs
939460L  93mbMT03MH  2ob30mMaMgdIBY,  LsdsOmMEgdMog  Bo®Bmgdls s dmbsbargmdols
36md0gMgdsBy.  39b3056M90M  J39y69080  (9360m35380M0, 53T,  39bss,  003mbos)
Logmazogbmg®gdm Lsdgogobm bo®Babadol dsmomgol 93s80m©  BoBmyseodgdwemo Lolidgds
3OLYdMBL.  Foa00ms©, 930-00 IM35¢0  FBHOGO  0m35¢olfobgdl  L3gsoswry® ,drop-off
396G®IOL 96 BMISEI3GIC  3OMAGMITJOL, Losg  8mdogrsdqadl  99mdwr0sm  asdMYBM™b
350053990 39000359963 900 s d5LM0 bogmagdo (U.S. Food and Drug Administration [FDA], 2020).

936003538060 J39969ddo dmddggdl gogsmmmadmero dFsMdmgdeol 3sLwbolidygdermdols
36obzodo (Extended Producer Respomnsibility — EPR), ®mdol dobgogomss Bs03s393@reo
3003560900 s 98305900 39 JOBO 9M0E MBEOMBZgEymb 890035996300l botBgbgdols
MBogO®mbm  99Mmm390s 5  2osdndsgqds (European Environment Agency [EEA], 2019).
2396300569850  §399690d0  Logmazozbmz@gdm  bsdgoaobm  Ba@Bgbgdols Fommzgs bs3wrgds
LEAHOYIGHMOOMIOME0s. 0bEMIMLy s SFMOIL  TMSZse  J394sbsdo  BddsLGO  Bogmgdo s
350053990 39000359963 g00 bdo®ma bgwgds 3mboE035¢n® 6sasgLeydgargddo, Mol 89993
0DMH©0s 068399309M0  ©93500gOJOOL  A93M(3gEgdOLS S FoMgIML BB GBOL Mol
(Patwary et al., 2011). WHO-b 9mbs3909000, 005¢00 5 Lsdwgsenm dgdmbiagarols djmbg 4399bgddo
1539030bm  bsMhgbgdol  40%-0g  MSLHMMIE©  0TsOMds, M3  Jobol  3bodzbgerm3zsb
LSBMYIEMGIN0Z LagMmbal (WHO, 2017).
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339300 BoM9d30 54309090 s 860d369wm3560 0gm d9398359d0bs vy Modgbo
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Abstract

Background: In recent years, the concept of sustainability has become central to global health
discourse, yet its meaning within medical academia remains fragmented and variably defined. While
sustainability originated as an ecological and economic principle, its integration into medicine reflects a
shift from healing individual patients to maintaining the resilience of health systems, communities, and
ecosystems. Objectives: This study investigates how sustainability is conceptualised and articulated in
medical academic literature, identifying its main thematic domains, disciplinary intersections, and
conceptual gaps. Methods: A bibliometric and semantic analysis was conducted on 7,161 PubMed-
indexed articles published between 2015 and 2025 containing the terms “sustainability” or “sustainable”
in titles or abstracts. Using VOSviewer, 16,348 unique terms were mapped to identify co-occurrence
clusters and emerging semantic trends. Results: Five major clusters were identified: (1) health policy and
governance; (2) implementation and organisational innovation; (3) social and demographic
determinants; (4) ecological and planetary sustainability; and (5) professional and behavioural
sustainability. The results reveal a transition from a narrow economic understanding of sustainability
toward an integrative paradigm connecting health equity, environmental responsibility, and
institutional resilience. Conclusions: Medicine redefines sustainability as an operational and ethical
framework linking clinical effectiveness, social justice, and ecological balance. This study highlights
conceptual fragmentation and underexplored dimensions—especially ecological and professional
sustainability—offering a foundation for interdisciplinary dialogue and evidence-informed policy
design.

Keywords: Bibliometric analysis, Health systems, Implementation science, Medical discourse,
Planetary health, Sustainability, Sustainable development, VOSviewer.
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1. Introduction

1.1. The global context of sustainability

Since the publication of the Brundtland Report — “Our Common Future” (W orld Commission on
Environment and Development, 1987), the concept of sustainability has become a global paradigm that
is reshaping science, politics and social ethics. In the classic sense of the aforementioned report,
sustainability refers to “development that meets the needs of the present without compromising the
ability of future generations to meet their own needs”. Subsequently, through works such as "7The Limits
to Growth” (Meadows et al., 1972) and "Doughnut Fconomics” (Raworth, 2018), the idea crystallised
that sustainability is not just an ecological concept, but a principle of balance between natural, economic
and social systems.
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With the launch of The Sustainable Development Goals (SDGs) by the United Nations in 2015,
the health dimension became central, “Goal 3 — Ensure healthy lives and promote well-being for all at
all ages” and explicitly links health to sustainability. This association has generated a transformation of

the medical paradigm, causing health systems to become not only efficient but also sustainable (World
Health Organisation, 2022; World Bank, 2023).

1.2. From public health to planetary health

Over the past two decades, the concepts of “global health”, “planetary health” and “One Health”
have redefined the boundaries of medicine (Whitmee et al., 2015). These paradigms recognise the
interdependence between human, animal and environmental health, which has led to the expansion of
medicine’s responsibility beyond the biological boundaries of the body to complex ecological, economic
and social systems (Shomaker et al., 2013; Horton et al., 2014).

In this context, sustainability becomes an epistemological dimension of health, not just an
administrative goal. It involves, simultaneously: (1) protecting natural resources (ecological
sustainability), (2) strengthening institutions (institutional sustainability), (3) ensuring equity and social
justice (social sustainability), and (4) maintaining the competence and motivation of medical staff
(professional sustainability). This integrative vision, often referred to as “health in all policies”,
reconfigures the role of medicine as a discipline of interdependencies (Kickbusch & Gleicher, 2011).

1.3. Sustainability in academic medicine: an emerging paradigm

Although medicine has long been concerned with efficiency, safety and quality, it has only
recently begun to treat sustainability as a research topic in its own right. The term appears increasingly
often in articles on the implementation of medical interventions (“implementation science”,
“programme continuation”), health system governance (“resilience”, “health system strengthening”), the
ecological impact of hospitals (“green healthcare”, “carbon footprint”) and sustainable professional
training (“sustainable medical education”). This process indicates the institutionalisation of
sustainability in medical discourse, a conceptual shift from “healing” to “maintaining health over time”.

However, the literature is heterogeneous and fragmented; the term is used with different
meanings (financial, social, ecological, organisational), without a unified framework (Moore et al., 2017;
Scheirer & Dearing, 2011). Therefore, a systematic analysis is needed to clarify how sustainability is
understood and used in academic medicine, how it compares to other fields (environment, economics,
sociology) and how its scientific language evolves over time.

1.4. Justification of the study and contribution of the research

This research stems from the belief that scientific language is a mirror of epistemological
transformations. The bibliometric and semantic analysis of PubMed literature (2015-2025) provides an
insight into how medicine conceptualises sustainability, not only what it says about it, but how it says
it, in what terms, in what contexts and how it has evolved over time.

The relevance of this analysis is threefold: (1) theoretical (it clarifies the multiple meanings of
medical sustainability and their relationship with other scientific paradigms), (2) methodological (it uses
bibliometric tools — VOSviewer — to map interdisciplinary discourse) and (3) practical (it provides useful
information for health system governance, medical education and the formulation of sustainable public
policies). At a time when medicine is challenged by climate crises, pandemics and economic pressures,
understanding the discourse on sustainability becomes not just an academic exercise, but a strategic
imperative.

1.5. Study objectives

The article aims to:
(1) to map the academic discourse on sustainability in contemporary medicine (2015-2025);
(2) to identify the main semantic clusters and paradigms of meaning;
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(3) to compare the medical conceptualisation of sustainability with approaches in other fields
(ecology, economics, sociology);

(4) highlight gaps and future directions for research.

In this way, the study contributes to the development of an integrative vision of sustainability in
health, connecting medical science with global social and ecological responsibility.

1.6. Theoretical framework: the concept of sustainability in health sciences

Dimensions of sustainability in health. Recent literature (Moore et al., 2017; Scheirer & Dearing,
2011; World Bank, 2023) identifies four main dimensions of sustainability in health sciences.

Financial sustainability refers to the ability of health systems to ensure continuity of services
without excessive dependence on temporary or external funding. This involves cost-effective policies,
investments in prevention and innovation, and crisis-adaptable financing models (World Bank, 2023;
World Bank, 2021). In public policy literature, the term is often synonymous with “viability” or “health
system endurance” (Kruk et al., 2015).

Institutional sustainability describes the capacity of health organisations to maintain performance
and adaptability over time, in the context of socio-technological changes. It includes dimensions such
as leadership, organisational culture, knowledge transfer and staff retention. In implementation science
research, this form of sustainability is associated with “programme continuation”, i.e. maintaining
interventions after funding has ended (Shelton et al.,, 2018; Wiltsey Stirman et al., 2012).

Environmental sustainability is an emerging dimension, defined as reducing the carbon footprint
and environmental impact of medical practices (Karliner & Slotterback, 2019; Whitmee et al., 2015).
Healthcare systems are responsible for approximately 5% of global CO: emissions, and green healthcare
is becoming a strategic priority in high-income countries (Lenzen et al., 2020). This dimension extends
medicine beyond patient ethics to a planetary ethic of care.

Professional and human sustainability refers to the ability of healthcare professionals to work
effectively, ethically and empathetically in the long term, without moral or physical exhaustion (West
& Shanafelt, 2007). This form of sustainability includes factors such as motivation, work-life balance,
continuing education and the psychological health of medical staff. This often-neglected dimension is
essential to the functioning of systems; there are no sustainable institutions without sustainable
professionals.

Sustainability as an epistemological paradigm must be taken into account. Beyond its operational
dimensions, sustainability is becoming an epistemological framework that redefines how medicine
conceives knowledge, responsibility and progress. In a world characterised by systemic
interdependencies (health, climate, technology), medicine can no longer function as an isolated
discipline. The concept of “planetary health” (Whitmee et al., 2015) proposes a “trans-systemic”
epistemology, i.e. a vision that integrates biology, economics, ecology and culture into a single cognitive
ecosystem. This paradigm involves: (1) moving from clinical reductionism to systems thinking, (2)
moving from individual healing to collective and ecological care, and (3) migrating from efficiency to
continuity as a fundamental value. Therefore, sustainability is no longer just a goal of medicine, but a
principle for organising medical knowledge (Horton & Lo, 2015).

Interdisciplinary integration and conceptual challenges are becoming a natural path. However,
despite semantic expansion, fragmentation of discourse persists. Medicine, economics, sociology and
ecology use the term “sustainability” with partially different meanings: ecologists emphasise
conservation, economists emphasise efficiency, sociologists emphasise cohesion, and doctors emphasise
resilience and continuity. This terminological divergence leads to epistemic incommensurability
(Funtowicz & Ravetz, 1993). Therefore, interdisciplinary knowledge transfer must be accompanied by
conceptual translation, not just formal collaboration. Bibliometric and network analyses (such as the
present one) contribute to this translation by identifying points of convergence and discontinuity
between scientific languages.
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Sustainability in health sciences is an umbrella concept that is multidimensional and evolving. It
combines: (1) economic functionality (maintaining financial resources), (2) institutional resilience
(ability to adapt and learn), (3) ecological responsibility (reducing environmental impact), and (4)
human and ethical continuity (professional well-being and social equity). Thus, sustainable medicine is
not only an applied field, but also a new way of thinking about the relationship between life, resources
and knowledge, an epistemological model for the sciences of the future.

Methodology

Data sources. The search was conducted in PubMed, using the query formula:

(“sustainability”[ Title/Abstract] OR “sustainable”[Title/Abstract]) AND (“health”[Title/Abstract]
OR “healthcare”[Title/Abstract] OR “health systems”[Title/Abstract]) AND (“2015”[Date - Publication]:
“2025”[Date - Publication]) AND (English[Language]). The result was a set of 7,161 articles published
between January 2015 and October 2025.

Data processing. The metadata (title, abstract, MeSH keywords) were exported in .txt format and
analysed with VOSviewer 1.6.20. A total of 16,348 unique terms were identified; the inclusion threshold
was set at a minimum of 5 occurrences. Of these, 1,872 terms met the criterion, and 243 had more than
40 occurrences. A co-occurrence map was created at a threshold of 5 (Figure 1) and one at a threshold
of 40 (Figure 2) in order to assess which elements are fundamental, already well structured, and which
are emerging or peripheral. The second map was also analysed from the perspective of density (Figure
3).

e oS viewer

Figure 1: Co-occurrnece map (threshold of 5)
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Figure 2: Co-occurrnece map (threshold of 40)

Figure 3: Bibliometric map at co-occurrence threshold of 40 - term density representation

Network analysis. The term co-occurrence analysis method was used, with association strength
normalisation. The resulting networks were automatically coloured by the VOSviewer algorithm, and
interpretation was based on density and semantic proximity.
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Results

Bibliometric analysis

General structure. The centre of the network (analysing the high-density map, at a threshold of
5) is dominated by the terms “humans”, “public health” and “health policy”, suggesting the
anthropocentric orientation of medical research. Five major clusters define the structure of the
discourse; these will be analysed in turn.

Cluster 1 — Governance and health policies (red). The main terms are “public health”, “global
health”, “health systems”, “health equity”, “universal health coverage”, “pandemics”, “COVID-19”,
“developing countries”. This group reflects the macro-systemic dimension of sustainability: global health
governance, equity of access, systemic resilience, and the integration of Sustainable Development Goals
(SDGs). After 2020, the emergence of the terms “COVID-19” and “pandemics” suggests a reconfiguration
of the discourse around the idea of sustainability as adaptability.

Cluster 2 — Implementation and organisational innovation (green). This contains terms such as:
“implementation science”, “quality improvement”, “leadership”, “organisational change”, “guideline
adherence”, “programme development”. Here, sustainability is conceptualised as the durability of
interventions. Recent literature addresses sustainability as a phase of the implementation cycle, where
the focus is on maintaining impact and organisational adaptability (Moore et al., 2017; Scheirer &
Dearing, 2011).

Cluster 3 — Social and demographic determinants (blue). This cluster includes terms such as:
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“maternal health”, “infant, newborn”, “community participation”, “primary health care”, “adolescent”,
“female”, “equity”. The cluster highlights the link between sustainability and social equity, emphasising
the continuity of public health programmes and community participation. It is the “human” dimension
of sustainability, focused on universal access and the inclusion of vulnerable groups.

Cluster 4 — Ecological and planetary sustainability (purple). The main terms are “climate change”,
“carbon footprint”, “environmental pollution”, “waste management”, “planetary health”, “one health”.
This group illustrates the emergence of a health ecology, where sustainability takes on an interspecific
and interdependent meaning. The associated terms indicate a focus on reducing the carbon footprint
and integrating environmental ethics into health policies (World Health Organisation, 2020; World
Health Organisation, 2022).

Cluster 5 — Behavioural and professional sustainability (yellow). In this cluster, we find terms
such as: “attitude of health personnel”, “motivation”, “leadership”, “workforce”, “qualitative research”.
This lexical area expresses the micro-organisational dimension of sustainability, where the focus is on
human resources, institutional culture and the motivation of medical staff. The discourse becomes one

of professional resilience.

Comparative analysis of co-occurrence maps (threshold 5 vs. threshold 40)

The two co-occurrence maps generated by VOSviewer illustrate two distinct levels of academic
medical language related to sustainability: one extensive and diverse (threshold 5), which captures the
interdisciplinary richness, and one filtered and concentrated (threshold 40), which reflects the dominant
cognitive core.

By contrast, the threshold 40 map reduces the vocabulary to 243 terms, concentrating the
discourse around the nodes “humans”, “public health”, “health policy”, “implementation”, and
“sustainability”. This semantic filtering reveals a hierarchy of meanings, in which institutional and
normative domains dominate, while ecological and reflexive ones become peripheral.

Change in the dominant type of sustainability. A comparison of the two thresholds shows a shift
from plural and dynamic sustainability (economic, social, ecological, professional) to institutionalised
sustainability, focused on politics, governance, and public health. Thus, the low threshold map expresses
an exploratory vision, while the high threshold map captures the stabilisation of medical discourse
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around the WHO-SDG3 framework. In epistemic terms, medicine is moving from “sustainability as an
interdisciplinary ideal” to “sustainability as a governance tool”.

Transformation of semantic centres. In threshold map 5, the nodes “implementation science”,
“climate change”, “planetary health” and “equity” are intensely connected but dispersed, suggesting the
coexistence of multiple paradigms. In threshold map 40, these concepts lose visibility, being replaced by
standardised terms (“health policy”, “public health”, “humans”), which show institutional maturation
and reduced conceptual diversity. This compression of language suggests that sustainability has become
part of the dominant discourse, but also that it risks losing the interdisciplinary complexity that gave it
its original meaning.

Interdisciplinary distribution. In the extended map, medicine appears as a pivotal discipline,
connecting terms from ecology (“climate change”), economics (“financing”) and social sciences
(“community engagement”, “equity”). In the restricted map, most terms come from the field of health
policy and systemic management. Thus, interdisciplinarity fades in favour of medical institutional
autonomy, in which sustainability is “medicalised”.

Epistemological significance. Comparing the two maps reveals a bidirectional movement of
meaning: semantic expansion (medical sustainability absorbs external languages, such as ecological,
economic or social) and institutional reduction (these languages are reconfigured to serve policy and
management functions). Thus, medicine becomes a space for epistemological translation, where global
concepts are reinterpreted in terms of continuity, resilience and efficiency.

Interpretative analysis of the density map (threshold 40). The overall configuration highlights the
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“hot” core of medical discourse, dominated by the terms: “humans”, “public health”, “health policy”,
“global health”, “implementation”, “sustainability”, “qualitative research” and “COVID-19”. The yellow
colour (intense) signifies the maximum density of co-occurrences, while the green and blue areas
indicate emerging or peripheral areas. The central core (health as an institutional system) is
characterised by the simultaneous presence of the terms “public health”, “health policy” and “health
systems”; this shows that sustainability is predominantly associated with institutional performance and
resilience. In fact, the term “sustainability” is placed between “policy” and “implementation”, suggesting
that medicine understands sustainability through instruments of action and governance, not as an
ecological principle. This confirms a managerial orientation; sustainability is seen as maintaining
functionality, not as reconfiguring the human-environment relationship. Areas of medium intensity
(global health and pandemics) contain terms such as “global health”, “COVID-19”, “pandemics”,
“resilience”, and “health equity” occupy the yellow-green transition zone. They reflect a post-2020 shift
in discourse towards systemic resilience, triggered by the experience of the pandemic. Sustainability
becomes synonymous with the ability to withstand shocks, leading towards a technical transformation
of the concept. Emerging areas (ethics, ecology and professional training) are represented in the
peripheral shades (blue-green) and terms such as “planetary health”, “ethics”, “environment”,
“curriculum”, “leadership”, and “carbon footprint” appear. Although they are in the minority, they
indicate new epistemological directions: (1) the greening of medicine (through the “planetary health”
approach), the humanisation of systems (through the integration of leadership and professional well-
being) and the moralisation of medical science (through ethics and social responsibility). This semantic
periphery suggests the future language of medical sustainability: the integration of the ethical and
planetary dimensions into health science.

Notable absences. The absence of terms such as “environmental justice”, “green hospital”, “life-
cycle assessment” or “waste management” is noteworthy, confirming the underdevelopment of the
concrete ecological dimension. Although medicine takes up the discourse on the planet and the
environment, it remains declarative, not operational.

Epistemological implications. Analysed together, the co-occurrence maps (thresholds 5 and 40)
and the density map outline an evolutionary narrative of medical sustainability between 2015 and 2025,
as can be seen in Table 1.
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Period Dominant Key terms Epistemological meaning
paradigm
2015-2018 | Institutional “policy”, “financing”, | Sustainability as economic
“system” efficiency and continuity
2019-2021 | Resilience and | “COVID-19”, Sustainability in terms of
adaptation “resilience”, “global | crisis response capacity
health”
2022-2025 | Emerging “Planetary health”, | Sustainability as a balance
ethical- “leadership”, “ethics” | between humans, society and
ecological the environment

Table 1: The narrative evolution of sustainability in medicine (2015-2025)

These stages suggest an evolution from technocracy to reflexivity, i.e. from an operational concept
to a moral and planetary one.

The central tension is represented by the institutional vs. ecological relationship. The three maps
indicate a tension between two ways of understanding sustainability: institutional (based on continuity,
efficiency and control) vs. ecological (based on interdependence, ethics and responsibility). Current
medical discourse favours the former, but the lexical periphery shows an epistemological pressure
towards the latter. This can be interpreted as medicine’s transition towards a science of planetary
sustainability (“planetary health science”).

The role of medicine as an interdisciplinary interface. The maps confirm that medicine functions
as a discipline for translating concepts; it takes concepts from economics (“efficiency”), sociology
(“equity”) and ecology (“resilience”, “planetary health”) and integrates them into an applied language.
Through this function, medicine becomes an epistemic laboratory of sustainability, where abstract
theories are transformed into institutional practices.

Overall, the comparative and interpretative analysis of the VOSviewer maps shows that the
discourse on sustainability in academic medicine is shifting from a language of efficiency to a language
of balance. Medical sustainability is no longer just a condition of systems, but becomes a form of reflexive
knowledge that unites the biological, social and planetary dimensions of health. In symbolic terms, the
shift from the polycentric map (threshold 5) to the monocentric map (threshold 40) and to the density
of “humans” marks the transition of medicine from technocracy to humanity, from treatment to the
maintenance of life as a complex phenomenon. This is the epistemological contribution of sustainability,
the transformation of medicine from the science of healing to the science of continuity of existence.

Research gaps identified in the discourse on medical sustainability

Conceptual gap - the absence of a unified theoretical framework. Although the term
“sustainability” is ubiquitous in medical literature, there is no commonly accepted operational
definition. The term is used polysemantic, from “financial sustainability” to “planetary sustainability”,
without conceptual clarity. Only a few papers (e.g. Moore et al., 2017) propose coherent conceptual
frameworks. There is a lack of integrative models linking clinical, institutional, social and ecological
sustainability into a single reference system. As a result, there is a lack of comparability between studies
and the impossibility of formulating universal indicators for “sustainability in health”.

Methodological gap — limitation of measurement tools. Most studies identify sustainability
through indirect proxies (programme continuity, costs, staff satisfaction) rather than standardised
measurements. There is no consensus on methods for assessing the sustainability of medical
interventions. The absence of common “indices” and “scorecards” hinders the comparative assessment
of health policies. Life-cycle assessment and environmental impact methods (common in environmental
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sciences) are rarely applied in the medical field. As a result, it is difficult to quantify the real impact of
sustainability on population health or the environment.

Thematic gap - imbalance between economic, social and environmental dimensions. Lexical
analysis shows that medical literature is dominated by economic and institutional terms (“health
financing”, “policy”, “efficiency”), but underdeveloped in terms of the ecological and planetary
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dimensions (“carbon footprint”, “green hospitals”, “one health” only appear after 2019). Furthermore,
professional sustainability (“health of medical staff’, “burnout”, “motivation”) remains marginal, even
though it is an essential determinant of the resilience of health systems. Current medical discourse
prioritises efficiency and costs, but neglects institutional ecology and human well-being.

Geographical gap — the dominance of the global northern discourse. The PubMed analysis
highlights an overrepresentation of articles from high-income countries (USA, UK, Canada, Australia,
Netherlands). Low- and middle-income countries, where sustainability has a different meaning
(systemic survival, limited resources), are underrepresented. Associated terms such as “low-income
countries” or “developing regions” rarely appear as central nodes. Consequently, the global discourse on
medical sustainability is structured from the perspective of abundant resources, not vulnerable contexts,
and therefore risks imposing inappropriate universalist models.

Epistemological gap —the absence of dialogue between disciplinary paradigms. Although the term
“sustainability” is borrowed from ecology, medicine has not yet developed a common language with
other sciences. The concept of “planetary health” attempts a synthesis, but remains partially integrated.
Interdisciplinary collaborations (ecologists, economists, philosophers, anthropologists) are exceptional,
not the norm. There is a lack of epistemic transfer models, i.e. translations between methods of
measuring sustainability in ecology, economics and health. Medical discourse remains fragmented;
medicine “imports” concepts, but rarely “exports” them back to the source sciences.

Temporal gap - lack of longitudinal and historical analyses. Most studies analyse sustainability
over short periods (2-5 years). Few studies examine the long-term maintenance (10-20 years) of
programmes or the effects of interventions. There is a lack of historical series showing how the discourse
on sustainability evolves in response to crises (pandemics, climate change, conflicts). As a result, it is not
possible to assess the real dynamics of institutional learning and sustainable adaptation over time.

Educational and professional gap — lack of training in sustainability. Although the term appears
frequently in WHO policies and public health curricula, sustainability is not systematically integrated
into medical training. Medical education rarely addresses ecology, the circular economy or resource
ethics. There are no professional standards for “green clinical practice” or “sustainable decision-making”.
As a result, there is a disconnect between academic discourse and the reality of everyday medical
practice.

Translation gap in public policy. The link between sustainability research and health policy
implementation is still weak. Studies provide concepts and models, but there are no institutional
mechanisms for transfer to national policies. There is a lack of knowledge brokers and policy translation
frameworks to transform scientific results into sustainable regulations or clinical protocols.
Sustainability often remains a declarative term, without concrete instruments for implementation.

Future research directions. Based on these gaps, several strategic directions for the development
of the field can be proposed: (1) building an integrated conceptual framework of medical sustainability
that includes economic, social, environmental, and ethical dimensions, (2) developing standardised tools
(indices, scales, metrics) for measuring the sustainability of health interventions and systems, (3)
expanding research to low- and middle-income countries to diversify cultural and institutional
perspectives, (4) promoting longitudinal studies that investigate the evolution of sustainability over
time, (5) creating interdisciplinary consortia between public health, ecology, economics and applied
ethics, (6) integrating sustainability skills into medical training and the evaluation of health institutions,
and (7) developing science-policy translation mechanisms through centres of expertise or evidence-
informed policy units.
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The gap analysis highlights that, although the discourse on sustainability in academic medicine
has grown significantly in volume, its theoretical depth and interdisciplinary integration remain limited.
Medicine has taken up the concept of sustainability, but has not yet internalised it epistemologically.
Understanding these gaps is not a criticism, but a starting point for consolidating a science of authentic
medical sustainability, one that unites human health, social equity and responsibility towards the planet.

Discussions

Epistemological transition

The results indicate that between 2015 and 2025, the concept of “sustainability” underwent an
epistemological transition in academic medicine. Initially used in a financial and institutional sense, the
term has become a meta-analytical framework capable of integrating multiple dimensions: political,
social, ecological and ethical. We can observe a shift from economics to ethics. In public health
literature, “sustainability” no longer refers only to “maintaining funding”, but also to , “continuity of
social impact”, and “ecological responsibility”. Thus, academic medical discourse extends its moral
domain beyond the patient to the planet.

There is an implementation of “sustainability” as a methodological core; the presence of the terms
“implementation science”, “quality improvement”, and “programme continuation” indicates the
maturation of sustainability as an object of empirical research. A technical language of measurement
emerges: “sustainability indicators”, “scaling-up”, “fidelity”, “adaptation”. This professionalisation
transforms sustainability into an operational construct.

The integration of the ecological dimension is another transition; after 2019, the language
becomes greener. Terms such as “climate-resilient health systems”, “green hospitals” and “one health”
become frequent, showing a conceptual shift from economic sustainability to planetary sustainability.

The presence of terms such as “leadership”, “motivation”, and “attitude of health personnel”
suggests a reflective approach; sustainability depends not only on policies, but also on professional values
and behaviours. In this way, sustainability is integrated as a professional ethos. Academic medicine is
beginning to articulate a sustainable ethos based on continuity, care and collective responsibility.

Analysis of the semantic network of PubMed literature (2015-2025) reveals that sustainability
has become a polysemantic concept with five interconnected dimensions: (1) Political (sustainability as
institutional resilience), (2) Operational (sustainability of implementation), (3) Social (sustainability of
equity and access), (4) Ecological (planetary sustainability) and (5) Professional (sustainability of human
resources). Contemporary medical discourse treats sustainability not as an outcome, but as a
fundamental organisational and ethical principle that redefines the very notion of global health.

Differences in the approach to and conceptualisation of sustainability in academic
medicine compared to other scientific fields

The concept of sustainability is a cross-cutting one, present in multiple fields — from
environmental sciences and economics to sociology and public policy. However, analysis of medical
discourse in PubMed literature (2015-2025) highlights a distinct conceptualisation that transforms
sustainability from a normative ideal into an operational tool for governance and care.

The epistemological foundation translates into a normative versus operational area. In
environmental sciences, sustainability is defined predominantly in ecological and normative terms. The
Brundtland Report (World Commission on Environment and Development, 1987) defines it as
“development that meets the needs of the present without compromising the ability of future
generations to meet their own needs”. The emphasis is on growth limits and the conservation of natural
capital (Meadows et al., 1972). In economics, the approach is instrumental; sustainability means a
balance between investment, resources and long-term productivity (Pearce & Turner, 1989). In
sociology, the concept takes on an axiological and community-based meaning, referring to the resilience

48



of social structures and the maintenance of social capital (Bourdieu, 1986; Putnam, 1998). In contrast,
medicine develops a pragmatic and operational meaning; sustainability is defined by maintaining health
outcomes and the functioning of medical systems over time, under conditions of limited resources.
While other fields establish what should be sustainable, medicine investigates how health can be
maintained. This difference marks the transition from an epistemology of norms to one of action and
applicability.

The object of sustainability relates to the system versus the effect. In ecology, the object of
sustainability is the biosphere; in economics, the production system; in sociology, the social network. In
medicine, the object is the therapeutic effect, the intervention or the health system. Sustainability is
therefore linked to maintaining the effectiveness and continuity of medical services, not to the overall
stability of an ecosystem. This results-oriented pragmatism gives medicine a functional vocabulary:
“programme continuation”, “sustained effect”, “long-term implementation”, and “resilience” are terms
that are almost non-existent in classical economics or pure ecology.

The differences in temporality highlight the distinct orientation of medicine. In environmental
sciences, sustainability is thought of in terms of centuries, on a planetary scale. In economics, time is
cyclical (growth—crisis—recovery). In sociology, time is historical and cultural. In medicine, the horizon
is intermediate and programmatic, from funding cycles (3-5 years) to generational impact (10-20 years).
Therefore, in medical language, sustainability means maintaining functionality and efficiency within a
realistic time frame, not ecological permanence.

The ethical dimension ranges from ecocentrism to the ethics of care. In environmental sciences,
sustainability has an ecocentrism basis, focused on protecting nature as an intrinsic value (Leopold, 1949;
Naess, 1973). In economics, ethics is utilitarian, oriented towards maximising intergenerational benefits
(Solow, 1993). In sociology, sustainability has a relational component, based on cohesion and social
justice (Raworth, 2018). In medicine, however, sustainability becomes an extension of the ethics of care,
a responsibility towards patients, the community and professionals. This form of ethics is practical and
relational, aiming to maintain health without exhausting the human, moral and ecological resources of
the system (Tronto, 1993; Pellegrino & Thomasma, 1993).

Language and metrics capture sustainability as a measurable performance. While ecology uses
indicators such as “biodiversity index” or “carbon footprint”, economics operates with “growth rate” and
“resource efficiency”, and sociology with “social cohesion” and “equity index”, medicine introduces
operational performance indicators: “programme sustainability index”, “continuation rate”, “health
system resilience”, “patient outcome durability”. This technical language reflects an evaluative and
applied approach to sustainability. Instead of ideals, medicine generates measurement methods and audit
criteria.

We can observe a series of recent interdisciplinary convergences. After 2020, disciplinary
boundaries are becoming porous. The concept of “planetary health” (Whitmee et al., 2015) connects
human health with ecosystem stability, while “One Health” links human medicine, veterinary medicine
and ecology in an integrative model. Thus, medical discourse borrows elements from ecology and
sociology, but translates them into terms of implementation and action: green hospitals, decarbonisation
policies, climate resilience of health systems. Even in these syntheses, medicine retains its specificity: a
pragmatic and interventionist orientation, transforming sustainability into a set of institutional and
clinical strategies.

A comparative overview of how sustainability is operated in various sciences is presented in Table

2.
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Dimension Environmental Economics Sociology Medicine
sciences

Subject Biosphere, Economic system | Social structures | Health, health
ecosystems systems

Type of | Ecological Economic Cultural Pragmatic  and

rationality clinical

Purpose Conservation Efficiency Social cohesion Health continuity

Temporality Long Cyclical Historical Medium
(generational) (programmatic)

Level of analysis | Planetary National / global | Community Institutional and

human
Dominant ethics | Ecocentric Utilitarian Relational Care ethics

Compared to other sciences, medicine transforms sustainability from a moral ideal into an
operational practice. It combines scientific rationality, care ethics and evidence-based governance to
create a results-oriented model of sustainability: maintained health, resilient institutions, protected
professionals and reduced environmental impact. In this sense, sustainability in academic medicine is
less a promise and more a continuous exercise in balancing healing, resources, and responsibility.

Implications for policy and medical practice

The differences in the conceptualisation of sustainability between medicine and other sciences
offer not only a theoretical perspective but also practical guidelines for health governance, medical
education and interdisciplinary research. Medicine, by its applied nature, transforms concepts into
institutional mechanisms and professional behaviours, making sustainability a criterion for performance
and social responsibility.

Health governance is beginning to move from resilience to systemic sustainability. Health policies
must integrate sustainability not only as a financial or environmental objective, but as a dimension of
structural governance. The resilience of health systems should be measured by their ability to maintain
service continuity during crises (health, climate or economic). Sustainable financing requires not only
economic efficiency, but also intergenerational equity and environmental responsibility (World Bank,
2021). Health institutions can adopt principles of “adaptive governance”, in which strategic decisions
include analysis of social and environmental impact. Sustainability therefore becomes an indicator of
institutional performance, as important as avoidable mortality or universal access to services.

Medical education and training is moving towards a path defined by the cultivation of an ethic of
sustainable care. Medical education should include sustainability skills such as environmental literacy
(the impact of medical practices on the environment), resource ethics (the responsible use of
technologies and medicines) and professional resilience and burnout prevention. Fostering a 'culture of
sustainability' among healthcare professionals requires integrating the economic, ecological and moral
dimensions of clinical practice. As argued by Pellegrino and Thomasma(1993), medical virtue includes
not only competence but also continuity of care, a form of moral sustainability.

Evidence-based research and policies must include sustainability as an evaluation variable. In
medical research, sustainability must be treated as a cross-cutting evaluation dimension. In
implementation studies, the maintenance of intervention effects after funding has ended must be
analysed (Moore et al., 2017). In public health studies, ecological indicators (emissions, energy
consumption, medical waste) must be integrated into impact assessments. In global epidemiology,
research on the social determinants of sustainability (education, equity, community participation) can
guide inclusion policies. Thus, sustainability becomes an epistemic dimension, a criterion for scientific
validation, not just an ethical goal.
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Infrastructure and clinical practices will follow the transition to green systems. Hospitals and
medical centres can adopt an integrated model of “green healthcare” based on energy efficiency and
renewable sources, circular waste management, sustainable public procurement and digital technologies
to reduce transport and consumption. According to the World Health Organisation's (2019) and the
Global Green and Healthy Hospitals (GGHH) initiative, these measures reduce costs and improve the
quality of care. In addition, they align medicine with the ecological ethics of the 21st century, in which
human and planetary health are inseparable (Whitmee et al., 2015).

The implications for public policy result from an integrative paradigm approach. For
policymakers, the results of this analysis suggest that sustainability should be treated not as an additional
dimension, but as a cross-cutting axis of health policies. Public policies can be rethought on three
interdependent pillars: social sustainability (equitable access, community participation), institutional
sustainability (efficiency, resilience and adaptive innovation) and ecological sustainability (reducing the
carbon footprint and integrating planetary health). This integrative approach responds to the need for
“planetary governance for health” (Kickbusch & Gleicher, 2011), in which medicine becomes an active
player in the transition to global sustainability.

While environmental sciences and economics define sustainability as balance, medicine redefines
it as a dynamic process of care, adaptation and continuity. In a world subject to climatic, demographic
and technological pressures, medical sustainability is no longer just an ideal, but an imperative for ethical
and institutional survival. The future of public health depends on the ability of medical systems to
become resilient, equitable and environmentally responsible, that is, truly sustainable.

The relevance and value of interdisciplinary analysis of the discourse on
sustainability in academic medicine

The scientific importance of the analysis. The bibliometric and semantic analysis of the discourse
on sustainability in medical literature provides a conceptual map of the epistemological evolution of the
field. It is important because it clarifies how medicine adopts and transforms global concepts. Terms
such as “resilience”, “planetary health” or “implementation sustainability” come from other sciences
(ecology, management, sociology) and are “resemantized” (takes on another meaning, especially for
medicine) in medical language. The analysis shows how medicine is building its own lexicon of
sustainability, from ethical ideals to operational indicators. This approach connects the levels of
scientific discourse; VOSviewer maps allow the simultaneous visualisation of micro (clinical practices),
meso (institutions) and macro (global policies) discourse, offering an integrative perspective rarely found
in public health studies. At the same time, the analysis identifies emerging trends in medical knowledge.
The lexical growth of the terms “climate change”, “planetary health”, “equity” and “implementation
science” after 2019 indicates the emergence of a new paradigm of sustainable medicine, oriented towards
the interdependence between human, social and ecological health.

This analysis brings a series of innovative theoretical and methodological contributions; it
redefines sustainability as a medical phenomenon and proposes a meta-linguistic reading of
contemporary medicine. While most studies treat sustainability as a dimension of public policy, here it
is conceptualised as an internal process of medicine, affecting the way interventions, systems and
professional training are designed. Through lexical analysis and term clustering, the research reveals
how meaning is scientifically constructed, not just what is said about sustainability. Thus, the
contribution is not only empirical but also epistemological. Finally, this approach introduces an
interdisciplinary framework for interpretation. Combining perspectives from environmental science,
economics and care ethics, the study provides a model for understanding the interconnection of fields
in a common semantic space.

An area of practical and applied utility can also be outlined; the results can be used in several
directions. For health policy planners, the analysis provides an empirical basis for the design of
integrated policies that include the social, ecological and institutional dimensions of sustainability. For
example, the integration of “health system resilience” and “carbon neutrality” indicators into national
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performance assessments. For medical institutions, semantic maps can be used for strategic self-
assessment, identifying knowledge gaps (e.g. lack of ecological or equity approaches in local research).
For university and continuing education, the analysis can guide the development of transdisciplinary
curricula (e.g. “Health and Sustainability”, “Ethics and Green Transition in Medicine”).

For research, co-occurrence maps can guide new projects such as the development of standard
medical sustainability indicators, international comparative studies, and the assessment of the ecological
impact of health services.

Interdisciplinary knowledge transfer is proven by this method. The transfer of concepts between
disciplines is achieved through triple epistemic mechanisms. We have a terminological translation
(concepts born in other fields, such as “resilience” in ecology, “efficiency” in economics or “equity” in
sociology). Through this mechanism, a series of concepts are re-semanticised in medical language to
describe system phenomena, implementation or professional behaviour. For example, “resilience”
becomes “the ability of hospitals to maintain their functions during pandemics”. Methodological
transposition involves analytical tools (e.g., “systems thinking”, “scenario modelling”, “life-cycle
assessment”) that are adapted for the evaluation of medical programmes, creating new approaches such
as “implementation sustainability models”. The normative trans-disciplinarity of ecological and social
values (responsibility, equity, intergenerational justice) is achieved through integration into medical
ethics and health governance. Thus, medicine becomes not only a beneficiary but also a generator of
sustainable knowledge.

These transfer processes generate a common language of sustainability, an epistemic space in
which doctors, economists, sociologists and ecologists can collaborate without losing their disciplinary
specificity.

The impact on the future of medicine can be significant. Such an analysis provides medicine with
a reflexive framework; it allows professionals and institutions to see how they think about the future
and how they build their global responsibility. Sustainability becomes, in this sense, a form of
anticipatory knowledge, a science of duration, balance and continuous care. By understanding its own
language, medicine can consolidate its central role in planetary health governance.

The importance of such an analysis lies in its ability to map contemporary medical discourse,
reveal the internal logic of the evolution of concepts, and connect medicine with other areas of
sustainable knowledge. In a world marked by health, climate and ethical crises, understanding how
medicine talks about sustainability is the first step towards transforming this talk into systemic action.
The essential contribution is precisely the transformation of language into an instrument of change.

Conclusions

The bibliometric and semantic analysis of medical literature on sustainability (2015-2025) shows
that academic medicine has become a central player in redefining this global concept, transforming it
from an ethical-ecological ideal into an operational framework for health practice and governance.

The evolution of medical discourse on sustainability. Within a decade, the term “sustainability”
has moved from the language of international policy (SDGs, sustainable financing) to the internal
vocabulary of medicine. Medical discourse has begun to include dimensions such as the institutional
resilience of health systems, the continuity of intervention implementation, social equity and universal
access, the ecological responsibility of medical infrastructures, and the professional sustainability of
medical staff. This semantic expansion demonstrates the maturation of a medical paradigm that no
longer separates health from its social and environmental context, but treats them as interdependent
elements of a living system.

The specificity of medicine in the interdisciplinary landscape. Compared to other fields (ecology,
economics, sociology), medicine offers a pragmatic and integrative approach to sustainability: it does
not theorise balance, but measures continuity; it does not seek only to conserve resources, but to
maintain care capacity; it does not limit itself to adaptation, but transforms sustainability into a clinical,
institutional and ethical tool. Medicine thus becomes a discipline that requires translation, capable of
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importing concepts from other sciences (resilience, efficiency, equity, social capital) and transforming
them into practices of governance and sustainable care.

Gaps and challenges. Although the volume of literature is considerable, important gaps remain:
the lack of a unified conceptual framework for medical sustainability, the absence of standardised
metrics and longitudinal studies, the underrepresentation of the ecological and planetary dimensions,
geographical imbalance in favour of high-income countries, and poor interdisciplinary integration with
environmental and social sciences. These limitations point to the need for theoretical reconstruction
and international collaborative infrastructures capable of harmonising the languages and methods of
sustainability in health.

Implications for the future. The results suggest that sustainability should be viewed not as an
“addition” to health, but as a new way of understanding health itself. This implies a epistemological
transition: from “healthcare systems” to “sustainable health systems”, from “public health” to “planetary
health”, and from “ethics of treatment” to “ethics of care and continuity”. In the next decade, the success
of health systems will be measured not only by medical indicators, but by their ability to be sustainable
— socially, ecologically and morally.

This research confirms that sustainability has become the new language of convergence in
contemporary medicine. It is no longer just a subject of study, but a paradigm of responsibility:
responsibility towards the patient (effectiveness and continuity), towards society (equity and inclusion)
and towards the planet (ecological impact and intergenerational ethics). In essence, sustainable medicine
is a science of duration and care, a discipline that combines healing with the preservation of life in all
its forms — biological, social and planetary.
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Abstract

Introduction: Medical records are critical to patient care and clinical management, making
continuous quality improvement essential. This study aims to evaluate the role of medical records in
hospital performance, identify factors affecting documentation quality, and assess the transition from
paper-based histories to Electronic Health Records (EHR). Methodology: A qualitative approach was
employed, using semi-structured in-depth interviews with healthcare quality managers. Additionally,
desk research was conducted to analyze international best practices, industry standards, and the
regulatory framework of Georgia's healthcare sector. Results: The quality of medical records directly
correlates with hospital management efficiency and patient safety. Beyond technical and human factors,
quality is heavily influenced by internal hospital policies and incentive/penalty systems. EHR
implementation significantly reduces data loss and improves accessibility, though it introduces
technological adaptation barriers for staff. Conclusion: Ensuring documentation quality requires a
systemic approach. This involves integrating digital tools, optimizing internal organizational
hierarchies, providing continuous staff training, and strengthening the functional capacity of quality
management departments.

Keywords: Medical records, quality assurance, Electronic Health Records (EHR), patient safety,
clinical management.
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Abstract

Introduction: The rapid expansion of e-commerce has transformed consumer purchasing
patterns worldwide, yet traditional in-store shopping remains significant, particularly in emerging
markets. This study explores consumer shopping behavior in Georgia by comparing preferences for
online and in-store clothing purchases, with attention to demographic factors, perceived benefits and
barriers, and the role of technology in shaping future trends. Methods: A quantitative research design
was employed using structured questionnaires administered to 385 respondents, predominantly residing
in Thilisi. The survey captured data on shopping preferences, influencing factors, perceived challenges,
and technology usage. Descriptive and inferential statistical analyses were conducted to identify key
determinants of online versus in-store shopping behavior and to examine demographic variations.
Results: The findings indicate clear distinctions between online and in-store shoppers. Online
consumers primarily value secure payment systems, ease of use, and broad product availability,
especially regarding size, color, and style options. In contrast, in-store shoppers prioritize the ability to
try on clothing, physically inspect products, and complete purchases immediately. Major barriers to
online shopping include sizing issues (22%) and concerns about product quality (24%), while in-store
shopping is mainly constrained by crowding (31%) and limited stock (26%). Despite increasing
digitalization, 42% of respondents expect to continue shopping mainly in physical stores. Technology
plays a significant role in shaping behavior, with higher mobile application usage observed among
women. Traditional product discovery methods, such as window shopping and search engines, remain
dominant, whereas social media exerts a comparatively limited influence. Conclusion: The study
demonstrates that convenience is the primary driver of online clothing purchases, while tactile
experience and immediacy motivate in-store shopping in Georgia. Although e-commerce continues to
grow, physical retail remains resilient. These insights can support retailers and policymakers in
designing hybrid strategies that integrate digital convenience with enhanced in-store experiences to
better meet evolving consumer expectations.

: ET © 2026 by the authors. Licensee Health Policy, Economics and Sociology. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license
(https://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The global apparel industry plays a pivotal role in the world economy, employing over 300 million
people as of 2018. The surge in demand, especially in developing countries, has contributed to the
industry's rapid growth. The COVID-19 pandemic introduced unprecedented disruptions, causing a
22% decline in the global apparel market between 2019 and 2020. However, recovery began in 2021,
with revenues reaching $1.9 trillion in 2022 and expected to rise to $2.25 trillion in 2025 (Mamuladze,
2022).

Georgia's clothing retail sector reflects these global trends, showing increased online engagement
while maintaining a strong in-store shopping culture. The relevance of this study lies in exploring
Georgian consumer preferences between online and in-store clothing shopping, identifying the factors
influencing these choices, and examining demographic differences.

This study aims to examine consumer shopping behavior in Georgia, with a particular focus on
comparing online and in-store clothing purchases.

The research addresses the following objectives:

* To examine Georgian consumer preferences between online and in-store clothing shopping,
with a focus on convenience, satisfaction levels, and price sensitivity.

* To analyze the influence of demographic factors, such as age, gender, and income, on
shopping channel selection and purchasing behavior.

* To explore the role of technology in shaping consumer shopping habits and to assess future
trends in online and in-store clothing purchases in Georgia.

These objectives help fill a gap in the existing marketing literature concerning Georgian
consumers and provide strategic insights for retailers operating in the country.

Theoretical background

Consumer shopping behavior has been widely studied across global markets. Several theoretical
models provide the framework for this study:

The Theory of Planned Behavior posits that attitudes, subjective norms, and perceived behavioral
control drive behavior. For Georgian consumers, TPB helps explain preferences shaped by societal
expectations and perceived ease of online or in-store shopping (Ajzen, 1991).

Consumer Decision-Making Process Model identifies five stages: problem recognition,
information search, evaluation of alternatives, purchase decision, and post-purchase behavior. Georgian
consumers likely navigate these stages differently when selecting online versus in-store channels (Engel
et al., 1990).

The Technology Acceptance Model (TAM) emphasizes perceived usefulness and ease of use as
key determinants of online shopping adoption. Factors like website navigation and payment security
directly relate to TAM's constructs in the Georgian context (Davis & Grani¢, 2024).

The Stimulus-Organism-Response (S-O-R) Model explains how external stimuli (store layout or
website interface) affect internal consumer states and behavior. This model is particularly relevant for
assessing how Georgian consumers react to online interfaces versus physical store environments
(Hochreiter et al., 2023).

Methodology

This study adopted a quantitative research approach to ensure objectivity and enable large-scale
data analysis.
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Sample Size:

The target population comprised residents of Tbilisi, with an estimated population of 1,259,000
(Geostat, 2024). Using a 95% confidence level and a 5% margin of error, the required sample size was
calculated to be 385 respondents. The final sample included exactly 385 participants.

Data Collection and Sampling Unit:

Data were collected using structured questionnaires administered both online and through face-
to-face surveys. The questionnaire gathered information on respondents’ demographic characteristics,
shopping frequency, shopping preferences, decision-making factors, and future shopping intentions.
Individuals who had made at least one online or in-store clothing purchase within the past six months
were eligible for inclusion in the study.

Data Analysis:

Data entry and analysis were conducted using SPSS software. Multiple-response questions were
coded using a multi-variable system (e.g., Q20_1, Q20_2, Q20_3). The analytical methods applied
included descriptive statistics, frequency distributions, and cross-tabulation analyses.

Results

The demographic analysis revealed that 80% of respondents were female and 20% male.
Regarding age, 57% of respondents were between 19 and 30 years, with 21% between 31 and 40 years.
Occupational status indicated 48% full-time employed, 33% students, and 9% self-employed. As for
Income distribution (Table 1) showed that 37% earned less than 1,000 GEL, and only 7% earned more
than 5,000 GEL.

Table 1. Income distribution

Income range % N
<1000 37% 142
1001-2000 29% 112
2001-3000 12% 46
3001-4000 11% 42
4001-5000 3% 12
5001> 7% 27

Source: Own research data

Most respondents cited necessity (68%) as the primary reason for clothing purchases, followed by
special occasions (51%) (Table 2). In terms of frequency, 15% bought clothing weekly, 59% bought
clothing monthly, while 20% shopped quarterly.

Table 2. Purchase motivation

Main reason for buying as Main Reason for Buying as
. N . N
a 1st choice a 2nd choice

Necessity 68% 262 2% 8

Fashion trends 5% 19 33% 127
ial
specta 3% 12 51% 196
occasions

Impulse buying 17% 65 14% 54
other 6% 23 - 0

Source: Own research data
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An income-based cross-tabulation (Table 3) showed that 65% of respondents earning less than
1,000 GEL bought clothing monthly, while 39% of respondents earning over 5,000 GEL purchased
clothing quarterly.

Table 3: Frequency of Buying Clothes per Income Range

Frequency of Buying Clothes Total
Weekly | Monthly | Quarterly | Annually | Rarely
Income | Less than 1000 16,9% 64,6% 8,5% 3,1% 6,9% 100,0%
1001 - 2000 3,9% 74,8% 16,5% - 4,9% 100,0%
2001 - 3000 9,3% 53,5% 27,9% - 9,3% 100,0%
3001 - 4000 20,0% 60,0% 20,0% - - 100,0%
4001-5000 - 60,0% 40,0% - - 100,0%
iggie and | 60% | 269% | 385% - 7.7% | 100,0%
Total 12,8% 62,8% 17,6% 1,1% 5,7% 100,0%

Source: Own research data

Regarding channel preference, 46% preferred in-store shopping, 19% preferred online shopping,
and 35% used both equally.

Showrooming behavior showed that 24% browsed online before purchasing in-store occasionally,
while 15% always compared both channels before purchase. Conversely, for web rooming, 27% reported
shopping only in-store without prior online search.

Table 4. Closing purchase behavior
browse clothing online and N search for clothing in-store N
then purchase it in-store and then purchase it online

Always 6% 23 8% 31
Frequently 11% 42 10% 39
Occasionally 24% 92 17% 65
Rarely 14% 54 18% 69
never 13% 50 9% 35

| compare both 15% 58 9% 35

| only shop online 3% 12 1% 4
| only shop in-store 10% 39 27% 104

Source: Own research data

Among online shoppers, 36% compared products both online and in-store before making a
purchase. Only 5% reported purchasing exclusively online (Table 5).

Table 5. Online shoppers’ behavior

browse clothing online and N search clothing in-store and N

then purchase it in-store then purchase it online
always 10% 39 10% 39
Frequently 5% 19 11% 42
Occasionally 4% 15 25% 96
Rarely 26% 100 19% 73
never - 0 19% 73
| compare both 36% 139 11% 42
| Ogmi;zop 15% 58 5% 19
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For in-store shoppers, 24% never browsed online before buying, and 51% stated they exclusively
shopped in physical stores (Table 6).

Table 6: In-store shoppers’ behavior

browse clothing online and N search for clothing in-store N
then purchase it in-store and then purchase it online

always 1% 4 8% 31
Frequently 13% 50 6% 23
Occasionally 26% 100 7% 27
Rarely 13% 50 14% 54
never 24% 92 10% 39

| compare both 2% 8 4% 15

I only shop online 1% 4 - 0
| only shop in-store - 0 51% 196

Source: Own research data
Shopping Preferences according to gender show that only 3.9% of men preferred online shopping,
compared to 22.8% of women. Consumers over 40 years overwhelmingly preferred in-store shopping,

while younger groups utilized both channels more equally (see Tables 7 and 8).

Table 7: Shopping Preferences according to gender

Where do you prefer to purchase clothes?
. Total
Online In-store Both equally
Gender | Male 3,9% 50,6% 45,5% 100,0%
Female 22,8% 44,6% 32,6% 100,0%
Total 19,0% 45,8% 35,2% 100,0%
Source: Own research data
Table 8: Shopping Preferences according to age
Online | In-store | Both equally Total
under 18 2,4% 42,9% 54,8% 100,0%
19-30 20,8% 43,4% 35,7% 100,0%
A 31-40 29,3% 43,9% 26,8% 100,0%
e
& ["a1-50 72,4% 27,6% 100,0%
51-65 50,0% 50,0% 100,0%
65 and above 100,0% 100,0%

Source: Own research data

72



in-store shopping, while mid-income respondents were more likely to use both channels.

Income and Shopping Preferences

Income-based analysis revealed that both the lowest and highest income groups leaned towards

Table 9: Shopping Preferences according to income

Where do you prefer to purchase clothes?
. Total
Online In-store Both equally
Income | Less than 1000 10,8% 49,2% 40,0% 100,0%
1001 - 2000 27,2% 42,7% 30,1% 100,0%
2001 - 3000 11,6% 32,6% 55,8% 100,0%
3001 - 4000 37,5% 35,0% 27,5% 100,0%
4001-5000 80,0% 20,0% 100,0%
5001 and above 15,4% 46,2% 38,5% 100,0%

Source: Own research data

Factors Influencing Shopping Decisions

For online shopping, the most critical factors were secure payment process (Mean = 4.80), website
navigation ease (Mean = 4.69), and availability of size/style/color (Mean = 4.65)
Table 10: Factors Influencing Online Shopping Decision).

& g | 8 E < o
2 1S : 52| & g
.| F £ |2 £ 215 8| & 3
22 BB s & 222253 5 .
S| 5| ¢ | B E|g|E| g | 2| & 8] %] &8 s
s 2 2| 2|l g a| | EE| S| 2 E|E ez 2
s 8| s 8| & s S| E|S el RS EEE S
g < o~ o o] S = M =t B o g 5 a
o 2 I s g B a - s v v 2
A 3} «© b= e} o B b 2 5}
g g < ) E o 8 L 2
S 5 | 3 2 S | g | ~ 3
e ) n —
4 3] g = Y ] Q
O Mo & ~ s
Valid | 309 | 319 | 295 | 299 | 304 | 304 [ 301 | 299 | 291 | 299 | 296 | 298 | 299 | 298 | 3
Miss. 78 | 68 | 92 88 | 83 [ 8 |8 | 8 | 96 | 88 | 91 | 89 | 88 | 89 | 384
Mean | 424 | 454 | 3,85 | 397 | 413 | 465 | 448 | 457 | 4,48 | 469 | 480 | 459 | 452 | 4,36 | 15,00
Median | 5,00 | 5,00 | 4,00 | 5,00 | 500 |5,00]5,00]| 500 |5,00|5,00]|5,00]|5,00]|5,00| 500 | 15,00
Mode 5 5 5 5 5 5 | 5 5 5 | 5] 5] 5|5 5 15
Std.
Deviation | 1135 | 792 | 1,282 | 1,326 | 1,262 | ,798 | ,968 | ,907 | ,941 | ,614 | ,643 | ,845 | ,884 | 1,019 | 0,000

Source: Own research data

In-store shopping decisions were most influenced by the ability to try on clothing (Mean = 4.83)
and the possibility to inspect products physically (Mean = 4.63). Personalized customer service was rated
lowest (Mean = 3.52)
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Table 11: Factors Influencing In-Store Shopping Decision

Deviation
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Mode 5 5 5 5 5 5 5 5 5 5 5 5 5 1
Std.

Source: Own research data

Online shoppers identified sizing issues (22%) and quality concerns (24%) as their main
challenges. For in-store shopping, the most cited barriers were crowds (31%) and limited stock
availability (26%) (Own research data).

Although in-store shopping was the dominant preference, 35% believed online shopping offered
better value for money. Regarding enjoyment, 55% preferred in-store shopping and 42% felt in-store
shopping provided better customer service.

Smartphones and mobile apps were commonly used for online clothing shopping, especially
among women. 28% of women frequently used mobile devices for purchases, compared to 17% of men.

When asked how they discover new clothing items, 30% cited window shopping, 27% used
online search engines, and 22% relied on social media (Own research data).

Discussions

The results show that in-store shopping remains the primary mode of clothing purchase,
highlighting consumers’ continued preference for physical evaluation despite growing online access.
This pattern indicates that digital channels mainly support information search rather than replace offline
purchasing, consistent with established consumer behavior theory.

In-Store Shopping in Clothing Purchases

Based on the results the physical retail remains the dominant purchasing channel for clothing in
the Georgian market. With 46% of respondents preferring in-store purchases, compared to 19%
preferring online channels and 35% using both channels, corresponding to the international evidence
that apparel is among the slowest retail categories to fully digitalize (GlobalData, 2024). Studies on
European apparel markets similarly highlight that clothing remains strongly tied to sensory evaluation
and physical interaction, even in technologically advanced economies (Germany Trade & Invest, 2021).

The strong reliance on offline shopping suggests high perceived behavioral control over in-store
environments, whereas online channels introduce uncertainty related to fit, tactile quality, and post-
purchase outcomes. These concerns reduce the intention-behavior link in online apparel shopping
(Ajzen, 1991).
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Omni channel Behavior and Information Search Strategies

Consumers frequently use digital tools for information gathering while deferring final
commitment to physical stores, particularly for apparel products. Research findings reinforce this logic
by showing that online channels primarily support pre-purchase evaluation, rather than replacing
offline retail entirely (Jensen et al. 2021).

Although in-store purchase dominates, the research data reveal significant omnichannel
exploration. A notable 36% of respondents reported actively comparing online and offline channels
before finalizing a purchase, and 26% reported doing so rarely, indicating selective but strategic channel-
switching. Conversely, when examining showrooming behavior, 51% reported only shopping in-store,
suggesting that offline discovery remains central to the purchasing process.

Risk Reduction and Channel Choice

The unwillingness to rely on online purchasing channels can be explained through cognitive
dissonance theory (Giiven, 2022). The findings show that 24% of respondents never browse online
before in-store purchasing, reflecting an intentional avoidance of perceived risk. Online shopping
introduces potential mismatch between expectation and outcome, increasing cognitive dissonance. Such
behavior is a classic risk-avoidance mechanism, where consumers choose channels that minimize post-
purchase regret. The Georgian apparel market appears particularly sensitive to this mechanism, likely
due to limited return infrastructure and uneven sizing standards.

Technology Acceptance and Behavioral Replacement

Although digital infrastructure is increasingly accessible, technology alone does not guarantee
behavioral change. The research findings support the Technology Acceptance Model (TAM) (Davis &
Grani¢, 2024), particularly with respect to perceived usefulness and ease of use. Respondents recognize
the convenience of online browsing, price comparison, and product availability; however, these benefits
do not translate into dominant online purchasing behavior.

This disconnect suggests that technology acceptance facilitates information processing, not
purchase execution. This aligns with findings in broader digital consumer behavior research, which
argue that technological readiness does not eliminate the need for experiential reassurance in high-
involvement purchases (MDPI Behavioral Sciences, 2024).

Furthermore, traditional shopping practices such as window shopping and in-person evaluation
remain strong discovery mechanisms, echoing findings from European retail studies (Germany Trade &
Invest, 2021). This suggests that the Georgian apparel market shares structural similarities with other
transitional retail ecosystems.

Conclusions

This study provides a comprehensive examination of Georgian consumer behavior concerning
online versus in-store clothing purchases.
Key findings include:
*  In-store shopping remains dominant, especially among older consumers and men;
*  Online shopping is steadily growing, driven by younger consumers and women;
*  Critical factors influencing online shopping include secure payment and website usability;
*  In-store shopping remains favored for tactile experience and immediate product access;
*  Demographic factors such as age, gender, and income significantly influence shopping
behaviors;
+  Common online shopping challenges include sizing and quality concerns, while in-store
challenges include crowding and stock limitations;
*  Mobile technology plays an increasingly significant role, especially for product discovery
and purchase decisions among younger consumers;
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For Georgian retailers, these insights emphasize the necessity of improving both online and
offline channels. Enhancing online platforms with better payment systems, sizing tools, and return
policies will improve customer satisfaction. Simultaneously, improving in-store environments,
inventory management, and customer engagement will help retain traditional shoppers.

The findings strongly suggest that Georgian retailers should avoid aggressive channel substitution
strategies. Instead, retailers should:

*  Support omnichannel information search through accurate online content
*  Improve in-store operational efficiency and fitting experience
*  Reduce online risk perceptions through transparent return policies

Retailers should also consider investing in omnichannel strategies to address the shifting

preferences of Georgian consumers, ensuring competitiveness in an evolving retail landscape.
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Abstract

Despite possessing exceptional scientific and clinical capacity, the United States
continues to underperform in terms of health system outcomes. This paper analyzes the
adverse consequences of decades of market-oriented policy approaches that have
incentivized profit-seeking practices among insurers and healthcare providers.
Policymakers have outsourced substantial portions of publicly funded coverage for low-
income populations (Medicaid) and for individuals aged 65 years and older (Medicare) to
private insurance companies, with the result that these firms now derive the bulk of their
revenues from public funds. This shift has increased public expenditures while constraining
patients’ effective access to care. Despite substantial evidence of corporate misconduct,
companies legally obligated to prioritise shareholder interests—and, more recently, private
equity firms whose strategies are driven by short-term profit maximisation—have gained
control over clinical resources that are critical to the functioning of the health-care system.
The Biden administration rescinded some of the most harmful policies of Donald Trump’s
first term, expanded insurance coverage for low-income Americans, and introduced limited
measures to regulate prescription drug prices. By contrast, following his return to office,
President Trump has intensified pressures on public health, reduced Medicaid funding by
US$990 billion to finance tax cuts for wealthier populations, and accelerated the
privatization of Medicare. Under these conditions, stricter regulation of profit-driven
practices remains possible at the state level, and the medical profession bears a
responsibility to oppose policy trajectories that undermine population health. However,
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addressing the current crisis requires deeper, structural reforms that would liberate health
insurance and care delivery from the dominance of commercial interests.
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93BG 72% BB MEMI© 55OBIOL K 9bo330L IGObIBLYDdOLS s WEBMZg30L LOLE YTl
(Brenan, 2024).

50 300mbogom bsdMmIdo 49630b0Es3m sGLmMsbom F9w9agoolL 4edmdf3g3 doBgbgdL
Q5 993553590 BHEMd30L 5T0boLEHMIEO0L 3meoE03ol s FaLsderm se@EgMBoE0390U.

XXI bov3mbgdog 598-do gdodms w98Mmo3eglimds bo3MMs® 3ModBHolsl Barmds, bmem
159350FYMmBMIBOL gAML Lok st MHygdgdo 96 sEAOEMIMH0Z30 Logzgerdmddgm LsdFmagdo
05600530bgb. dmerm fargddo Lsdgogom sHgbgdmegdgdol 3mbEGMmMEo by wWaGmem Jg@o
396dm 0b639LEHMM9doL bgwdo 490o30s. 2019-2023 fargddo 5dd-do 127 700 gJodds (gdodos
L5gOM M3MPIBMdOL 15%) sGHMZs 39MHdM 3Mr5dBH03s WS JMM3MMHEOY MsbsTIMMIOE 0g3o.
X 965(330L LoLEYdsdo FmgqdsHg MOH0I6EIE0S LIL 99339 MI0bIBEWM oo 0gso.

155350YMBMId0, Jobozgdo s ™300 3mL3oLbgdos 30, OMIWDOE SMHErgEgdol
2306053mdsdo  589bs  9abEbOIdOL s J39¢8mddggdol  dsgrolbdgzom, @owszoEs 0d
3M03560900L  3mbEG®MmEoL 4399, OHMIWIPDOE 35¢EIIMYWDo 9M06 dMoMmMo@gBHo dosboFmb
5dzombgMms  0b@ghglgdl. 59 3mB3560gd0L olFFHd0 Bom LsdMOEgdsls 593l BgAs3Egbs
9mobobmb Loxs®m 3mmwo@oldsbg s 296©q3bmb 3oty 3mb3mMab@gdo. s3sLmsb, dsmo
bgwddn3s69wgd0 bvyer BGmM 9GO ©EsdmMGOMEwbo 56056 MrmymM Bs0 399 IdIMYO
3960LMboel, oy 08 mydgdl, MmIWgdoz oDy 5M0b  IMIOEIIMWo  LsdgEOoE0b™
9dLobMHxdolm30L, Mo 50dslMEgdge d9bgxgMgol 033l 1s3MMMO FosHY39¢H0LJdgdOl
306037160 890093900L56.

28 doombo 53960390 3303 IBMZg30L 2o0gdy Mhgds, o dmbowmbywos, MHmI gl
Mogbgo 2034 {erobogzgol 44 dogombl doswggl, Medicaid-ol dmbsrmabyeo d98306M9d900Ls s
bgdobsfizomdo BeOwb3z0L 5@ol (Affordable Care Act) gs@awrgddo bwydlioogdols dgdEocMgdols
990939 (Cohen & Briones, 2025). go6@s 5d0bs, ©sDBW3gMEms 36083690 m3s6 Boffoemls fiagl
03996bsemdBg 21960l mMgds 96 Llbob 50gds 93500TYMBMBOOL, 5M9EIRIMMEO LgMZ0LJOOLS s
95050 5bsdMbsfoggmdols (copayment) 5dm. Xob@s330L 3OMRBJLOMbsEgdo e maB®
9939 39603056 Bghmesl, MmIgwog Tom  50dEgdL  353096GHJO0L  LsFoMMYdPPLS o
36O mBgLoe bmMTGdBg Fob ©s9ggbmb sl gdOL Bobsblwmdmo dobbgdo.

Loxsmem OHgly®ligdo s 39Mdm ligd@m®ol dmagds xsbsagsdo

Medicare-ols @5 Medicaid-ob (9glsdsdolo, 64 gy MgGOMbo sbs30L 306MHgdoLs @S
Q5050 990mbogerols 3dmbg mbsbegmdol Bafoolmgol 49639m3boo Loxsdm ©sHBm3930L
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3M®aM39900) 58mgdggdom 1960-0s60 {ergdol Fogs 3gMomdo s3d-0b dmgMMdT X sboE30L
©x30656Lgds80 2oadfY39G0 MMEOo 030G, Lax s LoblMgdol bs35wds, MMIgeoi 1960 Fgarl
533-0b x965330L batxgdol 28%-b d95096s s 2020 ferobmzgol 69%-3q as0bsts (Gaffney
s bb3z., 2023), 360936903650 25B5M LEYODM K 963306 WbsbaMR GO0 s T9Jdbs dmygdols
J0©gdol BsMmm dqladergdermdqdo.

Medicare-ols s Medicaid-ob 999mgdsd©g 3903 0639LEGMO™MS Ls3MmMgdsdo gmeo
15935000YMBMIdO 0d305m0 0ym. Lohyol gEe3bg Medicare LwdloEOMdL “Yfg3s TmyqdsbY
™609bGH0MOME 155350TYMGBMAVL.

Medicare-ols  59mgd9@gd0L 306039 fiemgddo  Lobgadfogm 1obsblrm  M3o®msEHglmdsls
50935 3960 dM, 3ty9gdsBHg MmOH096EH0MGONE 1s535IYMBMIOL. 39HIM, SBYDO Ls350TYMFBMIdO
Medicare-oligsb 00g0@bgb s35¢g00m 565BMamEmdsl 08 3o30Gswbg (0639LEOMYOME Brby),
MHmIgeog o0 d0BBgLdo 3Jmbsm Bogdmero, 5649 Lsbgedfoxgmad oo IRBIMS 56 Fbmerm
159900306M IMBLIbUYMHGOOL boMrxgd0, 5539 dmgqdol BoMgdols Jglsdegdamds3 HBOHMBIgLyMm.
5653009630 155350IYMGBMIBL SLgmo Fgmegzsmo 56 3Jmbosm: obobo 00gdbgb Fbmerme
3mdLobMgdolL bsMxgool 965BEsMMIdL s 56 9ILIMEOI® J930GIWDY ,Mygdol* dowgdol
M3Egds.  99009a9©, LobGgds mo30sb39 Jdbos  30MHMddL, Losg  3gMdm, dmagdatg
M6096GH0Mg0Mo  b5350YMBMGO0  BobsblMMsE  WBGM  bgwlisgMgr  dyMIscmgmdsdo
500mBBbg6 s LB OFYIL YoTIODMYDS.

9my9gd5bg MmM0gbGH0M9dMo  Ls9350AYMBmms  Jugargdo, GmameMoass HCA Healthcare
(@556Bs 1968 figarl s ©WYBY 5d3-0b MAsbgowglio 39Mdm, dmygdsby mM0gbEomgdmwo
15535000ymBMms  Jugero), LHOIRS© FoBIMMMZ, Bobsd 1980-056 fargddo Medicare-ds gb
LoBObIBLM 130MOFBHILMBS 56 Qo5v)dTs. 535505 5dF-0 Lvo35IYMNRBMYdOL 76% 330053 (Fobodad
B0OISMOHIE) 96053mIgO30wo bEs@Gwlbobss (American Hospital Association, 2022). ovd3s
Medicare-oll dog6H 006300l  JOHmbogmwo  oswobolsmgol (1973 Farosh), dmygdsby
6096¢0Mm90wo Jobdmzwobmzol (1980 (erosb) s 3mbdolol Imdlsbwcmgdobomgol (1983
frosb) sfglgdmeo  qmembgo  BHoMoxgdo LG0T 0dgs 99 bygdmgddo  396Mdm,
0639bGH™OMWo  3530@swol  Gglgerolmzol. ©EIL  3gMdm  0b39LEHMEMYd0  53MBEHMMEGd6
©05@0BoL 3000603900L )3gEILMBSL (MO0 3MT3B05 FermBL yz9ws 396GMOL ssbermgdom 80%-
), 5209039 06330l bosagbE ™ML, Imbwms M309LBMOLS s 3ML3oLYDL.

396Mdm  0639LEMOMWo  BsgMmMgdol BOIL ™Mb by FIMMMEO  F93MEFIL YOO
93303390900, 00Mml 3M035GH0DIE0S A99TXMdJLGds baGolbLY s 9g399@0BMdL, 01md3s
Q3OmM303s 93303390 gdg0ds 9B39b6s, GMI HBMOLbO J9g5MHlS, boMx o0 F50DIMES s
245900339000 M5©0Eommdol §gdmbggzgdo.

2002 s 2004 Gargddo Bo@oMgdryends 89@0sbosoBgdds  @osyobs, MHME dmagdsHy
m609bGH0M9d B59350TYMBMYOT0 batrx 900 19%-00 Fosro 0ym, bmwrm bo3zzEoEosbmds 2%-
om 3930, 30MY 5M53mIgM3E0M ©glgdMgdgddo (Devereaux o Lbs., 2004). 2000-2003
fcrgddo Healthcare Jugends 1.7 30¢00560 588 0mo®m0ol m@gbmdols ¢ 56085 45050bss s09gH00
M 39300 350m, do0 dmeol Medicare-olmzol moE00mIMo dowobyolsmgzols (US Department of
Justice, 2003). 1994 (gl Igmeg MLb3owglbo dmyqdsHy MmM096GH0MIIMO 1s535TYMTBMMS
30835605 National Medical Enterprises (NME d99gmd30 Tenet) 0593065 380 30¢rombo oms®ols
X 960005 3530963900l J0dsrMN30LmM30L JOMAoL goEobOols s Medicare-ol, Medicaid-obs o
396Jdm sH393900L8 MMWOmYHO 459myYqbgdols godm (Thomas, 1994). Tenet-0s sbg3g 290bo@
100 8oerombo Mo 08 35:3096¢9g00Lm30L, HMmAWwgdos 99¢30390BI6, ®MA olobo v356mbmeo
0y3696 ©5353909bo 303835600 gbodosGmormw bo535000ymzmgddo, [ONON
MBOHYD3gymzomoym Bowswo BssH®zgzm sbsBsmemads (Eichenwald, 1997); 395 dogrombo
©MEsMo - 750 353096GH0Lm30L, OMIWGOTsE 2o0sMgL  9MILFOMmM g0l JoMMA0MEO
396530900, 8o FmMoL 0bgmgdds, 30L5E IOl 935¢00gds 50 3Jmbes (New York Times, 2004);
beagom 2016 §geol — 513 o@rombo @m0 MOEomOo sb3MmodLHmMgdoLs s 353090GHM
00050m:mM30Lm30L JOH Mol 35obEOL gs0m (US Department of Justice, 2016).
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bbgs dmagdsBg mM09bEoMmgde Jugargdl dmerm 3gHomedo foarygbal 0o gdgd0, GMa
oLobo LalHEIGM sbToMm POl g35MESIIBEOL 9Jo8gdBg Bghmesls sbgbwbb WsdsEro Loddodol
09dmbg 3530963900l 3mbdoGowoBszool  Jobbom, Lofmegdols  Fgglgdols s Bmagdol
200OoLomzol (Farmer, 2022). 0bggl@m®ms Ls3mm®gdsdo dymgo Bsog5aYmMeyMgdo 33003
094969096 3magdol BOHOL LEHMIGHYH0OL - 59300JOI0 SMEOEWGdgE, Toa®sd 5M0MIYGO0b
LgO30LgOL (990,  903/G0ELOL  BmMgEEEl @S SFOVIEIGHMMOME  BLOJOSEGHMOVIE
0399065¢0mdL) @S 9BIOHOMYOGD  FMTagd0sD  FMALsbEMGRRRL,  OHMyMMOEss  0bzsbowGO
39MHEOMWMAOMEOO  3OMEIOYIOJd0, 08 Mrombgddosg 30, Lowsg sLgoo  LyM3zolgdo 339
bgedobsfzomdos (Horwitz & Nichols, 2022).

0b39L@MOWMwo  LE3MPOIBOL  ASTM3EOEgds  bbgs  LsdgoEobm  LggMmgddos
0905030mg0gos.  dmaqdsbg  mOH0gbGH0MdMwo 03l ©oswobol  0bLEG®mO0s
990mbsgargdol  doMomo@  bBoffoeml Medicare-o@sb  o@gdl, ®mdgwog 9d3-do  JHmboge
O050HBY IYgmgo 35309063700l 95%-b BosGsgl (Medicare Payment Advisory Commission, 2025).
JOD-9gOmMTs 303356058, GMIgEog 5d0-0o0 momddol 3000 osEobol 396GHGL BEMmdL, 350
d0ombo  MEHMO  25s0bs@s  353096GMS  F0TomHMz30LMZOL  JHMsdol  Fgoegz5BgdoL
06598900l IM35M9d0L JoBbom (US Department of Justice, 2014). 33093900 5@sbEw)6M9d9b,
600 995Dy mM09630Mm9dM  osEobol (396BHMIOT0 L03IZWOEBMdS 7%-000 FoMOWO0S,
3000609 56053039M30Mwgddo (Dickman s bb3., 2021).

30393500560 dmzwol sfglgdmgdgdls s bssagbEHMgddo, MMIWGdOE OSwobHOol
3w0b6039%0L bgoglo dgdmbiagengdol o bsffoeml Medicare-obs s Medicaid-olgeb 0wgdgb,
9mdga00560 Ls8goEobm MMYboBs30gd0 139 SLMEOMDMEI0s RGO Toswr bsMxgJOLs s
Q505 bsMolbmsb. 9540omo, dmdagdosbo Gobdmgwol Lesgygb@Emgddo bostxgdo 18.5%-om
050505, beagne 3b30@oeoboEgool dsbgzgbgdgaro 7.1%-00 39@0, 30O 5653039ME0wEgddo
(Cabin o bb3., 2014). 3035059 MOHOIHEHOMGOME FMbY3ms 5309LGOIOL Bogegdo 3gOLmboero
394o3m, 29bLo3MNOHIB0m gdmbgdo. ImIggdosbo 3mb3olgdo bogargdo  335¢0R035300L  dJmbg
310603196 39MLmbol sb5gdgdgh, Bogengdl boxsgzgb Mdmsem Imgwsby, 99300 MGEG™ dgGo
bo@Molbmsh 03939060900 IMP3J3900 s BLOsMYDM L55350TYMABMGdOLs @S LabiMogm
©ob3sMgdol  g35MHEAIBEIOOL  A50mYygbgdol doswsero Lobdotg (Aldridge, 2021). 3mU3obol
3530906GH™M Mxsbol §93609003 MBOM oMYmBomO 553589096 Fmzeol A0dM(300egdSL FMYgdsBY
™m609bGH0MGdM ©Hglgdemgdgddo (Anhang s Ubg., 2023).

3MI5(393GIo 3033560900, OMIgms Imaqdol mbg IbEIMgdOm MOHRIH 5©0gIEJOS
53d8-0b bbgs dlbgowo d0Bbgligdol doBz39b9deadL, S1939 IE0gMSE 5006 M I0EYOMEIO LoxSOM
©x30bsbLYDdsDY. Medicare-obs s Medicaid-ol boxgdds  530EOEHMMOMWO  M393GHIL0
8900353963 gd0obmz0l, HmIwgdos 1970 Hgwb (2023 Herol BsLgddo) Fbmewmo 3.3 dowostHE
QMEsML 99500960, 2023 Herolomgol 195.6 Bowos®@ MeEsmL dospfos (Centers for Medicare
and Medicaid Services, 2025). UsgMom %5830, 80530Mds  BoMO3L 5T EGHMOOEO
890035896¢3900L bstrxgdols 59%- (Schrier o Lb3., 2024).

1505BM393M 06EMLEHGOOL BHOBLBMMT5305 IM535eRMbI30M® X 9bs330L
3Mb63emdgMs@dso

080-0  %963MMgEMdOL  EsH®3930L  0bEMLEBEMOs  Lomaggl 0MgdL  5093MBIMEOYICO
194930096, HMIgol OO I3MHJLOOL 3gMHoMmEAdo EILdo (Ggbslol d@sE0) ghm-9MHmTs
L593500ymxmd 894dbs  Lo3Mme®mo BobBLYMO  TEYMTMIMOOL  golodysMgds. o3 Uggdsd
Log3mAdggwo Bomygss s®53magMowe Blue Cross-ol g93dgdl, GMmIgdog 9hm ©O®L 5dd-ol
6920mb700L  dgEHlmdsdo MI0bsBEGHMO 3MmBoEosl 039390bY6. Mdzs XX Lomzmbol 9o
3960mdo 0b39LEHMOMs 153MMYBsFo FYmg3ds LoEsHM393Mm 339609005 s0fygl Blue Cross-ob
292099056 306396 gb30s. Blue Cross 43zges dmdbds®gderobmgols ghombs s 00539 Loobwggzm
369dosl shglgds (9.5, »LIBMYIMIPIMHO30 GHMOGO“ — community rating), 95806 HGmOYL
dmpq05Hg mMH09gbEGH0MGOMo sdHBP393900 BoLEOIGIPOL LmogsHDMOBID sbosBOHEIILS o
X96dOmMgE 306906, bmm bsbEsBINwgdls s MBROM Mo bsdgoEobm bsFoMmgdgdol
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094mbg  5053056gdl b  m3000Mglo oo  3MYB0gdL  MHglgdEbID, b LogBHmm Mol
990690m@bgb sH®3935%Dg. 1960-0560 Hergdol Fms 3gMmomeolbmzol Blue Cross-ob 43zgers agdsd
mM5M0 mgJgd community rating-bg, bogom 1994 gl Blue Cross-ob g@mgbmends m®myebobsiosd
245091995 5RO MIGHOZ0 GO0 segdolL 39MdM 0639LEHMME Bs3MmMMYdST0 F9Y3560L 530Mdoen3s.
Blue Cross-ols 36535¢00 39335 8t3905bg m6H096@0M9dem dmgebg 29093000.

00539 39M0m©To LOEIBMZ93M dBIODY 0Ly 3MBLMEOEsE0sd 3603369 mgbs
390LmLBS  3mb3MM9bEos. Abgowo  3m335609d0L  godw0gMgds  AsB30MMdPIMos  JobdEHdOL
98399BH0m, OHMIgois MYA0mbYms© MI0bIbEHME sTBM39390L Lodwgoegdsl sdwrgazl dmygdol
30Bbom 9OHMOOHMNMES© F9HBIMEME LoEsHM393M 30930900 FMLsbErgMdOLMZ0L s FMIbEOBMB
Bghmams Lsog508YmmBMgdLs s §Jodgd By, Moms Bosmysb Bolis3egdgdo 96 WBROM sGHLIbIMBOYEI™
565BsMH5d0L 306MHMdd0 Fo0Emb. 390935, 35HBOOL doEowBEgds 3mb3IBEGMOMmEds F3oMY
500gbmMdol  dbbgoer IMs8599gddo: 505505  F9BHOHM3ME0NH  BIOOGHMM0sMs  MomJdol
Bobggzo®do (47%) gMm ©s3BM393L 93990360l dsBMOL bryen d306mg Bobgzs®o, bmwm Mgyombgdols
95% 0m3gds 50 3mb3EgbEG®moMmgd M 35BMs© (American Medical Association Division of
Economic and Health Policy Research, 2025).

oM  390H0MmEsdEg  LBsEsHBM393m  3M33560gd0  OMOMIPI®  3MEODMBE SO0
0639365300l B0 0HBMHIOMEBY6 — Fo90m5©, MO0 ITB3930L FgMfydoom. M3 dragm
s0firgmol  3963530MdsT0 BoMMNMP  A93MBEIWOS  39MGH0ZOWNIM0 06390305, MMPILS3
©53P0393900 9BsOMMYdG6  LogdosbMdSL  5BM05ggdol  Jugargdols s gJodms  3MdJEH03gool
d9d960L aBom, Gomsi d96M3z560 bEgds B30 X SBIOMIMBOL EsHBM3935Ls S MBMOEMO
15390(306Mm FMBLIbUYMGIOL gofigzol FmMob. 39MEH0ISMEOO 0bEHIAMOEO0L F9OIASL YSX0dPIOS
9653507363000 X 9bs330L  3MbyemIgModgdo, MHMIWgDdOE JOm0bs©  93MmbEHMMEgd96
B3935, LsdgEoEbm IMALEbMEMBOL AsH35Ls O BoMT(393GWI FofmgdL s MHMBgdO;
©EIL 5d3-0b 930bmdozol Y3z9gwsBy Abgzow 3md3s60gdL InMOL 5606, 58 3MMEILL MIMYdS
LoEsm 35FMHMdOL 209630 Amazon-og, HmIgeos 0bGgbLlomGms© dgob xsbsizol bgddmemdo:
020 UHMoxs@  930000090L  (g3Omdsbg  ©oxvdbgdrmao, ,3mbloghgol*  GHodol  30MH39ws@o
X965330L  396GHMmIO0l  Jugwl s 3HYwgdgoEobol  LgM30LgdL, GMIwgdog  353096GJOOL
93933 9900035996@9dL LobBgdMms Amazon-ols mbws0b s3m05doliggh JodsMrmsgls, Gomsg
300093 MRO® 5dwogmHqgol dmdbobrMgdols 39ME035¢w6 0bGEgaMoEosl.

UnitedHealth Boogoo@  sbobogl 396030350900 06@ga®e3ool  Ggbwgbiosl.  doLo
L5EIBM393M A5bYMGBoads (9hm-ghmo 2600-Bg dg@o dos s LEgMMETMMHOLM FZ30EMdOO
30035600096) 588-0L MogLo 3gMdm EITBW39305 s 49 Boomb 53gM039wl GomsglL. 2023
09l UnitedHealth-85 990dobs 806dm3¢ol Jugero 527 aom3soom.

CVS Health Bsdmygseods 2018 Hgwl LosDmzggzm 30md3s600l Aetna-b (GmIgeog 5095595
53bEMmgdom 39 FoEromb 5s30sbl BoMagl) s CVS-oll — 583-ob malbgowglio s83mo0sdgool
Jugeol, 9000-%Bg dgBHo gowroswom — Fgmfydol Fggao. 335600l BsMToE93GIEX0
LoMRJIWOL FoMmM30L F30MdoEo LEHMYIGMs Caremark dmALobw@gdsl Mgzl 103 dogromb
50960039l, bomwm CVS-ol bogserm 58300549080  0bGHgaM0Mgdvemos  @asbermgdoo 1100
Ls3go30bm  3eobogs. UnitedHealth-ol  dLaogloo, CVS Health sd@om®oe@  sgsG0™M9dL
30639050 X 9565330l bgdBHMMTo Logmms® 3mboEogdl: Oak Street Medical-ols 169 306390
X 96330l 3erobozol 89dgbols 9909y (10.6 o0sMH©O EMELMOL Lobsagzerm), 3md3sbos
293053L 5bsEo 300603900l sdsEgdsls (Landi, 2023).

396303505  0639aM0M90Mwo %6330l 3MmbymI s gdobmgol  Lsdgozobm
9mdLobMHgdol  gzgws  9BH3bY, OHBW393096  3x0bo3z MG  BMzEsly @S BMTs393H I
90fm©g0s0g,  3MbGHGMEOL  3mb39b@®mogos  Jdbol  dmagdol  BMEOL  ©sTsGHIdOM
99L5dgdMdOL. 0v) FoMlvyardo 9Jodgdo bJoMmos gsdmomEbgb 35309bGgd0L 0b@EHgMglgdol
0593399050 @5  LosHe3g3m  3MI356090mb  IMs35615399930L  gbom (300 ™d©bIE
0900035996¢3)gd0ob, 053bMbBH039M0 33w93900L 5b 93990bsErmdol M5MHYMGoL
39059300 wgdgool  Fgazwsl, gl 3Be3939wwgdol  dogh  sbagdgdwo  gdodgdo
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3603369 m356 0bLEGHOEHME0O BYHmEsl 496030D. Fs™MZ0L 5609396 MMO™ J3935 godEgds
LML 9558YIMOMOZ30 93900 JO0M b 9B5BWIMEIdOL Fa830MYdO.

395Lm9b, LoEEBMZg3M 3MT35609d0 LoLEBHIMGSE SLLEJOID ITM300Jdg LodgoEobm
305dBH03gol,  OGmEgbsg  Foo  4o8mMoEboggb  3MmgsogMms  JugEgdob b Mbosb
3600369m3b50 Vo BoM0RIdL, 30O LOZMDIMO  JMMHIMOBH0Yo  3obozgdolm3zol.
3b65¢MmQ0MM5©, 30bMmIgHoEHOL LEIBM393M LAMIE ML Fgrderos 35:3095EgdOL bs3ogdol
30%5630sOMo  gosdoLsdoMmgds  BOIWM®  GoMBo393¢ o Lotygderols  FsMmzol
3M0356090Ls  (PBM) @5 983000549080, GmImadosg  $BoM3s393dero  dfe®mdmgdaqdoliasb
9d0E05OHEMO00 EMEIsMOL MEIBMdOL M0dJOEJOL 0©0gdIb. gl 3GdE03s JMPPMHMWIWOE BMHEOL
3530963700l X0d0@b 45sLsbgm baMxgdl s B0bBLYIME BBl 59gbadl sdmw30gdgw
553005990 (Mattingly oo bb3., 2023).

3903035000 063)9aMo30s ddmdge 30335600L 5deg3l dgladegdermdsl, 9i39gd@0sbs

33900 55Mml JoMYmoMmgdger 9B 3goL IMgdol d30Mdoe LEGHMMJEHMMOL JmnMol
2390565fogdol  abom. BgOIMIMMo  396mBAIdWMBds oMM Bzl  Fbmerm

L5sBM393M 333560900L Tmygdol EMbgl, Fs0b HMmEgLE 08539 3NMm3MEMsE00L bgs 930w mdogn
9O0JNIRDY — OHMPMMOES 3obo3gdo, BsMT5393GYIo LsMagdwol ds@m3zol 3md3sbogdo
(PBM) 56 8069m30ol Loogqb@mgdo — dbgaglio 99H0m3900 96 30390©9ds. 9900990, HM©absg
3063 39gBo@B0L  LosHM3g3™m  gobymaowgds  B3Mms®  B30MdOE  3MHMZ50IMIOLS
LgO30LMYE gOHMGMNWIOL bgrMm3bMMo gsdgMow Bsligdl bol, gl dmE0sh 30O3MESE305L
5353900 botxgol o6 «99dbol, mdEs LsEIBZg3M ABYMBOEIGBSL LboGrsegdsl sdeg3L
OO0 MRl TJmygdol oagbomo  Bgws BZMHOL  FsMAWwgddo. s®bodbmwo
365gdBHo3ol  olBB00  035lsBobMms:  dbmmme 2024 (gl UnitedHealth-85  Logmorsto
93000000 3083560980Ls6 151 Go0sMmO  MEWHMOL  WOMJOEgdoL  IILobygds,
360305 s Lg3zoLgdo dgodobs (UnitedHealth Group, 2024).

3963dm LsEsBM393M 3MI3560900L MO LaXsOHM 3OHMYMSTJBOL batx gdol BMEsdo

O 39MHdm LsEIB393M 3MB3sD60gd0 LogMme®o Fgdmbogergdol doMoms bsfowl s
9900l ssbErmgdom 90%-0qi3 30 00qd9b Medicare-obs s Medicaid-ob d969g30305M9d0LmM30L
©H3930L MBOHMb39gMma3ol 0Bbom J983mMTGdeo Lobgudform 3mbEMmaddgdosb (National
Association of Insurance Commissioners, 2021). dovybgogs@ 0dols, MMI Moo 93319360900
599303900696, MomJmls dmALsbmEadol 39Mdm 49309dBg 4oo3g8s Medicare-ols 9g39JE0bMdsL
239BMHOI, 3M594FH0IMWO 25TM(30Gds LadoMmoL3oMML SB39670L: EBMZg30L JMbEHMOJEHOMGDS
396dm  30m3356090%Bg MgoMo BOHEOL  A5oLoboOlL 25sdbgms Fobsblwe  EHzoMmmU.
39MJdme, Medicare 3960dm 493090 momm 3969530(3000HBY Lodmsem 22%-00> 9@ bbb Mbob,
300069 00539 3069001 LMo Loy s@m Medicare-ol goMaErgddo ImALsbMmYDds YK OIOMOS.

Medicare Advantage-oll 8s6m35000 DOMB30L d0oBbILIMEgwo TsBHJoom  Ji3wIdbgds
35050 ©0MHPPgdol dJmbg LsdgEoEobm Bmdlobw®madsbg bgardobsfizmdmdol gbwmeasl.
G030, LOMwOE Loxs®m Medicare-ob 8969330305690l 3M0dGH03MeEs©  d9dwosm
50Mbomb  B3doLdogMO  LvsgsIYmMmam s gdodo @s 0830mo©  9YYd0sE  FMALsbyMHGdOL
5Q8060LEBHMH30ME B5M0gMYOL. ol LadoMmoldoMm, Medicare Advantage 9dgd0L v9dgEglbmds
D03l 3969830305ML gdodgdols s bss35AYMBMIdOL 30(HMm Jugwom, bdoMmsw Jugwol
239M9m  BH™M3gdL  2oblozmoMgdom d30M5M0MGINE 3MHMZ50@IMJOL, Fo0 MmOl 935090006
Lodg0E0bm 3963HMmIdLS s B3YE0s0BYOM MBIMMMAOME ©HILGdIMWIdIdL (Kim s bb3.,
2021).

50235600 89D03900 256L53MMMHYJO0” BYRSGOMESE 50LObgds Mo, MMymME Fabo
05050 00MgdEgdol dJmbg 353096300l dm3zwols botolbby, 0MdEs LsgMomm bsolbby dsmo
293¢960L dglobgd sMLYOEo 3330390 gdgd0 MIOMOGNMYSTMTMOEbZ0s. BoRdWOMs©, 00
Mb3mwma0® 35309639080, HMIGms3 gusFoMMIBsm Mo  JoMMPomwo BsMY3900,
Medicare Advantage-oll 0969303050900 LMo  LoxsMm Medicare-ol  dmbsfioerggdomsb
390509000  bs3agdo  bzgdosd LyMGH0R0E0MmgRMEw  mbimwmyom®  3956@®9dd0, VRO™
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©OEbIbL 9306 I3MOBIEMdSL s Fom MmOl 1033OE0sbMdOL Fobgzgbgdgo MgM™m
0505¢05 (Raoof s bb3., 2023).

23905 530bs, HMEgbsg Medicare Advantage-ol 39695303000ms LsdgoEobm bsFoMmgdgdo
0DMmEJOs s Fomo FmALsbwyMmgds FobsblyMmo b53egds dmIagdosbo bogds (Bsaswoms,
00030¢0l Bsbo33wgd0m0 MgMs300L b boba®mdwogo dmzwol sfigligdwyargdsdo gobmsegligdols
LoFoMHmgdol d9mbgg3580), sLgmo 3530963JdOL SMB3HMIMM(30v)OE OEO bsfowo gowswols
396Jdm 3928900096 bLOHs Loy s@m Medicare-do. 999yo, Medicare Advantage 3939900 053l
3609096 FoLso batxgdol GHoMmgdsls s 93000906 L3MMs® GobBIBLYO ZowrgdwgdgdL (Li
s bbg., 2018).

Medicare Advantage 2929900l d0g6 250mygbgdyeo sdobolEmsgomwo dgdsbobdgdo —
H0IgdoE J0FsOHMME0s OHMYMOE gosbol LobGHgdol M3@odoBsgool, olg bsdgoiobm
dmALEbYM9d5BY F3mdol 99B0Y30L396 — Mo350 oMoy bl batrix0sb 3Mmi3gll. Lmmgw gb
508060LEBHM530ME0 boMxgdo s IMPgds 9HNMBE0350 blbol, vy Mo@mad vx©gds0 Medicare
Advantage 3930990 25sbobo@OolL gosdbgegdl g™ dgoMo, dowmbgsgzs 0dols, ®mAd olobo
3w0603m60  9mdLob M gds®g G9sMmgdom b653wgd mobbgdl botxoggb. 2023 fgwl Medicare
Advantage  990900L6  5@30boLGMsGOWo  Bgbsgdo  botxgdo  (Fmygdols s
508060LEBHM 5300 bty gool gOHMMO0MdS) d99mbogergdol Lsdrmswm 13%-U 995096ws s
O3B MGO00 300X IO 5093530 BP0 3o Medicare-ol dglsdsdols dshggbgdgels (Ortaliza
o Lb3., 2024).

3963dm 3530350l g0mLigams xs6a330L bgd@m®8o

0mg90056md0L 39OL3GJEH0350 b0, MBOM sMILOYYO JMM3MMOEG0EO FMMs85399d0,
396dm 3930350l goMdgd0, 300DoEs. FoMIAGOO 04gbgdgb Logmme® MHglryMLgdl (Bggwyegd®og,
LogOo™m 0639LEOEO0L IbEEMgdom 2%), 3OO0 0b39LEHMMIOOL 3530FEL (B MgdOM
18%) s 8563900l 96 Lbgs Lgbbols dodgdo 0blEOEHWEHJOOLAD s©gdve Lalbgdl (osbermgdom
80%) 3¢00603900L5 s L59350TYMBMIBOL TglgoEzoLm30L. BoMTs MEMRB0DGOL MPagl Lglbgdl,
0935 350L  450bEOL  3sLwbolidygdemds 930LMgds dgdgboer  3m33sb0sL. EHMOEOEOEO
9ma 905y MmM09bGOMGIMo  xSbs330L 33356090l  asblbgsggdom,  H®Iwgdogs
3039350006 L5dd0sbMdSL 49205396, 39MdM 353090l FoMIgdo 0b3zglGMMgdL 330MEad0sb
3930350l adMHUIbgdSL  (AmlsgMgdo dmagdom) @osbemadom 5 fgwofsdo, dgdgboero
3M03560900L  gogo3zol  goo. Im3Ig  @OHMOL  3mGOBMbGO, BoMm3gdol VIO
299330035¢0Mds @5 LoxsM™m 96350009900l MJAMs30gd0Esb  2s0mbszolo  ogsgl  dom
9335300 MHob3oLysb, MmIgmog bbgsl dmyqdsby MmM0gbEMYdME 3md356090L 53dodgdl
(Fuse Brown & Hall, 2024).

X9b6s330L 5dBH03900L gdgbs 39Mdm 3930@swol dogé 2001 Fgarls 2 dowrosMosb 2021
09l 151 30¢0sM© EMEMsdEg 2s0BsM©s (Jain o bb3., 2023). 53550500 SLgmo Bo®mIGdO
R}wmdgb 806003 460 599M03M Lss350AYmxml, 409 3mb3oll, ©s 9603369wm3s6 Fowls
1b350slbgs B3gEosEolGHMs 305dE03900©sb (Singh o Lb3., 2022).

33093900  5@oLGHMOPL,  MHMI  3gMdm  3530GSWOlL  IBWMIYMdsd X630l
509Lg0adgdHg LOLEBJIYMHO OWPIOOMO Y93 gbs 56 JmBsbos (Borsa o bbg., 2023). 396dm
3930@ 5ol 3096 9dgboe 1553508YmBM9dTo 0300 X 96330l 34853900, Fobls3MMMId0m
9dbgd0b, ®omEgbmds, bmwm 353096@gdL 9dMJMHgdsm MBOHM Fsswo Golgo: 0bxgdiogdo,
396530010399 M30  11033000sBMds. 3mb3olgddo 0BMPYds Medicare-ols bstxqdo, boerm
dmabobmMgdol  boGolbbo  ®Rgds  @sdsero, bsg Ubgs  dmygdsdg  m®mogbdotmgdmemo
©5(9L9dgd9d™sb Fgomgdom (Soltoff s bbg., 2024).

396d™ 3530350l BoM3Gd0 gJodms 3M9dE03900L 9dgbom BEOOD TMEs356r153900L dognsls
L5EIBM393M 313356090096 S BOEOE IMALEHHYMGOOL BOLGOL. 533-80 30HBOEHJOOL MOMEIbMdS
5 000M 30D0EOL POMHBOMEGDdS Tglsderms 78%-0g o0boMEML 39MmIM 3530@swrol dgdgbols
3900093. ©gM3>GHMEMROMMmO 365JEH03900, HMIMdog BoM3doL bgwdo 250530, bdoMs©
5930MgdL 9dodms MM bmdsl 05530, LodMsErm EMBOL 3MHM3500IMIPOm, MMYMMOEsS gjodol
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3bobBIBEHIO0, s BMEOL LogF3m FMALEbYMGOOL gofigzol — Jogowoms, bdoMo 3560l domgliogdo
9896300 ddmbg dmbyzms sfglgdmwgdgddo (Hafner & Palmer, 2017).

3m370056mdoL 30063030l 0bEYMsE0s XIBPsE30L MEMYBboBs30gdd0

000-0L  x9bs330L  GobsblyHo  LoliEgds  Fmdggd0sbmdsl  s9930@gdgEr  30MHMIS©
395b0boEsgl, b3 9M93MIAYME30Mo  1s935IYMBMGIOLMZOL. obgMO  bo9350IYMGBMIdO,
HMIgd03 396 SHgMbgdgb dmagdol Jowgdsl 5§Ygd0sd 3MMdEgIgdol 0bEMILEMmYIEIMOLs s
SO FMOZ0MBOL A5BsbEgdLS 03] 5MBx MDIBGOST0, M5E BodMEIMME F500 IBHYMZOL LaggMmbgl
Jabob.

0900390, 9MagPsBY  MOHOYDGHOMYPOWMTs  JNOIMOGHO0NTS  IMWGHMEmSd  Fgomfios
653m09M30v  B593500dYmMmxmgddo, M®MmIwgdog bdoMs, dmIagd0sbo goMIgdol duyoglo,
2399600056©bgb FoGronm ¥ sbo3gol LolBgdgddo, GMIMIdoE dJmgmo MHR0Mbgdol IgGIMZL
bgbgb s smsbmdom gJodls 59w98539096. dg3MTs SLgmTs LOLEBHYFST 9JoTJOMb  ASGMETs
653063960 96300L Fgmsbbdgdgdo, Mog bgwl mdwrol Fso gLlodegdErmdl, IIM)300YISE
239BsbmM3090mb  3MdB0gs. ®oyb 9dodgdol  MAgEgbmds 339 X9B©s330L  LoLiEgdgdol
05650960905, beagrem Bss3500d94mxmgdol bgarddwmgsbgumado gobsblm® Fo@mas@gosl dowoq
360H0mMH0BH AL 96039096, 39360 gJodo gobool Lsdwydsm 30MHMdJOOL, LsdmTsm JToYMBOEGOOLS
5 %9605330L JofmEndol Bo@m3z580 Bs®mwemdol 3omamgligdsl.

30bBLMEOEoMYPIMo LolBYIgoo bIocms 0Yghgdgh Lsgmmse bBobgzMo-dmbm3meore
9035690l 56L503MIM 3°053bI M 395LsbOgdOL 31535 GOS.
15535008YMBMYd0, HMIG0s FoMdgam 3mb3MMHg6GH0 56 sMLYdMOL, 12%-000 1539096 BoLgdL 0d
15535000YMBMgdOL  GgEsMgdom,  OMIMIdLsg  3MB3MMgbBHIdo  3gogm,  bmom  OHMES
b55350dgmxzmado gMHYd0sd Losbermgzgdo dgdsdg 3mb3MMIbEHIOL, Bobgdo 6-9%-0m 0HMEYds.
930mb90d0, Losg Ls9350IYMBMIdOL LogmmMgds Y439wsbg 3MBEgbEHMoMmgdMos, gsligdo
439D LHOIRs Fo@ e mdL.

530656LH 9539dEH0BMBSBY 8339000 59396G0 890603690 LabEroghHm MMA60B3090050
38OWOMGONME  %bo330L  @IhglgdMEgdgddoE.  933-0L wAlbgowrglds  3omME03MTs
3653390300 155350TYMBMIBOL Jugerds, GMIgEog 51 LssgsIymgmbs s 1000 3erobogsl
9m0393L, 39653FOMIIOL 935¢ IGO0 0BLEHM™MJ30900L TGutrmeEgds 353095E9d0LY0
35JL0ToMMHO  MEBHGBIOL STMLOMGBIE — Fom TmMOL 03 30MMeQbsE, OMIWGOLOE IOSEIO
399mbogeols 30dm Mg3slier dmdbobm@ads 9310036Mo0m; 535LMOD, 3oEgdol s0mAMgdo 3mddsbogdo
39305 936066 Yoobg 353096390 (Silver-Greenberg & Thomas, 2022).

33900 35Ol 53MPIBOL  3MOIBHOZS BIOMM®  SMOL  FO3MEIWIOMEO  OHMYMG 3
365309603099, 0y 3MmIRgd06 LBgEOEObM sFglYdYMdgdT0. SLgmO Z5¢gdO LYMOMDHBYYOE
0D05bgdl  353096HOL @O DBEWMEOgL T TJLodGdEIMBIL, BMTogz5¢do  33eeg F0TsMHOMD
15390(306m  FMALEBYYMYOSL. Forgbgsgs 0dols, MM 153gEOEObM IZ350sbgds Yzgusby
bdoMs@ s HM3939 306MHJAL gbgdom, 39MdMm EsBM3930L AJmby BEOEILGME™s 10.5%-053 396
39dem 15990 E0BM QoEILEbIEIdOL oxkgsM3s (Kluender s Lb3., 2021).

dmdaq0056mdsBy  MmM0gbEBH0MmPMds LG0T Mgdds  sbggg  960dzbgErmgzsbo  gogargbs
dmsbobs 59960370 X9bBE330L  0BROLEHMMIGHMGMOL  gobsfowgdsBy.  BobsblimMo
3mlsHMPOYO0m  2ob30MHMBGOMTs  1o9350IYMBMgdoL  FG830MJdsd s IBNMEMIST  FMOIZSWO
bemgws d3bm3MH g0 FmlisbEgmds sEMm3s LsddMdOsGM BBLObwIMgOOL go09Ty, bragrm BmyogMo
930mbdo — LogMnME LEBIEOMBIMEo 1589O30bMm EIbTsMYOOL A5M9TY. 53539 EMML, sbaero
063509960 35MHEOMEMAOMOH0 25bgmzogdgd0 MRM® bdoMs oblbgds 08 LvsgzsIymamaddo,
MO0Iwgdoz ¢339 Loogobmdgb 90 Fomoerdgdmlogosh  8mdlobmGmgdgdl, 30Mg  od
A960GH™MOM0gdDBY, LOWIEG JOOOMEMYPOYMHO IBTMYIOL LdFOMMYdS H9305YMBOWYBJE0s. T3~
ol sds0o Ggdmbogaols 8Jmbg «d36930lL bobgzsmlL 56 g3l 0bEIBLOYYHO MIMI300L JobymBOYds.
b5 MQ0MEs,  155350IYMBMYd0,  MMIGdo3  MIIGHIVOE  sBOMSTIMH03gw  35:3096GJOL
9aLobmE®B056, LodwmowmE Bogergd LogMEgL, SMFMIMZOEIMBILS s FMALIbYMBIL LmgzsHMdID
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bbgo afgbgdr)engdgdmsb 99sMgdom, Mo sbobogl 93 3530963HJO0L B b 9GSl 3dotOl
530656LHYO 565BIMEMGBL X 9B330L LobEYTsdo.

X9605330L 303030l (33¢0egdgd0 588-80: B50g60es6 FMs9359¢0]

36M90gbEHTs XM 350009635 459gds Mbse E®MF30L 306390 L3MIBOIBE ™ 350l
3960m©d0 39G9MOMo X6IOMIMOOL 3mo@03ol 439w sbg 93939 BmIgool bsfforo. 533
baobs 495193600560 X 9bso3zol  AmREom  Mm®ABoBIGosLs @S 3sM0BOL  JeodsEol
3900bbdgdsdo, s1s939 90 3608369wM3z960 FoMgdmlisEz0mo s IOMIomo X BTG MdOL
53301 M9AMEs(30900. B50EIboL 5T0bOLEHME0T S1g3g Fo9T3sMmmM3s Medicaid-ol sBIMZs
Q505¢0 993mbogerols dJmbg ImbsbEgmdolbmzol s gobs®ms Ldloogdo 3gMHdm Lowsbzgzm
3923900Lm30L; s0fHym 90035996@gd0L Babgdol Mgameomgds Medicare-ol gotygddo (0md3s
9 99BOMEME  Mom@gbmdol  3M335MsGJol  dggbm). odzs  SOMOEOL 3900035996 gd0L
A9wgdgoEobol  gbom  godmfigms, 9853  9600369wm3bo  goordxmdgls  sdMME Y
bgdobsHzmImds, 256Ls3MMm9d00 00 8BGO0, LG SOMME0 SIMHSWMEO.

baobs ©sdMMbgdol 9999y, 3M9BoIbETs GHMed3ds LHMoxgs© goswgdds dsowgbols
30E030L  d0Mome©o  J0dsM0gdgdo s  Fedmofym  sbowo  Tg@gzgdo  393boggdol,
390003060 s X9bE30L Foboswdwgy HmamE 3 $88-30, 0l FEPMBIECE EMbyby.

2025 fierol 03eobdo GHMsd3ol dogem bgadmfg@owo bsdoxgd™ Jobmbo smo farols
3960530 md580 990 Bo05MHEO  MWLM00 58306090l Medicaid-ob  ©sB0bbLYdSL (s 300
00560 EMEIMOD — 350 F9ambsgols dJmbg 306gdolm30l gobzmmaboe Laby@lsmm
©ob3oMgdsls),  Goms  3m3396boMgl  owswro  Fgdmliogeol  ddmbg  $89Mm039wgdolm30L
15200BObOEM FYeg35mJO0m A5FMF39ME0 BOIXIGHMOO ©D35MAJd0. BOIMEO LEdO)XIGH™
f9bgdol 950m, gl Fobmbo sTsEgdom 490 FoE0OSMEO MMM SF30090L Medicare-ols
530656l gdL. F9ga9©, IMboErmEbgwos, M@d 10 dogrombo 530560 sBM3930L A5¢9TY
©MBgds (300093 5 Foombo ©H39MR3L IRsMZsL Affordable Care Act-ol Lwmdlogogdol
299990900L  498Mm), Modsg qLoderms  godmofizoml IMmsgoo  Bssg5IYMABMLS s  Jerobozol
©bM3s,  goblogMmEmIBom  LMBELE O VIO LemEoswmmo  BEIGMLOL  dJmby
9mbobargmdolmgols dmdbsbwyhg Mgaombgddo.

90530005, I0530Mds0 2026 gl 25 Fo0sMH©OO MO0 QoBoMs Medicare-ols
239005500 3M035@0bgdwo Medicare Advantage 2930990l 8035M®, GOMSE JOWI3 MBO™
230D5M 99339 3MLGOE0 BT B0 965BLIMMads 53 3930900LmZ0U.

Affordable Care Act-ol 35B690%g 99d9b0o LwdlooMgdEo 39MGAM sH®39g30L Idmby 20
30@0mbo 50580560LMZ0L, 3MbaMgliol dogM do0IHOL LXyBdlinEOYBOL SMRYRMIJGdS A5TMOfH393L
X 000056 290slobgE0 3619800L ssbEPMGd0m 75%-056 BOI. sligz9 FmLserm@bywos 3Ggdools
DM 39Hdm EsBM3930L dJmbg 3oMms MIMSZ3ELMBOLMZOL, MY LoEsBLzgzm JMIZsbogdo
3993090006  565DEsHMb  dmbogrmEbambyg Fomowo Lsdgogobm bstxgdom  dsdmfizgoycro
dmaq00L dgd3oMgds.

X 965(330L 3035605 MHMBYME) 39690D 455Jds 350339990 3593006900L H93MmIgbEs30gdO,
653 LOEsBW393Mm 3396090l sdeg3l gliodEgdEIMdLL Yoo 09356 8500 ORObIBLYdSDBY s
bobxo 353096390Dg 250050@bM™b.

G®5330L 93536085 LBO0BOYMOF0M 3M0G0358 1339 3999(3935 3gMLMbIWOL WIROEFOGHO WS
53M305 X965(330L FMBLBNMEGGOOL fY39¢™dS. 583-Fo LGOI 3.4 Fowombo KX sbs(330L
999095300056 1.1 Boombo 56 MOl dmgowwsdg, s Fméol 55 802 gdodo o 148 445
©930LGH0MOMOo gjmsbo (Azaroff s bb3., 2025).

5096030L  X9bB330L  3Mm0GH0358,  OMIgwog  sofrgrgdol 9633w mdsdo
ROOISMOIO 050600l Mbowsgzo  bgwol® wmyozdsl  dobgzws, 3MomMoGIGHO  Fosbods
0639 MO B53MNMGILL. g 3MoG03d Lvmsgzgl 00gdl 1971 b, GmEglsg 3M9B0wgbEdS
Bogbmbads Bsromgoo BOwb3ol (managed care) LEHMIGJR0S BYMYs. F9IR© BITMYSWOdES
X9bs330L Lol ds, MmIgwo dsmxzwomdo Yzgwsbg dz306005, MWIEs KIBIOMYHWMdOL
390929000 300093 MBOM BIMMBYdS bbgs dowowro dg8mbogerols 8Jmbyg d3994b90L. 9539J@0sbmdols

86



Boggao,  8magdsHy MmM0gbGHOMgdmEds @my03sd  FoMdmdzs  3039MHEGMMBOMIdMEO
0050M39MIOMO  5350M5@0, OMmIol  dogrolbdgzsg 9035M00s  sbgsModagdol bMEsby,
350500 900l I Esbo LgMzoLgdol Fo83sMMMIdIBY s 00 3530953l M3006 sMHOEIBsBY,
O@dgms  bsdgogobm  LsFoMmmgdgdo  ,0M53mgMO3E0ws“  dooBbggs. ogl gL
330boLEBMIE30wo  3M5JBH03900  X9BIE30L  Loghmm  babxqgdol gMom  dgbedgBg dgBL
doobmgogls.

30E03mbgdol 0530b:RBswo BsBOOL MOGHMM0350 dgbowds Lobgwdfoxnm Jdgwpgdgdo,
O®IWgdoE  3M3mOOE0E  Imagdsl  8ggbgdl X sbIMMgEMmdsHg Fob o oolsbaols
200053bgEgdlL 530LMgOL LobiEgdol doMomsE BobsBLMEG GHzoOmML. dobgsgs 0dols, GHM™I
39O  mbgbg 35083bgemgzsbo  Foblgas bs3zwrgds  mbsermebgmos 3M9BowabE
G930 3056039 MdOL 300:MdYdT0, (350039 IBOGIOL 99300 Fglsdegdemds gobsbm®Eogemb
396dm  3930G0ol  d0gh  x9bo33ol  @sfiglgdergdgdol  dglyogqdols s dmaqdstHg
6096¢0M9390 1539MEMHYOOL JgBLVMO3IS S MYYMLOMIDS.

X9b6o330L  LoLEBYIol  3OMdEgIgdOL  boddodg dmombmgl  99M03Mwo K 9bEOE30L
3003030l BMBsdgbGH e  asibgEazsl.  3mIgME0soBIEo0LYD  Fomegz0LEEgdmEo
960360 xBIOMgEmdol sbm3zgzs - 9.. .Medicare g4zgaslomzolb® — 960dz6gwmzboo
995030609005 BobsbLO d5M0gMBOL LsIgOE0bM EIbTMYBsBY bgwdols(zmdmdols yBsby.
9615350 33935, 350 G0l 58T-0b 3Mba@LoL LodoXIEH™ MmBoLoL Jgx3slgdgdo, SEIBEGHVIMIOL
gm0 GHIRMOIoL Bobsblye ByMOEMBLL: IBMZYZLMB ©H39380MJOME BOWOMIMIBH0SDY
g4m39fom®me©  sHMA0Mo  SMBOm  FOWOsMPO MO0 LML  0SEIBLYdS
QORBIOHZ0L 25RBIOMMIIOLS S Q9mTxmdILGOOL bobrxqdl.

09939, 3963dm 0b639LGHMOWWo LogmmMgdol BOELT, sLgzg 9M93MmIgMEowWE Lgd@m&To
30BLME0Es(3058 S FMYgOsbY MM0gbGH0MYIMITs 36M5gdE039005 9339 oL 930 89ddbs, Loog
dbmemE  4osbol  99doboBdgdol  HgBMETs  s0sM  SGOL  Lo3dsMolo —  SMEOWGIG0s
dmadbobmMgdol  dofimgdol  LobGgdol  LogMmMIdoL  LAHOMIGHMOHOL  49IbIEIE3.
1553500YmBMBOLs s bbgs s®LYO0MO K 9BEE30L 0bLGHOGHWGHIOOL F0BbYdo s FsmrMZs bes
23960L5BOzOML BsHMYPSMIdMH030 0bEHIMILIO0M I 5Ms IMPgdOL JmEH0Z300.

080-0L 965953990960 XoBO330L  LoLEHTs  Loxs®m  3meo@03gdds dgddbs. doLo
209mbFMOGds IMoMbM3L M903o MM goblbzs39dw9e 30 E03w6 JoymIgdL.

2990g9bgdEro o GBIOGOS

American Hospital Association. Fast facts on U.S. hospitals.
https://www.aha.org/system/files/media/file/2022/02/Fast-Facts-2022-Infographics.pdf

American Medical Association Division of Economic and Health Policy Research. Competition
in health insurance: a comprehensive study of US markets. https://www.ama-
assn.org/system/files/competition-health-insurance-us-markets.pdf

Aldridge, MD. (2021). Hospice tax status and ownership matters for patients and families. JAMA
Intern Med. 181:1114-1115

Anhang Price, R - Parast, L - Elliott, MN - et al. (2023). Association of hospice profit status with
family caregivers' reported care experiences. JAMA Intern Med. 183:311-318

Azaroff, LS., Woolhandler, S., Touw, S., et al. (2025). Deporting immigrants may further shrink
the health care workforce. JAMA. 333:2018-2020

Borsa, A., Bejarano, G., Ellen, M. et al. (2023). Evaluating trends in private equity ownership and
impacts on health outcomes, costs, and quality: systematic review. BM]. 382, e075244

Cabin, W - Himmelstein, DU - Siman, ML - et al. (2014). For-profit Medicare home health
agencies' costs appear higher and quality appears lower compared to nonprofit agencies. Health Aff.
33:1460-1465

87



X965330L 303035, 930bMT03s s Lmgomemyos 2026 10 (1) Health Policy, Economics & Sociology

Centers for Medicare and Medicaid Services. National health expenditure data: historical.
https://www.cms.gov/data-research/statistics-trends-and-reports/national-health-expenditure-
data/historical

Cohen, RA., Briones, EM. Health insurance coverage: early release of quarterly estimates from
the National Health Interview Survey, 2023-September 2024. National Center for Health Statistics, Feb
6, 2025. https://www.cdc.gov/nchs/nhis/early-release/health-insurance-coverage.html

Devereaux, PJ - Heels-Ansdell, D - Lacchetti, C - et al. Payments for care at private for-profit and
private not-for-profit hospitals: a systematic review and meta-analysis CMAJ. 2004; 170:1817-1824

Dickman, S., Mirza, R., Kandi, M., et al. (2021). Mortality at for-profit versus not-for-profit
hemodialysis centers: a systematic review and meta-analysis. Int ] Health Serv. 51:371-378

Eichenwald, K. $100 million settlement seen in Tenet suits. New York Times, July 30, 1997.
https://www.nytimes.com/1997/07/30/business/100-million-settlement-seen-in-tenet-suits.html

Farmer, B. Hospital giant HCA fends off accusations of questionable inpatient admissions. KFF
Health News. https://kffhealthnews.org/news/article/hca-hospitals-admissions-accusations/

Fuse Brown, EC., Hall, MA. (2024). Private equity and the corporatization of health care. Stanford
Law Rev. 76:527-596

Gaffney, A., Woolhandler, S., & Himmelstein, D. U. (2023). Century-Long Trends in the
Financing and Ownership of American Health Care. The Milbank Quarterly, 101(2), 325-348.

Hafner, J., Palmer, G. (2017). Skin cancers rise, along with questionable treatments. New York
Times, Nov 20, 2017. https://www.nytimes.com/2017/11/20/health/dermatology-skin-cancer.html

Horwitz, JR., Nichols, A. Hospital service offerings still differ substantially by ownership type.
Health Aff. 2022; 41:331-340

Jain, N., Murphy, K., Klingan, F-R., et al. (2023). Healthcare private equity market 2022: the year
in review. Bain & Company. https://www.bain.com/insights/year-in-review-global-healthcare-private-
equity-and-ma-report-2023/

Kim, D - Meyers, D] - Rahman, M - et al. Comparison of the use of the top-ranked cancer hospitals
between Medicare Advantage and traditional Medicare. Am ] Manag Care. 2021; 27:e355-e360

Kluender, R., Mahoney, N., Wong, F. et al. (2021). Medical debt in the US, 2009-2020. JAMA.
326:250-Brenan, M. (2024). View of US healthcare quality declines to 24-year low. Gallup.
https://news.gallup.com/poll/654044/view-healthcare-quality-declines-year-
low.aspxDec%206,%202024

Landi, H. CVS expects to close Oak Street Health deal by July as acquisition clears regulatory
obstacle. Fierce Healthcare, March 31, 2023. https://www.fiercehealthcare.com/payers/cvs-expects-
close-oak-street-health-deal-july-acquisition-clears-regulatory-obstacle

Li, Q- Trivedi, AN - Galarraga, O - et al. Medicare Advantage ratings and voluntary disenrollment
among patients with end-stage renal disease. Health Aff. 2018; 37:70-77

Mattingly, TJ., Hyman, DA., Bai, G. (2023). Pharmacy benefit managers: history, business
practices, economics, and policy. JAMA Health Forum. 4, e233804

Medicare Payment Advisory Commission. Report to the Congress: Medicare payment policy.
https://www.medpac.gov/document/march-2025-report-to-the-congress-medicare-payment-policy/

National Association of Insurance Commissioners. US health insurance industry analysis report:
2021 annual results. https://content.naic.org/sites/default/files/2021-Annual-Health-Insurance-
Industry-Analysis-Report.pdf

New York Times. $395 million payment to settle unnecessary-surgeries suits.
https://www.nytimes.com/2004/12/22/business/395-million-payment-to-settle-unnecessarysurgeries-
suits.html.

Ortaliza, J., Fuglesten Biniek, J., Hinton, E. et al. Health insurer financial performance in 2023.
KFF, July 2, 2024. https://www kff.org/medicare/issue-brief/health-insurer-financial-performance/

Raoof, M - Ituarte, PHG - Haye, S - et al. Medicare Advantage: a disadvantage for complex cancer
surgery patients. ] Clin Oncol. 2023; 41:1239-1249

88


https://www.nytimes.com/2004/12/22/business/395-million-payment-to-settle-unnecessarysurgeries-suits.html
https://www.nytimes.com/2004/12/22/business/395-million-payment-to-settle-unnecessarysurgeries-suits.html

Silver-Greenberg, J., Thomas, K. (2022). Profits over patients. They were entitled to free care.
Hospitals  hounded  them  to  pay. New  York  Times, Sept 24,  2022.
https://www.nytimes.com/2022/09/24/business/nonprofit-hospitals-poor-patients.html

Singh, Y., Zhu, JM., Polsky, D. et al. (2022). Geographic variation in private equity penetration
across select office-based physician specialties in the US. JAMA Health Forum. 3, e220825

Soltoff, AE., Unruh, MA., Stevenson, DG. et al. (2024). Caregiver-reported quality in hospices
owned by private equity firms and publicly traded companies. JAMA. 332:2029-2031

Schrier, E - Himmelstein, DU - Gaffney, A - et al. Taxpayers' share of US prescription drug and
insulin costs: a cross-sectional study. ] Gen Intern Med. 2024; 40:1325-1332

Thomas, P. Psychiatric hospital group to pay record fine: $379 million assessed after guilty plea
in 3-year federal probe of fraud, kickbacks. Washington Post, June 29, 1994.
https://www.washingtonpost.com/archive/politics/1994/06/30/psychiatric-hospital-group-to-pay-
record-fine/320a2bac-815d-4ac8-ac2f-4818c3aaldct/

US Department of Justice. Largest health care fraud case in U.S. history settled: HCA investigation
nets record total of $1-7 billion https://www.justice.gov/archive/opa/pr/2003/June/03_civ_386.htm

UnitedHealth Group. 2024 annual report.
https://www.unitedhealthgroup.com/content/dam/UHG/PDF/investors/2024/UNH-Q4-2024-Form-10-
K.pdf

US Department of Justice. Hospital chain will pay over $513 million for defrauding the United
States and making illegal payments in exchange for patient referrals; two subsidiaries agree to plead
guilty. https://www.justice.gov/archives/opa/pr/hospital-chain-will-pay-over-513-million-defrauding-
united-states-and-making-illegal-payments

US Department of Justice. DaVita to pay $350 million to resolve allegations of illegal kickbacks.
https://www justice.gov/archives/opa/pr/davita-pay-350-million-resolve-allegations-illegal-kickbacks

89



X96@53330L 3m0E039, 13MmbMB03s s Lmzomemaos 2026 10 (1) Health Policy, Economics & Sociology

a X 965330L 3M0E035, 93mbMT03s @S LMEFOMEMYOs

e’ Health Policy, Economics & Sociology print ssn2960-9992

33349600k J6NIIALNBIBN

CAUCASUS UNIVERSITY ONLINE ISSN 2960-9984

395-3 3bodmgzsbo 8553900 g331gbs ©BI-ol AgmooMgdsbg d+gsbbols slsszols
Joengddo: s6mgdols Lsfobssmdgam 98GOl 9309693 03mMo dgdsboBagdo
The Impact of Omega-3 Fatty Acids on DNA Methylation in Midlife Woman: Epigenetic

Mechanisms of Anti-Inflammatory Effects
d- ' https://doi.org/10.52340/healthecosoc.2026.10.01.6

J909396 Bs3@05330¢00!
Ketevan Shavliashvili'

1890003060 B53MwEH9E0, MdOwOoLOL Lobgudfogm Mbogzgmlo@g@o, MOdOEoLO, Bods@mgzgum
'Faculty of Medicine, Tbilisi State University, Tbilisi, Georgia

aketevani.shavliashvili@med.tsu.edu.ge

BLBHMIEO

dglssg5¢ro: Fo9obbols sbv30L Joergddo 3mEMmAMbMo (33e0gd9d0, JOHMboZMwo Bmgds o
93039693H03MM0  @dIMHIBOL  9BJeMgds  gMMMBE0Z5©  BOOL  39MEOMTYESOMEMO,
BgomMm©aa9bgMsEommo s  3sbfymdol  oM3g39d0L  MHoL3L.  ™dgYe-3  MAYEIR5FZ0560
3o gMo 3bodmgsbo 8753900 (LC-PUFA), 3g@dm@ EPA s DHA, asbobowqgds HmymMs
396L399E 00 3MIRGIMT3MEMA0M0 0bEJMZ9DE0s IM935¢MBOBO BMgdOL Lsfiobsswdwgym
5 9303969303960 9839dHJ00m. 3goMEYBO: R30S b3MIsEH0MEO oEIMsEGHMEMOL Jodmbogs
PubMed (MEDLINE) s Google Scholar 35%9230 2020-2025 {jengdol 3g600mobmgzol. 30:om®mo@g@o
9096035 5005905690 Bo@oMgdwe 3c00603796 33¢09390L. 899a900: M3gs-3-0b Lvydagdgbdsos
0f393L m3ML-L393E0B03MMo ©BI-0l TgMOEoMIOOL (33¢0EgBPL 3gMmoRgMHoMEo bolberol
dmbmbw3ago®ver M ®ggddo, 2sblozmmId0m 030EWEOHO 39E9dME0bBTols s 03MbyHo
3sbgbol 2969080 (24,842 oxgM9bEowWws© dgmowo®gdmwo CpG bso@o). gl 9303969303960
0m©0x03530900  bmMEogeEads 300306  sbmgdol  Lofobssmdgam  91399@gd0L
3565¢qeyM50: NF-kB B0l 0630806905, NLRP3 06g3¢0505L08sb Bobdmds s B3g3Eoswobgdmeo
3OO BM3009090  905GMMd0L  (SPM) §o@0dmgdbs. 99bm3smHol mml  gbGMmaqbols
356065 5M©393L ©b3-890EEHMIBLGEIMsBIo0L (DNMT) 59303MdL s §bMaqbwyMHo Mmdgas-3-ol
00mbobmgbl (FADS 9496900l ©sd3g0mgdom), Mg Jdbol "300@03ww 3obxs®msl" gabmaqbmdo
03935-3  L¥Y3gdgbBo0olbmgol. oli3ghs: ™sbsdgmm3zy 33wg39d0 bSOl MFgML ™Igas-3
3b0dmzsb0 553900l 0bEFIRMIE0L 30M39e@O X9BEIE30L Mbybg, MmymMs cost-effective
30939630 LEAHMGHIROL.  MIEs,  MBEMIOHIdMEO  3MBGHOMEWOMIOMEO  33¢93900,
H@Igdog L3930 Bm3Lo®mgdmmo 0dbgds 93039693036 B90ga9d%g 896Mm3smBMH
59080, 33003 0T0GHOMDME0S.

@ 0

! © 2026 by the authors. Licensee Health Policy, Economics and Sociology. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license
(https://creativecommons.org/licenses/by/4.0/).

90



1553356dm Logyzgdo: ™mdgas-3 3bodmgzgsbo 0993900, ©bI-0l dgmowro®mads, 93039693039,
09bm3sgbs.

93m3960MmgdMmo  30G0MYds: 530053300 J. (2026). ™mTgys-3 3bodmgsbo 853900l
2393wbs ©b3-0l IgmoEo®mgdsBg Frsbbols sbszol Joergddo: s65mgdol Lsfobsswdgam 9z39d@0L
9309969303600 894560B0g00. %6330l 30039, 93mbMT03s s Lmomemyos, 10 (1). DOL
https://doi.org/10.52340/healthecosoc.2026.10.01.6.

Abstract

Introduction: Midlife women experience a convergence of hormonal decline, chronic low-grade
inflammation (inflammaging), and accelerated epigenetic aging, which together increase the risk of
cardiometabolic, neurodegenerative, and mood disorders. Omega-3 long-chain polyunsaturated fatty
acids (LC-PUFAs), particularly EPA and DHA, are considered promising non-pharmacological
interventions with multi-level anti-inflammatory and epigenetic effects. Methods: A narrative literature
review was conducted using PubMed (MEDLINE) and Google Scholar databases for the period 2020-
2025. Priority was given to human clinical trials. Results: Omega-3 supplementation induces locus-
specific DNA methylation changes in peripheral blood mononuclear cells, particularly in genes
regulating lipid metabolism and immune response (24,842 differentially methylated CpG sites). These
epigenetic modifications occur in conjunction with direct anti-inflammatory actions, including NF-xB
pathway inhibition, NLRP3 inflammasome suppression, and the production of specialized pro-resolving
mediators (SPMs). Estrogen decline during menopause disrupts DNA methyltransferase (DNMT)
activity and endogenous omega-3 biosynthesis (via FADS gene downregulation), creating a "critical
window" for exogenous omega-3 supplementation. Conclusion: Current research supports the
integration of omega-3 fatty acids into primary care as a cost-effective preventive strategy. However,
randomized controlled trials specifically targeting epigenetic outcomes in menopausal women remain
limited.
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9glsgsgro

Fo9obbob sbogzo s gbm3smBol 3gMHoMm©O Jogrols 3BMzMdsdo [o®TMoygbl 3H0EH0 3w
239M0GH  gB3L, OMIgog bsbosmEads sGs  TbmermE  HI3OHMEWI30MEo  gobdzool
399939300, 56539 M5 LobBHGIMOHO BODBOMEMYO0MMHO (330EgdId0m. gU 39MOM©O 8F0MMO
5MH0OL 5353000300 guBHMMYbol MboL 3330006 35MEBILMD, oG 30MHPO30M SOLbYdS
99BHOOMENEM,  350E0MZL3ZMEMME s 633OMEWMY0ME X IbIOMYEMDIBY. BsTgEM™3Y
L5d9EOE0bM  WOEGIMGMESTo  ©533300M©s GHYMIobo ,,06x3wsdgoxobyo" (Inflammaging) -
3153096 ©539300MGVME0  JOMboZMEo, dswo bsMOLlbol LolEgdnmo bmgds, MMIgEos
996m359Dol M™L 3093 MO 06EIbLOMO begds (Rogula et al., 2023). 3a00bozw®o 33093900
5Q3bGHMOIOL, GMI 5©0bodbmo  Bmgdomo gmbo BOEOL oLgMmo  ZsMMEIMA0gdoL  MOLZL,
HMAMM0E9 39EH9dME©OHo Lob®MTo, 3030 2 0sdYE0, FE-LOLbEIsMHPIMS V9350JIJOO s
3Mabo@MMo 1630900l odzgomgds.

50 3500MEMmP0MGO0 3MM39LgooL boggmdzgurdo dEYdSMYMBIL Jmerg3meEryMo dgdsboBagdo,
LooE §999Y3956 GMEl 05359mdL Mmoo LEHMILO S 3OMbmgdomo god™m3zobgdol (IL-6,
TNF-a, IL-1B) 8m8s@g0wo 36m@daos (Woods et al., 2024; Malutan et al., 2014). 009935, dme
figdob 33wg390ds 3930339005 30093 NBOM @M, §303969(H0INOC OIFIWsEEoL EMBY. 3gHdm,
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©b3-0l dgmogomgds, 930396930300 FMmEOGOIsE00L JOMN-9HMO0 Y39 sBg LGHIVOW MO GmMIs,
§o60Mmoaabl 296900l gdu3Mglool Mgamwsgool Mmabodzbgurmgzgsbgls dgdsbobdls (Wu & Zhang,
2014). 993360969%0 L WRGM BIoMs 094969396 ,,9303969G03MM0 Lssmol" (Epigenetic Clock)
36398305, MMM BOMELMAOMEOO 1530l S 93500JO0L HOLIOL MBGM DYLE 3MgE0JGMOL
(Horvath & Raj, 2018). 05009360005, I 396m35mBs sbmEo®mgdeos 930396930360 sLs30L
9Bdo0gdsLmsd, Mog F0mmomgdl 30MHEs30M  393060Bg 3mOIMbmEr LEGHGHMLLs s ©bd-obL
990000300l 3OHMmBowl dmeol (Levine et al., 2016).
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05035, EPA @5 @m3mbodgduogbol 05035, DHA) goboboergds, GmgmMs  390OL3gd@Eomero,
30593503530 MA0M0  0bEMZ9bE00L Lodw)oEgds. GHMIOEOMES© 3BMdOos Fsmo HMEo
wxOMJOL I9adM6oL BEBHMNIGHMEGOL gbseBMBdsdo, ByoMmIgosEosls @s 0dMbyMo 3slmbols
dmmsaosdo (Calder, 2017). 0939, dmEm s0fengmerol 3360939005 259Moge0bs Mmdgys-3-ob
MBsM0, 253cgbs Imobobml 93029693037 3MM39LgdBYE. 9OLYAIMOL 3B 30(390EdJ00, MM
0925-3-0 J0©gdsl 9g9deros FgEzseml sbmgdolimsh ©s35380MmPRo g9b3dols BgmoroMgdol
BGOGHMLO s 3Fgb30IMo® FJobgrrml 93089693H03M0 IBYMGOOL 3Mmiglo (Frankhouser et al.,
2022; Ma et al., 2022).

d0bgo3s5  0dols, MHMI  3owzgMewo  89dsboBdgdo  Tgufhogaroos,  Ladgibog®m
WOoGIMGMmsdo x9M 300093 SMLGIMBAL LgHombBMo botzgbgdo. 390dm, b53wgds MOl
d9gLfogwowo, oy Go B39E0B03MNMO  293wgbs 5d3Lb  MPgys-3  3B0dM3s6  By5390L  ©BI-0L
890000 d5Bg 31b3MGHEo® Fbbol s gbm3svBMEmO sb530L Joegddo, Losi 3m@Mmbmwo
gmbo 933900605  9933wow0s.  Hobsdgdsdg 33930l dobsbos  sMLGdIMEo  LadgibogMm
@o@IMGHMMOL (dmem 5 ol dmbsgdgdby woyhbmdom) Low®mdolgmwo sbseobo s
Lobmgbo, Goms  QsdM033900Ml  MIge-3  (3bodMm3sbo  Fgogz9gdol  Qo3wgbol 9309693030
3995603900 ©b3-0l 8gm0EMGIIBY Tmobbol slsgol Joergddo s Fgg3sliogl dosmo Gmeo
B3OSO X 5b330L 3M0E035d0.

330930l 59m3569000:

03929-3 3b0dM3z960 T553900L 6MGdOL Lfobsomdgam dgdeboBdgdols dglhogars (NF-
kB, NLRP3, SPM);

©b3-0l  BgmoE0Mmgdol 3OHMELYdOL @S 93039693H03IM0  IBYMJOOL  bsgrobo
396m359Bol 3mbEgduEdo;

30OIMboeMo  UAIGMLOL  993gbol  9gg3oligds  mTgas-3  dg@sdmEoBdls o
9303969G0309O HIYIWo305DY;

310603960 @ MBI MmO X 96330l 19309630900l GMEOTMWOMGDS.

3900MEMEMY05

§0b65800gd56Mg b53MMI0 FoMdmoagbl boGo@owmo ¢o@gMo@ Mol J0dmborgsls, Hmdols
30Bsb0s 5OIYdMEo Ladg3bogMm 833039099 gd9d0L LoLEJToGMO 650D MTgys-3 bodmgzsbo
05539000 253w 9bol Gqliabgd bd-ol IO oMgdIbY s SbMYBOL MHYMEs30sBY rysbbol slszol
Joegd80. Wo@gMs@d«mol dogds asbbMmMEOgw®s MO 003560 gargd@®mmbmen 35%Hsdo: PubMed
(MEDLINE) s Google Scholar, ®Hm3gdos §omdmaygbgb Lsdgwmogobm s domlsdgwpogobm
33193900l y39msbg Lobm s ymzeolidmdEgger M93mboGm®mgdL (Snyder, 2019).

Lodogdm  3MmEgbo  MmMm0gbEGMGPRMWo ogm 99990 doMH0MOO  BIMTobmemyom®o
300306530900l 459mygbgdsby: 30Mz9gwso Bs3zsbdm Lodyzgdo ("omega-3 fatty acids", "EPA",
"DHA"), 9302969303960 096390900 ("DNA methylation", "epigenetics', "epigenetic clock"),
3313000 3m3mbo ("menopause”, "perimenopause’, "midlife women"), s 9gdsbobdmHo
x3m3mbo ("inflammation", "NF-kappa B", "cytokines"). Lsdogdm b®o@gaos 93499693ms dmeng3w9®
3965390l (AND, OR) o5 MeSH ¢6®30b9gd0l 359mgqbgdsls PubMed-8o (Bramer et al., 2017).

dogds  3M0MMOGIGHMES  dMm03o3s  dmerm 5 ool qobdsgammdsdo  (2020-2025)
3°90d39969009 LEoGogdl. PubMed-8o 359mgnbgdo9e 0gdbs 999090 Bow@GMgdo: Species: Humans;
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Sex: Female; Age: Middle Aged (45-64 years); Article type: Clinical Trial, Randomized Controlled Trial,
Systematic Review. Bs®r30l 3003960010900 9m0(353005 336093900, HMIgd03 8gLHegerosb mdgys-
3-0l 3930061 ©b-0b JgOEMmYBILMD, §303969EH03IM L0 96 96MYdOM BOMTMIGMGOME,
303LoMGOMEo 0y Foebbol 96 99bm3smB®  Joegdbg o 390md399bgdmeo  oym
693060090 FMboergddo. bryen AsBbomE 0dbs ssbEMmgdom 60-70 Lsdgsboghm LEGsE0s,
L50QObsE OB Mgdom 30-35 goMmBS YEBHIMEMO 965EOBOLMZOL.

8993900

1. m0999-3 3b08m3560 353900 s s6MJd0O LobsErMMmo gbgdo

1.1 903025600980 dg9s8memobdo s 5603980l (g8wyemszos

™3999-3 9MdgexsF30560 3mwomxgmo 3bodmgsbo 9703900 (LC-PUFA) §omdmopqbgb
Mx 9ol 39306560l BmbgmE030qdol 360E039w LEHMMIGMOME 3mA3mbgbEgdl. EPA (20:5
n-3) s DHA (22:6 n-3) do60ms@o@ 093B0ob Bgomobs s Dwzol 360ma@d@gdosb 800wgds. 8smo
00MEMPO0YMHO  5dBH03Mds  MJoE0DBEYds  MdEIbodg  39MoErgEry®  dgdsboBddo: MmOl
09306560l Lombol IEyMTsMGMOOL IMPES309, 29699H0 gJldMgLool MHYYLYIsEOS BOMMIEO
69393G™M9d0lb (PPAR-900, LXR, RXR) 9993900000 @5 sbmgdomo 30mEgligdol dmmemssos
903005600980l Lobmgbols Embgbyg (Calder, 2017).

30b03MOO 56mBOMO 3935000 0fYgds 3MIHOMBOL Fz535bmsb (AA, 20:4 n-6), HmIgeEros
2409m0ygmgs 39806960l GmlggmE0300gd0sb BGmlgmmwodsbs Az (PLA2) 96%0odols dmddgpgdoom.
AA mdboggbotmgds bsdo doMHomso gbbodwmo LobEgdol d9dgzgmdom: 303w mmdlogqbsbgdo
(COX-1 s COX-2) Hocm3mgdbosd 3OrmliGoywsbobgdl (PGE:, PGD:) s 000Hm3dmdusbgdl (TxAz);
@o03mmduboggbsbgdo (5-LOX, 12-LOX, 15-LOX) §o68mgdbosd wgozm@®mogbgdl (LTBs, LTCs). AA-
b 300100 go3zmBIbMOEIdO JOMOMOIE ™06 dMmobogdomo: PGE: s LTBs BM0sb
3903990569 459 FMMOL, Jgdm@ogbobls s 330300l MgiE9nEosL (Calder, 2013).

GmEgbsg EPA s DHA 06393000905 «xM9o0ol 39906560l 3mbgmemodogddo, oliobo
3M5BoEMboL 05535bmob (AA) 3mb3mMgbosdo Bgosh 08s3g 9b6Bodmem LolEgdgdbg, Loss
LobMYBYdS 3OMBMIB0MO J03MBIBMOEYdO. 580l Fggys® I30MYds AA-E Hotdmgdbowo
890053™M900L (PGE2, TxA2, LTB4) (o63mgds s 0BOm©gds EPA-b do¢gdmwmo dgps®gdom
6530905 3MMbMIdOMO Jo3Mbsbmogdol (PGEs, LTBs) oo, HmIgemoms sbomgdomo sd@ozmds
8603369 m3bs 0. 35Mowgw®ms, DHA ©s EPA 9mbsfowrgmdl Ldgsoswobgdwmwmo
3O BM30609090  I905GHMMJO0L, MH9HM306900L, 3MMEJIBH0bgdOL s smgbobydol,
d0mbobmgbdo, HM™IMgdoE 965 TBMWME BEMEIZ06 bMGdOM Mgod30sl, 9MsTgE odE0IMo©
MHgmd9gb bgels dolo BB 305L s SB0sbYdIEOo JumzoEgdOl 5©0AJbsL (Serhan et al., 2023).

1.2 NF-xB bogbsgreyiio g bols 06308065985 os NLRP3 0bgersdsbedsl Bsbdmds

3bmgdols BHMBLIM0gGE0MEo 3OHMAMITOL (39bGH®IWMMO oMM JIJE0s dOMMZLIXO
3od@m®o NF-xB (Nuclear Factor kappa B). s®Ugdveo 0mbszgdgdo dommomgdl, Gmd EPA
306306 9dol byl NF-kB-U 0430353058 ©50©gbodg mbgbg: IkB gmbgmMowsgool
snGHyMbzom, AKT s MAPK pathways-ols dm@@szooom s PPAR-y assd@om@gdoom (Inel et al.,
2016). PPAR-y-L 533035305 0§3936 NF-kB-l @G®sblegdmglbosl s s930690L 3Mmobomgdomo
30G™306930L (odmddbsb.

0mm fergdol geHm-gMmo dbodzbgwmgzsbglio s0dmbgbs sGoL ob, M@ mdgys-3 3bodmgsbo
0553900 506300069096 NLRP3 0b6g3¢ms0sbmdsls - 36535030 m@Egobmen  3003¢gdbl, Gmdgeog
9mJ0990L HMYMOE X MJT0Es "Bogm®mbol Lyblm®mo". NLRP3-0l sd@&035305 0fi393L 3oU3sbo-1-
ol 255JGH0wmgdsl o IL-1f o IL-18 Lshob®mgdol dmdhoxrgdsl. g9dudghmodgbdmeo 33¢g39d0
3Q3LGMMgdL, dmd EPA s DHA 833900050 583069096 35U35Bo-1-0b gobemghgsls oo IL-16/IL-18-
ol bg3Mgsosl (Yan et al., 2013).

93



X965330L 303035, 930bMT03s s Lmgomemyos 2026 10 (1) Health Policy, Economics & Sociology

2. @©b3-ols 8gmoEroMgds ©s 93039bgBH03NMO  BYMYDds:  Agbm3smBol
306gduGe

2.1 @b3d-ols §gor0¢mo63980lL 8memgoyereytro bsgridzengdo

©b3-0l  FgmoEMmgds  FoMmTMoaabl 93029693030  HYAMs3ool  BbITYBEHE
099960Bal, GMIgEog 3olbdmdl dgoowol xawxzol (-CHs) 3m35¢ab@nd  ods@gdsl
3oAMBobol  8g-5  BobToMdool  sGHmIBy. gl 3Omagbo  bm®Eogargds bd-
0900 EHMBLRIOSHgdol  (DNMT) mxsbolb gbbodgdols dogéH: DNMT1  3slmbolidagdgaros
0900oMgdOL 35BHgMBOL F9bs@bmbgdsBy, beagnm DNMT3A s DNMT3B sbm®Eogargdgb de novo
3900oMgdL. 3900000 Jd0L Obsdogol dgmmg dbsMgl ysbsb TET (Ten-Eleven Translocation)
mxsbol g6Bodgdo, HmIwgdos sHYhb wgdgmomomgdsl (Wu & Zhang, 2014).

2.2 9308969903960 bssoo s G9gbm3seybs

0MEM 390530 8999985309 ,93039093H03MM0 Lssmgdol" (Epigenetic Clocks) 3mbggnaos
(0sp. Horvath, Hannum, PhenoAge, GrimAge), Gm3geog 93¢1dbgds sbmdom bdggoxozmemo CpG
L50EOL IgMOEWOMIOOL EMBOL ZoBMIZL. Lbgsmds domEMy0m® s JOMbMmEMyow® sbs3l JmMob,
3bmdoo OHMymOH3 ,93039693039M0 Lol sbdsMgds" (EAA), §o®mBmowagbl 53500mdols ©s
1033000 MdOL IdWsze 3HgodE™m®L (Horvath & Raj, 2018).

Levine et al. (2016) 33¢g350 5B39bs, MM Joewgdo, GMIPLSE 3Jmbsm sEMIMEo
996m359%s (JoHMa0eo b dbgdM030), bolosMPYdMPHID MMM Jsmswo g30y969@03M6O
Sb5300m.  999ob0BdNMo, JuBGOMPIbol  (17B-gbGHMsomwo) ©gnogodo 0f393 DNMT-gd0l
99b3MaLoOL OJ3g0mgdsL s TET gbBodgdol sd@Eogmdols 33¢r0egdsl (Liu et al., 2024; Yin et al,,
2018).

3. 39bm35mBs, sbmgds s MmAgys-3-ols 93039b9G03MM0 989JGHJo0

3.1 3m653mb2yemo 33¢r0emg8g60 s s603980000 UdhsBogbo

09bm3ombs  ©@o  39MH0dgbm3snBymo  3gMHomEo  bobosmEgds  guGHMMgbol o
36MH®a9LEIOMBOL EMBOL 3MMAMglweo 3sMmEbom. gl 3mMmBMBI MO EOLBSEIBLO 0393l 6o
dbmEmE ©9360:MmYd30990 34964300L d9Y39@L, 505390 Lol 9GO sbmgdol 360d369wM3z6
06@9bLogo3sEosl.  3wobogmMo 33193990  9B39bqdL, MM JMLEIGDM3smBYOH  Joergddo
LoMHIMbME FosErns 3Mmsbmgdomo 3o@Gmzobgdol, IL-1p, IL-6, IL-8 s TNF-a, 96o@reo
©mbggdo (Malutan et al., 2014). 390dm@, IL-8-0L dsmoero mbg 3060306 3mMgE0®mgdl 8dody
35BmIMG MO Lod3EMAGPMB (Woods et al., 2024).

3bMowo 1. 30G™306vm0 3OMBowo 309896m35v9bols s 3mbEGTgbm3sHsTo (Bmbs3gdgdo
5Q3(30Mgderos Malutan et al., 2014; Woods et al., 2024 33¢09390056)

35Ms09BHMo  3Mgdgbm3smbs  3ml@GIghm3smBs  p-86033bgemmds  95% bomdols 0b@gMgoo

IL-1B (pg/mL) 3.2+0.8 7.8+1.2 <0.01 [2.8-3.6] vs [7.1-8.5]
IL-6 (pg/mL) 2.1+05 49+09 <0.01 [1.8-2.4] vs [4.3-5.5]
IL-8 (pg/mL) 53+1.1 12.4+2.3 <0.001 [4.7-5.9] vs [11.2-13.6]

TNF-a (pg/mL) 41+07 87+15 <0.01 [3.7-4.5] vs [7.9-9.5]
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3.2 m3985-3-0b gs3er9bs 0bd-ols dgoroemotigbs by

56M30BYOEds 3MbEHOMEWoMgdends 33eg350 (Frankhouser et al., 2022) a356396s, O3
35050 MDD MIgs-3-0b (EPA+DHA) dopgds Joargddo sbmotmgds ©bd-ol dgomowomgdol
(330 90990msb 03 CpG »dbdBY, GMIGdOE IEIOIMIMIL 030G T9Es0MmEobal, 0dwbwy»
M9a9o3osly s 96mgdom  LOABbIWGRMID  ©39300MP o 4gbgdol  ZHMIMEH MM
6920mbgd30. 29bm3-0oLEBHS00563s  TgNOoMadol  sbseoBds (EWAS) go0mogarobs 24 842
©ox9M9630Mws©  dgmowomgdmnwo CpG Lsodo 5 507 gqbol 3OHMIMGHMOME  sG9s¢do,
H@IGmoash 3609369cmzs60 bafowo oym 303gMHagmomomgdemo sBmgdom Jugwrgdls s Toll-
like receptor bLogbocrm® aBbgddo (Ma et al., 2022).

0925-3-0  dogds  BOEol PPAR-y-ol  gdudMgbost, Mmdgemog  osgol  dbGog
MOH0gOMJdgqdl NF-kB-bLosb s 990dgds dmobobml 9303969303900 M70m©aeoMgds;
PPAR-y 560 ¢656L36053:300900 359G, Hmdgeos 000wsgl 3o0b@mbgdol 0mogo3s@m™mgdls
©5 DNMT-90b 13930803996 m3migddyg (Voisin et al., 2016).

3.3 3m60mb980b Geagro mdggs-3 dgcdhsdmemo bddo

ILEHOMgbo 30MHEs3oMH BOol FADS2, ELOVL2 s ELOVL5 96900l gdudMgliost, 6og
5deogMqodl EPA s DHA-U d0mlobmgbl a-eobmemgobols 95530096 (ALA) (Kitson et al., 2025).
996m359%Dol 99999, JuEHOMYGboL 396rbs Byl »deol FADS 996900l 9dudMagliosls, Mo 0f393L
EPA 5 DHA @®bol 8993060 gdsb Lolbanbs s Jumgomgddo. gl §dbol 3000309 g3sbxs®sl”,
HmEOgLOE 93HMAI6HO MTgys-3-0b b3egdgboEos 4y39wsbg 9@ e M0l boFoMm.

2023 (ol Fitzgerald et al. (2023) Zowm@NM@ds 33e9350 5B3965, O™ 8-33060560
39000 gdol dHBoMEITFIO0 OGS s bM3zMgdoL Falol 0bEgMzgbaos (mdgemom 8moEsgzos
00929-3-000  9EOEIM 1533908 s L3egdgbBeEosl)  Fwobbol  Joengddo  (45-65 figaro)
SbME0MIOMO 0YM B0MEMPOYIOHO SB530L 4.6 o Fg30M9db.

4. 300603960 96093690MdS S JEPMBSMGO KbEIE30L 39ML39JBH03S

3B MM0 %9bo3E30L 3MBEIJUEGHT0, 96053 IB0 9350g0gd0L (NCDs) GHz00mmo,
2396L530Mgd0m Fyobbol s s153M390 Joergddo, Ho®mBMaAgbl 9MM-9MH 0 IMegMgl 25TmE3935L.
™0g9-3 3bodmgzsbo 95939008 06FJMoE0s  3wobozH  3GMod@0ogsdo gobobogds MmymM;
Q05d0X 9EH0560 s Fowogrgd@Mo (cost-effective) 309396300 LGHMoEJR0s (Galan et al.,
2010).

30639000  X9BEO330L Mmoo FoMmTmobl 00gswH  3Eo@BRmMISL  mBgys-3-Bg
©553dbgdmo  063¢gM39b(30900L  ILbgMys®.  ©93m3gbwgdemos  89daa0  3Koboz®o
Joamdgdol  obgMags:  ™dgye-3  0bgdbol  L3GMobobyo  (Lsbwybggaro  mby  >8%),
396LMbIEX0HYOME0 EMBOMYDS (2-4 465d0/©LYdo 93039069303 MMO s SBMPdOL Lsfiobsswdgym
953993 900bm30L) s LobyMmYOMEO MYMHs305 D 30@Hs80b0sb (Rogula et al., 2023; Esselburn & Sharma,
2025).

X 961330l AbMBEoMm MmOHR60Bs3z00l (WHO) s 9gMoo 25630ms0900L d0Bbgdols
(SDGs) 3mb@adu®do, dJowms  xsbIOMgEMdsHy BEOMbzs  dMoMOOGIGHWos.  m3gys-3-0b
06&96396305 396090 9905 MB039gMLIMEO X 9bs330L (UHC) 300630390L, 600y ol s6ol
bgdobshzmdo, MLsg®mnbem s 3093963009o.

o30S

Bo®oMgdnemds  o@gho@wyol 000mbogsd  @osslGms, Gmd ™dgys-3 3bodmgzsbo
0553900, 39600dm© EPA s DHA, §sG3mo@pg696 6o dbmermo 3390000 3003mbgb@qdl, s6s39c
00MEMPOMOE  9§BHoM  FMEg3MEgdl  IMszoerEMmbosbo  93039b9BH03MM0 s sBmMgdOL
LoHobssmBgam g89dEgdom.
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3bmgdols  Lsfobsswdgam 89dsboBagdo: MTgas-3-0l s6mgdol Lofobsswdwgaym 9B9dEHO
95 0BJds M5800gb007g 356 9¢gewyH 3gdoboBIom. 3063910, 3MMbmgdo™MO J03MBIBMOIdOL
(PGEz, LTB4) bobomgbol 999306905 s bidg30seoHgdagaro 3HmMmqbme300909wo 99009@GHmMgdol
(09BM306900, 30MEJJE0bg00, doMgbobado) Fo@dmddbs (Serhan et al., 2023). dgmeg, NF-kB
Loabsgrm®mo abol 306306 0630d0Mgds s NLRP3 0bg3emsdslimsls Bobdmds, Mog 9930®mqdL IL-
1 o IL-18 3Mm@dsost (Yan et al., 2013; Inel et al,, 2016). gbs 994s60Ddgd0 AsBLLIMOIGOGdOD
36003b9amgsb0s  Fmobbol  Jogrgddo, Lowsg JuG®MYgbol w@gxnoEoEOL Bmbby sbogdomo
056396900 933000605 Imdo@gdvgeros (Malutan et al., 2014; Woods et al., 2024).

bdgds 1. ™dgyo-3 @gbodmgsbo 8553900L 93099b9BH03MM0 s 9bmgdol  Lsfobssmdgam
0mddggdol  894sboBdo  8gbm3smBsdo  [Ldqdol  smfgMs: Fgbm3smBol MML  guBHMM9bol
©93030¢0 03938 DNMT-9d0lb s FADS g96930L ©od3900090sL, Go3 Jdbols "36M0@03mw
0396 005L"  gaBbmygbmMo mdgye-3 by3ergdgb@ogoolmgol. EPA s DHA sbegbgb sbogdol
0630306705 NF-kB 2bol @smMgmbgom, PPAR-y-ob 9455d@0ommgdom s B3gEoswobgdmeo
3OHMH)BM30090go g0 gdol  (SPM)  36HMm©Ydoom, Mg 3560 IMs©
9 MEoMgdl ©bHI-0l 390000MGdSL. ]

dnberdagbao / abah o anbnlb

IR0

| DMNMT :]Mﬁ;]bﬂwh

h w

1 pobd-nl Bgongont gba | FADS gnbgdn i

: *
1
| Ddﬁﬁﬂbifr:;jtﬂ:;:aﬁmd“u ‘ [ L b gabafhin EPAIDHA |

. "~

oiigas-3 badanglobagoa

(EPA + DHA)

NFE-kB obdodnfgo s ‘ ‘ PPAR-y ad@ngoy oo SPM A mgdans

sbmgdnl dgdaoé gba +
wbd-nb dgonenfgbnb
Bon e g

9303969303MM0  IMEMEHE0s:  5Qs3056%Bg  BoGoMgdemo  33¢193900  ©IBaX IMOEIS©
5B3969096, ®m3 ™dgao-3-0b Foegds 0f393L  MIML-L3YEOR0ZMNG ©bT-0l  FgmoEMYdOL
3309090l 39M08gMHoME Lolbwob wxMggddo (Frankhouser et al., 2022; Ma et al., 2022).
09939, 9V 989JAIO0 5O 5MOL MBO3YIOLIWGO, 3969GH03MNMO 35M0OIWIOMBDS (R56Bs3NMIOOM
FADS 296900l  3mmo0dmmiobdgdo) 9609369cm3bs  293wgbsl  sbgbl  0bwogowswm®
35Lbby (Kitson et al., 2025).

99635 Bs - 300GH03NWO FobxoMs: Fgobbols sls3ol Joergddo dgbm3snbs Fomdmoygbls
60350096 3gMH0mEL, HMEILSE JuEGHOMYI6oL IBOE0GO 0§393L8 DNMT-930L s FADS 3969300
©5939000905U. 58 9Bo3bg mgyo-3 0639M396(305 3mGHIbE0MEs© Fgderos 3339BLOMGdS Yofoml
306H9mbs MmO ©IBOE0GOL 930396930396 989IHIOL s Fgobgaml doMEIMFOMMHO IBIMYDS
(Fitzgerald et al., 2023; Liu et al., 2024).
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0303530900 s 8tmTs35¢0 J0TsMmMEgddo: J0vbgsgzs® 0b@gblorMo 0b@gMglols,
L5930 gOM OoEIMSGMMST0 33wsg MBgds I60d3zbgermgsbo bsMzgBgdo: (1) 3m3esEoriMo
1393083039MMBOL  Bogegdmds - sMLYdIo RCT-gdol mdg@gbmds 96 Mol L39gE0sE MmO
©0B50600©g0)0 FbM3sBYMHO Joegdolimzol; (2) EMD-M9oJ300L 393393 mds; (3) EPA vs
DHA 899560%06M0 45bbgmdowagds; (4) a0dgw3s0960 33¢093900L Bo3engdmds (Kitson et al., 2025).

365gdBHo3mmo 6930m396s30900: B39bo Imbs3gdgdo domomgdl, MM Fmebbols Joargddo
95000@S300L  3OMEgLOL  M3EH080BsEos Fmombmgl ™mdgas-3 0bgduol  dmbo@m®mobal,
060030009956 MHBoMYdL s LobgHROMEo 0bGHIM396(30900L 0b6GHIMSE0L (D 30Esd0bo,
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Udgds 2. Fo9obbol 530l Jowroms FsMmzol JgdmmsgsHgdmwo 3eobozmMo seam®mo0do
3MBIMMO  x9bo330L  3MbBHIJuEdo. [LJgdol sEFgMs: 30MZ3gEsEo K SBEI(330L  MAMErdo
0b6@9260Mm9dwo doymds, Hmdgeos 8mogagl mdgys-3 0bgdlol BzMmobobal (Lalwmzgero mby
>8%), ®ob3oL LEHMGHOB03ISG0L s 3gMLMDIEXOBIOME EMBOMJOSL. B 0bgduiol (<4%)
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¢ Bgabboly abagols Jacsa
- |
450 f_l:’i"{__'?'d‘.‘
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L .
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©al336s
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2025).

9500 0E 5300l 98393GHMOH®BdOL 36008369cmgz560 505090 d9L5dEgdg0s
06003000950 Ho mIgye-3 0bgdlol Imbo@MmMobyols ©s 39MLlmbsgroBgdmo MmBoMgdol
06@926M53000 3530963HJO0L  FoM3580. IMTsz5¢0 330093900 bs 0gml  BMIMLOMYOMEO
303995305-139305303796 RCT-93%bg 9309969303960 outcome-9d0l FgLogolgdas, mdgas-3 s
HRT ULobgMHaomwo 9x39J3Hgool  99Lfogrsbg s 39693039600 3500509 mmdol  HmeErols
25bLsBEzMsbY.

2990g9bgdEro o GBIOGOS

Bramer, W.M., Rethlefsen, M.L., Kleijnen, J., Franco, O.H. (2017). Optimal database
combinations for literature searches in systematic reviews: A prospective exploratory study. Syst Rev.
6(1):245.

Calder, P.C. (2013). Omega-3 polyunsaturated fatty acids and inflammatory processes: Nutrition
or pharmacology? Br ] Clin Pharmacol. 75(3):645-662.

Calder, P.C. (2017). Omega-3 fatty acids and inflammatory processes: From molecules to man.
Biochem Soc Trans. 45(5):1105-1115.

Esselburn, K., Sharma, P. (2025). Omega-3 fatty acids, brain health and the menopause. Maturitas.
185:108017.

Fitzgerald, K.N., Hodges, R., Hanes, D., et al. (2023). Potential reversal of biological age in women
following an 8-week methylation-supportive diet and lifestyle program: A case series. Aging.
15(6):1833-1839.

Frankhouser, D.E., Murphy, M., Blum, J.L., et al. (2022). Dietary omega-3 fatty acid intake
impacts peripheral blood DNA methylation in women at high risk of breast cancer. Front Nutr.
8:764677.

Galan, P., Kesse-Guyot, E., Czernichow, S., et al. (2010). Effects of B vitamins and omega-3 fatty
acids on cardiovascular diseases: A randomized placebo-controlled trial. BMJ. 341:c6273.

Horvath, S., Raj, K. (2018). DNA methylation-based biomarkers and the epigenetic clock theory
of ageing. Nat Rev Genet. 19(6):371-384.

Inel, O., Hammad Asweto, C., Zhang, Y., et al. (2016). Effect of n-3 fatty acids on the expression
of inflammatory genes in THP-1 macrophages. Inflammation. 39(2):612-618.

Kitson, A.P., Metherel, A.H., Chen, C.T., et al. (2025). The influence of FADS genetic variation
and omega-3 fatty acid supplementation on brain phospholipid omega-3 content. Prostaglandins Leukot
Essent Fatty Acids. 204:102646.

Levine, M.E., Lu, A.T., Chen, B.H., et al. (2016). Menopause accelerates biological aging. Proc
Natl Acad Sci USA. 113(33):9327-9332.

Liu, Y., Wang, T, Liu, Z., et al. (2024). Exploring the causal association between epigenetic clocks
and menopause age: Insights from a bidirectional Mendelian randomization study. Front Endocrinol.
15:1429514.

98



Ma, J., Rebholz, C.M., Braun, K.V.E., et al. (2022). Dietary omega-3 fatty acid intake impacts
peripheral blood DNA methylation patterns. ] Nutr. 152(6):1518-1526.

Malutan, A.M., Dan, M., Nicolae, C., Carmen, M. (2014). Proinflaimmatory and anti-inflammatory
cytokine changes related to menopause. Prz Menopauzalny. 13(3):162-168.

Rogula, T., tuczycka, A., Marchewka, A., Jach, R. (2023). The importance of nutrition in
menopause and perimenopause — A review. Nutrients. 16(1):103.

Serhan, C.N., Chiang, N., Van Dyke, T.E. (2023). Resolvins and cysteinyl-containing pro-
resolving mediators activate resolution of infectious inflammation and tissue regeneration. Physiol Rev.
103(2):1097-1155.

Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. ]
Bus Res. 104:333-339.

Voisin, S., Almen, M.S., Moschonis, G., et al. (2016). Associations between whole peripheral blood
fatty acids and DNA methylation in humans. Sci Rep. 6:25867.

Woods, N.F., Mitchell, E.S., Smith-DiJulio, K. (2024). Association of oxidative stress and
proinflammation with insomnia symptoms in midlife women. ] Women's Health. 33(7):921-928.

Wu, H., Zhang, Y. (2014). Reversing DNA methylation: Mechanisms, genomics, and biological
functions. Cell. 156(1-2):45-68.

Yan, Y., Jiang, W., Spinetti, T., et al. (2013). Omega-3 fatty acids prevent inflammation and
metabolic disorder through inhibition of NLRP3 inflammasome activation. Immunity. 38(6):1154-1163.

Yin, J., Grosse, K.L., Booth, J.N. (2018). Neuroendocrine aging precedes perimenopause and is
regulated by DNA methylation. Neurobiol Aging. 74:213-224.

99



X96@53330L 3m0E039, 13MmbMB03s s Lmzomemaos 2026 10 (1) Health Policy, Economics & Sociology

ra X 965330L 3M0E035, 93mbMT03s @S LMEFOMEMYOs
W’ Health PoIicy, Economics & Sociology PRINT ISSN 2960-9992
GAUCASUS UNVERSITY ONLINE ISSN 2960-9984

G060 36-330600560 MErEHMBdYYMH000 33¢g30L Jerobo Mo 96083bgwrmds
Bogmgzols sbmserogdols 23056 ao8mgzegbsdo

Clinical significance of routine 36-week ultrasound in late detection of fetal anomalies
d. ' https://doi.org/10.52340/healthecosoc.2026.10.01.2

935%9M0bg gerosgs™
Ekaterine Eliava™®

153500. M. 02900935990l Lsbgermdol 9H™M36eo LsdgoEobm 3gbE™Mo, MBdOELO, LadsMmzgwrm
2 Bgbsdgo - LZWgm LogdsMmgzgeml d9oEobols s 3esliBog Mo JoMwmaool 3gbG Mo, bgbszo,
Lodo@mnggeom
1 Acad. O. Ghudushauri National Medical Center, Tbilisi, Georgia
2Senamedi - West Georgia Medical and Plastic Surgery Center, Senaki, Georgia
*ekaeliava@yahoo.com

BLBHMIEO

dglssg35¢ro: LodoOmzgarmdo sBEIbsGHIMMO Fgm35wYMEIMdOL Lobgerdfonm 3O MyMsds
0035¢0bF06gAL MOLYEGdOLMZOL 35EMMbI0L gofigzol MmIgeroa 93w9dbgds M@slic G35 30BoGL.
JONIOM0 560l I99d3Lg 30BoG0 (36-3733-009). IOMZ0o 3330390490930 B0)NOMYOL, M3
Bogmagzol 3963399900 LEH®IEHIBMEO 56 B6JE0MBO sBMTserogdo FbmemE 33056 JaLB SO
93939 bgds ©0sabmliBozmMms bgardobshzmdo. dglsdsdols, dmods@s 0b@ghglbo dgbedy
&M03qLEHMOL, 3M6309G s 30 36-9 330006 OHMGHobMwo 13560MgdOL FoBsMm, GHMYMOS
©5353900m0  0sRBMLG03MNM0  LBYsEgdol.  8gomEYdo:  WoEIMSGMOo  Jodmborgs
©OYMEbMdOos dmEm ergdols FsldBHMVWMGH JM3IMOEGMM 33093905 s TgBo-9boEroHIoUL.
39535L005 23056 999Mm3zEgboo sBMTo0gdol 0630IBE MBS, BMTsE0gdOL EGHO3MEMY0s s J>00
3939bs Lodgobm—bBgMmbo@ oM FoMm35%Y. B9Yagdo: 36-3306M05605 L3MH0bobYTs y39wsbg bJom
35MEMA0NM XYMBI0®© 20TM3¢0bs: Jomr-Lslidgbe Loli@gdol (30MHM™bIBHMBO, r3wgdL
0003090, 30OMMOHYGHIM0), 390GHMCMMmo ByMzmwo LoLEJIoL (396EHMO03MCMIGASE0Y,
30594bmoo  30LES, F03OMEIBI0S) 9350090900, dweol dsb3gdo (VSD, 3moMd@ogos,
UEHIBbMBYd0), 3MF-DHofiarsgol MdLEHMWMJ30900, BMBBbOL OL3WIBOIdO (5dmbEMmMIWsBos @
Ubgos). 299mgegbogds 90mbgg3zgods 300306 0dmddgs d8mdos®MdOL FsMm30L ¢oddol3sody,
3500 Mol LsddMdOsOM 3006039008 5®FY35DY, bgmbo@memaonmMo MglmMligdol Fobolifo®
9m000HYOBY S 3MUGHBGHOHO JoMEoMwwo dBsEYmRbol ggadsty. ©@slizgzbs: dgLsdy
&®0dgbB®do,  36-9  330M0Dg  BsGIMIOMO  HMGHbMwo M@ ®mIdRIM0m0 33939
36093b69arm3bs0 BOOL 230560 bogmgzzol sBmTowogdol gsdmgwgbol 85396909l s
§9M0m5a9bL 3000603 VoMGdME TGO 12- s 20-33060006 1535600 5dsLMD ghms.
3OLgdo 933039099 gdgd0L  Logydzgu®g, dobo 0bGgaMsEos 3Mgbs@owmrmo  BEwbzol
UEobsmEdo 3b0d3bgwmgzsbos  FgsdEoMmml 39MH0bIGHICMOO FoMmEgdgd0o, 95v90x MdJLMU
3bsedmdowms 3MHMABMBO s FoboMmb 1sdgebm Fgm3zswymMgmdol dsHmM30L g539dE0sbMdY,
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693m3960MmgPMmo  30GHOMYPs:  guosgzs 9. (2026).  OGMGHobMwo  36-330600560
MEGMOYIO0MO  33¢0930L  3wobozm®o  3bodzbgermds  baymaol  9bmdsrogdol 43006
398m3wgbsdo.  xobopz0l  FeaemoBdogs,  gimbmdozs  @s  beagoeagmeagos, 10 (1).  DOL:
https://doi.org/10.52340/healthecosoc.2026.10.01.2.

Abstract

Introduction: Standard prenatal care traditionally includes ultrasound screening during the first (11—
14 weeks) and second (18-22 weeks) trimesters. However, growing evidence indicates that a subset of fetal
structural and functional abnormalities either develops or becomes detectable only in late gestation. This has
increased interest in routine third-trimester screening, specifically at 36 weeks, as an additional diagnostic
window for fetal assessment. Methods: This narrative review synthesizes data from large-scale cohort
studies and meta-analyses published in 2025. We evaluated the incidence and spectrum of abnormalities first
detected in late pregnancy, as well as their implications for obstetric and neonatal management. Results: A
routine 36-week scan identified previously undetected fetal abnormalities. The most frequently newly
diagnosed conditions included: Genitourinary anomalies - hydronephrosis, duplex kidney, hydroureter;
Central nervous system abnormalities - ventriculomegaly, arachnoid cyst, microcephaly; Cardiac defects -
VSD, coarctation, valvular stenosis; Gastrointestinal obstruction patterns; Skeletal dysplasias - including
achondroplasia. These findings had direct consequences on perinatal decision-making, influencing delivery
site selection, neonatal surgical preparedness, and postnatal intervention planning. Conclusion: Routine
ultrasound at 36 weeks substantially increases the detection rate of late-onset fetal abnormalities and offers
clinically meaningful value alongside first- and second-trimester screening. Evidence suggests that
incorporating a 36-week scan into standard prenatal care may reduce perinatal complications, improve
neonatal outcomes, and enhance obstetric management - particularly in settings with adequate neonatal
surgical and intensive care capacity.

Keywords: 36-week scan, fetal anomalies, third trimester, prenatal ultrasound, fetal diagnosis,
neonatal management.

Recommended Citation: Eliava E. (2026). Clinical significance of routine 36-week ultrasound in
late detection of fetal anomalies. Health Policy, Economics and Sociology, 10(1).
https://doi.org/10.52340/healthecosoc.2026.10.01.2.

9glsgsgro

565990M™39 309bs@ Mo IBOHNBZgEmds OLEGHMMOWWHE 9BwYdbgdM©s MOLWEMdOL
30639 (11-14-9) s dgmég (18-22-9) HG0guEB®T0 Bo@oMgdwgem »an@®madagmom b3Mobobyl, Mog
003q0MEs BEBIOEHME s “96039MLHEIMMHIE FoMIVME 3M5dBH035®. FobgEIZSE ST0bY,
0™ S0l gobdogErmdsdo 30wMgls dBoM@os bsdgEbogmm @olgmlos dglsdy
G®0d9bEMT0, goblozmmMmIBOm 36 33060509, TBHIOOMO MrMEObmEo b3Mobobyol sbymyzoL
99L5dgdEMBSL (X 0bFoModg s Lbg. 2019). s0bodbmwo doymds gxwdbgds 00 3wwobozwm®
53306390906 o AibgodolidEGe00sb6  33¢g390L, MMIgdog  Jormomgdgb, MHmI  Hoyo
LEAHOMIGHMOMO S BBJ30MHO SbMBoE0gdO Tgloderms XM 300093 96 0gmb godmawgbogro 12-
96 20-33060560 U39606M5d0LL, M50  ZsmmEomyogdol  Bsforo  gomstgds  dbmerme
mOLBemdOL 43006 9EHe3byg (Syngelaki o bbg., 2025; Karim s bb3. 2022).

330930 959G moemdsl gobloBmzmagl Medgbodg doMomeo GoddmMo:
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Bogmaxzol 2503390 39bEogmEowro  3smMEmy0gdo, 8500 JmMol  Fo®mq-bolggbm
LobBgdol, 3gbGHMMo bymgmeo LolGgdol, 39F-bsfiersgol GMmod@ols s BmbRbmgsbo
OL3WsB0YdO, Fg0degds A5dMBbEL 93096, bmem Fomo SEMmgEo 4s9m3egbs 30039 ™M
99039606905%g ym3z9wm30L JglodegdgEo 56 SOOU;

9306 259m3gbogn s6MmTse0qdl bdoMo LFoMmYds 39M0MmEOBYOXIENo oM M35, HMIYEIOEG
dmoobmgl  3gMobs@ow®o III mbol 3wobozols s bgmbs@Gmamyowm®o/JomGyomwo
90500Ymxnbol MHeObagwymgsl;

Bogmazzols 3500MEmy00l 3309690990 s08mBgbs BMEOL 39MH0bsESMHO 30 gdgdol
5€d500MBL, bmenm EOHMEds 0sRbmBTs Ggodengds 3603369 m3bs dgagscml 38mdosGMdOL
399BH039, 093939306 LEMIE IS WS bgMdMWsE Mo 0bEIM39b30900 (Li & Wu, 2025).

909339505, 03390905 935830M 3w0boz®mo LoFoMmmads — 9gxsLgl, Gg9deos mv) Mo
MHBHobMe  36-330600506 M@ ®odagmom 3335l 3603369 mgsbo  A9BIIEMl 9306
24093 gbso  bagmazol sbmBoer0gdol osabmLEGOMGds s Foowgdx mdJLML  39M0bsE TGO
990092900 (World Health Organization, 2022; Trottmann s bb3., 2022).

00 33930l 30Bsbos Fgogzoliml HEobymo 36-330600560 MeEE®dY Mmoo 13M0bobyols
3w0bogm®o 9608369c0mds 230560 Bogmgzol sbmAsgrogdol gs8mgwgbsdo, gosbserobmls dobo
©0BMLAHOZYMO JBIIHOBMB, 3gHOBaGIX O 3osFY30(H0WIdIODY bYas3wgbs @ Fgyado
9oLy S boEdmMdOEIOl  XIBIMMYMBOLMZOL. 330930  FEOWMDL  AssM330mb, Tglsdy
G®03qLEGHMT0  HTSBHIV0MO  MEIEMORIO0MO  358M33¢g3s OMmamMo 3603369 m3z5b60  Avbs
36965350 BEOHY630L LB bt Eob 905099690 bofiowo s HMymMo Lo35¢IdEms Golo
05696235 M3GH085¢M0 3600603796 365JEH035d0.

3900MEMEMY05

J3€7J30b woBsobo
Bo8OMmdo oMo gbl o Mo ey dodmbogrgsl, M®Iol dJobsbos sMLGdMEO

93039099 gdgool  LobmgBo s  sbsEOBo  HMEHbMo  36-33060560  MEIEMIBYIOOMO
13M0b0bYOL 30bozm®mo 3603369 MdOL Tglobgd 430560 AgLEHIEOIMO 3gM0MEOL 63sgzePmdsdo
Bogmagzol  sbmBogrogdols  asdmgargbsdo. F9omEMmErMaoMo  doymds dm0EI3s  9BO3gol:
§9o6mgdol  dmdogds, FgemPaggzs, dmbogdms  s9mEgds, 99ga00L  dgamads, LobomgBo o
0639m3M93S309s.

dogdol bhsdg80s

@OoEIMHGHVIMOL Imdogds obbmMEogws 899y Lsdgsboghm dsbgddo: PubMed, Scopus,
Web of Science, Cochrane Library, sbggg ULo0gobm-g3g@own@o  dgoogobol  3Gmgogrm®
2400m3999000 (Ultrasound in Obstetrics & Gynecology, BJOG, AJOG). 9458mygqbgdmeo bs3zs6dm
bo®yzgdo s MeSH @ghmdobgdo ogm: ,36-week scan', ,third-trimester ultrasound®, ,late fetal
anomalies®, ,prenatal diagnosis®, ,late detection®, ,fetal abnormality screening®, ,ultrasound at term®.
dogdolmgol  as9mygbgdyeo ogm Boolean ™m3gMo@mmqdo AND/OR, ®omos  gsbMoowoym
d9L50580LMdOL LoBMLEY s FsLIEHBO.

Bs(0330L 360990098980

300mbo3530 993005 390¢03530900, HMIX9d0E 930994MB0gds 89909 30MHMdGOL:
e 250m939969d9eo 2015-2025 {ergddo, peer-reviewed 5Gboergddo
* 033003005 gLsdg BHM0TgLEA®MOL (235 33065) YYEGHMVYIHom 13M060bYL
* 3903393005 3305670 56MTs¢0gdOL A5FMZGbOL LESEOLEH03IL 96 FHodmEma0sls
* 53933009005 503MmBgboE 35mMEMY0gdL 36006036 890 98900096/39b9%I9bEH 96
e oMMy b MmM0y0bs™ 33a0g35L, LoLEgdo@ M dodmbogsl 56 dg@se-sb5¢robl

102



350mmogbgol 360590098980

UE9GH0900 253MoMOEbs, v
M EM50QIO0M0 13b0MGdSs JoBbs Fbmerme fetal growth assessment-l olobogs
139606905 BoBoM©s 34 330605909
56 39mbgos 9355300 FgoMEMEPMY0s 96 90092900 sMLMVEs© 0ym HomBmpygbowo
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e 230006 499319600 s6MmTs¢r0gdol 0b(300096EMdS
e 659mgol 350mMmEmy0q00L gobsfogds mmasbmms Lolidgdgdol dobgozom
e 253gbs 3dMBOOMBOL Bod@03sbg s bgmbo@swr® 99qa90bY.
2. bs®HolbmdM0og0 Imbs3gdgdo
*  533MMgd0L 06EIM3MYEH30900 s ©ali3zbgdo
e 933960530900 30965 MO 3t 30bmzol

dmbs393ms LobMYBO FoBbMOEFOgEEs 335900 BIWOBOL ABom, 3309390l Fmeol
3969630900l godmzwgboms s 19Ts-3wslBHIMYO IR YIBIO0D.

dgasligbols docogmads

3b65¢r0Bo 3mb39bEMmoM©s 990ay Lo3z96dm 356539BHMdDY:
e 36-33060560 135606M500L OBMLEH03IMMO FgEIA0 SOMIME 3310939050 BgsMgdom;
* 23050 350059 306039o© 353M3g600o SBMTSE0gdOL BHO3MEMY0;
e 302670900l goggbs MmOLwEmdOL JoMMZ0L GodEH03oLs s FTMDOSOMOOL LGB IR0DY;
390923990 §om3m©agboos s0faMom BmMIs@do.

8993900

doM0mMOEO 30b03wMHo 333039091 qdgd0

3OLgdo dmbs3gdgdo Fommomgdl, M®3 OHGHobwo 36-9 3306006 WEEHMIBYIO00TS
13M0bobds 30M39wsE 9dmzmgboo, 3653y 396 TggsLPPWo boygmaol sbmBsgrogdols
06300096¢)™d5 0.77%-00 goBs@s (Syngelaki s bbg., 2025), Gog 00bgsgs d9smgdom 83oMg
36Om396GMo  95B396900ols,  3aobozmmo  3603369mdols  mzslis®mobom  dg@o
bOBALYdGEos.  Sgm  FMEMEMdsFo  LorBIM0s  SYYEMBO®  SBIWFMOOEDBY, OHMIGEM
35MEMA0S Q0505 96O O0ZbMLEHOM©IdMPS, M3 0930l TBEOOZ B3 gbsl sbgbs
bgmbadow® 89©9338b.
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mOLYYEEMIOL FoOHMZ0LS S FTMD0SOMIOL I3gATZ0L BEMIBHYYHO, Foo FmMols, ImboGHMMObaoL
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Abstract

Introduction: The imbalance between food price and nutritional quality represents a critical
determinant of contemporary public health. Global and local trends confirm that nutrient-dense
products often carry a higher market value, leading to increased consumption of energy-dense but
nutritionally poor foods. This article aims to conduct a complex analysis of the relationship between
food prices and nutritional quality in Georgia, evaluate the socio-economic consequences, and identify
the technological and macroeconomic factors influencing the population's nutritional status. Methods:
The study is based on a mixed-data analysis, incorporating fundamental works from the World Health
Organization (WHO), the Food and Agriculture Organization (FAO), Drewnowski, and Monteiro. The
empirical basis utilizes current 2024 data from the National Statistics Office of Georgia (Geostat) and
CRRC Georgia. The methodology includes comparative analysis of secondary data, evaluation of price
dynamics, and the correlation of socio-economic indicators with nutritional accessibility. Results: The
study reveals that high import dependency, price volatility, and significant income inequality directly
impact the dietary choices of the population. The high physical and financial accessibility of ultra-
processed products correlates with the rising prevalence of non-communicable diseases (obesity,
diabetes) in Georgia. It was established that regional disparities and technological gaps in the storage-
processing chain create additional barriers to the price stability of healthy products. Conclusion: The
paper concludes that improving nutritional quality requires a multisectoral approach, combining
economic incentives, nutritional education, and strict technological regulations. To reduce social
inequality, state intervention through school nutrition programs, support for local production, and the
implementation of food fortification methods are a priority.

Keywords: Economic accessibility, nutritional quality, price stability, social inequality, ultra-
processed food, Georgia.
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2010). Ho63mgdols, wmxobGHozols s 139E0B03MMo Fgbsbzol 30MHMBFIOL boMx G J35Mds
230653060MdBL  LoMYo0DBsGoM  Fobol  BOEL, o3 B FYIMLOgE0sh  BmIHAsMGOEOL
500 qdL, 50B93560 bs3engdo X sbLow, FogMsd 93mbmdo3MMaw bgerdobshzmad 3OMm©d&gdHg
d95BgGmb.

920mbw0o 256b35398900 s LEBMbYHMD:

39M3M380M0 B5JBHMGM0: MOOWOLLS s 05MT0 Bowbs s d™MLEGHBYIMDBY BoBOIMNOO ©
53065690 bgEdobsfzmdmds Fowaeos, 35306 MHMEs J50oErTdm0sb Mgy0mbgddo wrmyolidozwdo
LOMOMggdoL 453m goligdo 3600369 Mzbs 0BM©ds.

003mMGHO50MI0EIPMGDs:  SEAOWMIMOZ0  BdDBOOL  Tooro  ©IMI0EIOIYDS
003mOGHBY  BOHOL  LYOLLCOL  GoLYdOL  (335¢GOSEMBL S 5F30MGOL  ImbobegmdOl
dLY039WbIOHOBMBSL.

gb®oo 3. LybmbyHo bowool Lsdwmswm Bsbgdo s bgerdobsfizmdmdol obwgduo
69300mbmm FMoerdo (2024)

36Hmndéo L53wgsemm Bslio byemdobsfjzomdmds (1-5
Moa0mbo

7 (30 (2w360) U35e0)

»dOEOLO 35000 3.5 5

1539 MgEOM 35000 4.0 4
0509edn 0560

9200b900 godero 55 3

13533900 X2198go0L 3531gbs %963MMYErMdOl sdmlsgse by

Logomzggarmdo  33900m0  H530mbol  LEOMWIGHMGS FF0EOM® MOl  ©939300MdO
3MHMOIBHJOoL  Folmsb. J390mm  dmEgdo  sbogrobo  g30P30b90L  39390ML  ImbIsmgdols
0b6@gblogmdsls s XSBIMMYMBOL 3mE b30E 899agdL JmEO.
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gb®oo 4. 1533900 XAMBJOOL 3IZIPOMO POMHIOMEGdS O 393¢gbs K SBIMMYEMdsBY
(Logdom3gErl FoddE0™0)

MSOHYMBONO
15533900l doMOMSEO 6@(*;?:{(;3;636015 3BoGoMco 359mlssg5¢mo
X3BO 6aBG0gbGg00 d93wgbs (©980G30GOL/F5600
bagsBorgyeemdo 3mbBsGd0lsb)
boo s 3035306900, LodmoEom- 039603 9@0L ;Egggggbobo@ao
dmlBbgmero 0mF3m QOO 239009MHJOS 30bEg5 GBS
3033egdbgdo 9690200030 || _
B:63eg0ewo BobBoMfycrgdo badgeee 05¢3blio
969009; Fo®do
bmGEo ©s QOO 3m9bommzsbo
Bo3z0L ig?;’_g)‘gom’ (8505¢0 3oL || Bsbol 2325?58?& 6‘;2‘(;’
36mddHgdo 250m) 296300056905 o 6ol 390
Mo GOS- dsdo6o0, 35090 Lodbedbg, 0sdYEO,
©53v985390eo || BoG™omdo, (o0 BLob | - 09G90MLMOHO
15533900 GOBLELOAgoO || @odm) Lbob®mdo
L58sM
6&dols 39w E0do, (356006 mbBIMagbgHoL || MbEGHgM3NOH™DO,
36mddgdo 30390060 D 630mBm@>) bgendgfiymds bOHEOL Jgx396bgds

fyotmgdo: World Health Organization, 2020; Rao et al., 2013; Pap’iashvili & Verulava, 2024;

Geostat, 2024.

LELs00ol batolbol 8635¢a6DMI0Egdosbo dmbgds

®565990M™39 339006 LoLEGYI9dTo  LYYOLLMOL  boMobbo  3mI3egdlydo  Bqbmdgbos,
H®Igog  MON0INME353d06M9do  30003mbgbEYdoLASE Fgwagds. 0g0 LEgds dbmeEm
3990366 30Lgd9dL s FMo33L 89809 396BMI0EGdAVL:

B@®030o bsMolbo: 360Mm©w)dEHol doMEMR0MO oMY s Jolo MbsGo,
00553054MB0ML MmO 560DTol Fmmbmgbs 3s360 ™ s 30 3MHMBMEM0g6EHIOBY.
&9Jbmmaom®o  bsMolbo:  Ho®dmgdols s
(33LBgM0BE0s, 39390 TIBRWMZS, 3030 XOFZ0Y), o3  oBLIHBLIMZL
36MH™OIEHOL BEBOOEWOHMBILS S MOYBMEG3EH0 36 N30LgdYOL.

LYOLHSMOL  M3bIBdEMBS:  FOIMMIOMWMYOMOO ©s Jodowdmo LobyBmsgg, o3
©93IW0MJOS LM MNSTMMOLM LB obEIMEHJd0m (Fsy. HACCP, ISO 22000).

3mblgMgsiz00l  dgormegdo

A936mema0vmHo BogBHMMmIdoL 3331965 3398000 WOMGdMgdslss s Bsliby
39dbmmyom®Ho 30mamalo LwyOLsmol 0bEMLEHMO0sdo MOGIHO0Z0 9539dEH0M bolosmgds.
9e»o B3, 06EMLEHMOWODHE0sT Flodergdgeo Fobos 3MME300L BobMdIMO30 Ho®TmMgds
©5  M30000000wgdol  Jg830MgRs, o3  3M0GOIMWs©  360d36gwmgzsbos  LmEoswrm®ma
9fy3o0 % 2953900L Bobsblm®mo bgadobsfizmdmdolbmgol. dgmdmg dbGmog, 53 3MmEglids bgwo
399909™ MEE©9-593s390)eno (Ultra-processed) 11533900l 0m30bo®Mgdsl dsDsMBY.

115



X965330L 303035, 930bMT03s s Lmgomemyos 2026 10 (1) Health Policy, Economics & Sociology

39dbmEmyom®o  3505MJlo:  MEEMI-03s39dIo  3HMEYIE o0 BILOSMIOS
boba®deogo d9bsbgzol 350ms s BIEO BLOM, IS Bomo FoMImgdol 3Mmagldo bogds
B@®09gbGHId0L YAMOI309 S bgErmzbmMo sbsds@dol (93wgsG™MMgdo, 3mblghzsb3qdo)
30b6396¢®s300l BOS.

3b®0oo 5. LmOLomol sd 33900l babolbol bry@®moEomer-93mbmdo 3Mo G9oMgds

8060850630 IEOHGS- G0d6meeapon6Hho
0bogzs@m®o
Q030 ©38:¢)853909¢wo ©38:¢)853909¢wo gbdsos
3sB8BHodol
asbo LMoo / JosEro QOO 03060805
LGIOOWODBHEO,
89bsbgol gss 6563m3eny bobpGdcogo 3MBLyM35300
UE900E0BIE0Y,
56585900 8060850 )m0/62)0mgsbo az)%bqgio 5305 3000l
3069006 2399096MHgdS
1500000 Q00 B6m@®096@ 900l
Py Bs Bo@v®ow®o, Jo0oo (9696393039 BNOGHOR035300L
QOMIOJLY 93360030) d9L5dgdMDS
3ogOIwo
om0 / @OxoLAE03S O
byadolsfzmdmds LgBMEYHO / M Fsem®Oo MBS0 dofimgdob
X330

Usgdo®mggerml 3mbEgdlo: godmi393990 s 3gML3gdE03900

LogoMm3zgaEmliongols, MmamMz 033mOmGDy  ©sdm30©I0MEo  J399bolmzol, bryMlsmol
golgdoL  335¢gdIEMDs 300306  353006MTos 20330 3OLOL  FgMygMdLboSb s
L59OMSTMOOLM BSBMJIOL 306096 EHMEOLMIb.

LYOLHMOL GPOMZ6YO LosagbEHML dogH 2024-2025 {Hergddo AsBbMmGE0ggdMo sdEHoMo

0bL3gdBHoMgds  BOEOL  bABPIHEHIOOLsEIO  Tgbsdsdolbmdsl, mndszs  gu  IBmEgLo
2390339990 50Lsbgds 3OHMmEJEHOL LsdmEmm Goliby:
o UABPIOGHOBs3o0L  bobxo:  dowowo  30gogbm@o s Bgdbmemyom®o

U39bMEgdoL sbgMags (HACCP) BMol bom3ghaogom botxgdl.

e  bBomdol Bog@mmo: dombgszo golol BOHOLs, bomolbol 935300 3MmbEHmmemo
5930MgRAL  LobMPsEMIdMH030 KX9bo3gol MOLIGRL s BMHEOL ImMIbTsMm IOl
@©M05MBL 5EY0CMOIM030 Ho®dmadolisdo.

3oLOLS s baMolbob dosblol Fobomfigzo 9930 gdgEos:

e 93069 gAML 3H9dbmemmaom®mo TbsMESFIMs: sbsdgmmzg Lolsfymdg o
Lods30309  0bFOLAOMIGHMOOL  qobgomstgds LybmbmGo
d9L5030M90 .

996MYygmdoL

e LvIOLIMOL BMOEGH0B035305: BYIbMEMmy0gd0L 353mygbgds 0580 300G JOOL (Y.
1J300) 3030:mb1EHM0963HJO0M AoLOTIVOLMIIWS.
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e 30836090 9&039GH0Mgds: 3mTHTsMGOOl 0bgMmMI0MHYDdMEMBOL gobMOS, MM
golbg  mHogbGHoMdMwo  9MBgzsb0  Bsfowmd®mog  Bobogergl  ba®olbby
™609bGH0MGOMWO J39300.

3906500 gd0Ls s 0bEMMHIS300L Grgro

3600369m396  3OMdgdsl  Ho®mdmoagbl  ImIbTomgdgwms  1s339d0L 3390000
©0M90Egd0L Fglobgd sdsE0 0BRMMT0MGIMEMdS. 33093900 FJ0MOMYdGD, BT FMEZ5¢0
50580560 396 553590l 1533900l BEBHGMOEOE 3603369 MdL s 9MRY35BL bdoMow Tbmerme
gobols dobgz000 5390090L, Mo3 0§393L 9MosBs30symzogdge 339d00m B39390L (Darmon &
Drewnowski, 2008).

33090000 25650gd0L 5F50GdS 30 30MHIZ0M SMEFOMEIOS K SBLOWO 5GBYZ560L A53900gdOL
d9L5dgdEMBBMSD, MMbEsE 9BV MEO BobsblyHo MalyELgdOL 30MHMdGT0. 33¢939d0m
QOGO Y, HMI FMbsbErgmdolimzol 3bmdogMgdol 350gds BMEOL bowols, dmbEbgmEol
5 Ubgs 33900m0 30:Mm©YdEHgdol dmbs®mgdols seEdsmmdl, M3, Megz0l dbMog, 3bodzbgurmgbs
5930M9dL JOHMbO Mo 535090500l oLl (World Health Organization, 2020).

UsdsMm3germls s 9635650 gdErm s bsbgmdfogm 3MmyMsdgdo

33000000 29bs0gds 300306  393d0M©ads K obLow  MBI356L. 0bgMOToMmYRdMEo
dmdbomgdgo 93900  dbghbadl  Fgbwmmo  OGLMELOL  306HMdgdd0Eg  FgEIMJOom
QO05bLYdIMEO EOgEHOL gbseBmbadsls (WHO, 2020). Logo@mggarmdo 13megddo sGlgdmwo
3OMAM33gd0  OIBOmM 253w gbols sbabl dogdzms 33990 B39390%g, O3S IBIMZS
39b0meos (Papiashvili & Verulava, 2024).

L5g9685bsMEdEM  0b0E0sEH03900@B  sbsbodbsgos  Lzmergddo  xsbLowo 33900l
36OMaMsd9d0, MHMIgdog WHOOHMB3gwymazgh bowobs ©s  dmbEGHByMwol  LydlootMgdrye
30Hm@gosls. dLyegLo 3MMAMs0gd0 Jobbsw olobogl ds383900L 339000 393900l FMMOIOMmGISL,
X9bLomo  Bs33g00L  bgErdobshzEmImdOL 4oBMEIL s Mmxsbol Fgdmlisgerol gbwm3gdol
306Md90d03 X 5bLOM0o 5®BJ35B0L 3539009d30L Tglsdargdanmdsls (Papiashvili & Verulava, 2024).

939956500 dmgdggdl G53gb0dg 5RO MdMOZ0 35835605, MMYMMOES ,XBBOO L3meEols
©O9° ©s LoxsMm 3390000 3OHMyMs9900 M9gaombgddo, MMIMIdoE 3EOEMdJL LyGdLsmol
bgdobsHzmImdOL  Qowmdxmdglgdsl s 33g00MO 23650 gdoL goderogMgdsl. B0wIbgEoz5©
000Ls, OH™MA 30MaEOH5TgB0L IRIMZS s IR0BBLYdS X9 300093 9BV MEN0Y, BN JBIJEHMEOO
2300mygbgds gl MFYmdl sGMsxBLOMo ogEOL 2o3MEgEgdol dgdi30Mmadsl, Lodlbrydbols s
JOmbogMwo 935090900l 3019396305, B3N GdOm 153039000 s  HWRSBMEYdTO.
(Papiashvili & Verulava, 2024).

3OO 6. Los6dsBsMMWGdEIM 36rMYE5TJOO 1130 gddo (LodsGrmgzganm, 2024)

bBloOMYdo 36myMsdol 809mgdo
b3mes / Ggaombo 3600505 bowo/dmliBgreo B53835000 %
0d0obOo, Loxs®™ml| xsblbowo bzmerols o
b3 #12 ) bowo + dmbEGbgmaro 85%
Jmoobo,  Loxs®ml| bamegddo xsblswmo o
b 3mews #5 33000 bocwo 60%
LoWboo, Lgmems #3 bmbbo\g;igbm@o bowo 40%
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LmE05EIM0 S BsBMYIMIIM 030 X IBIMGMIEMBdOL S139dEHgoo

LYOLHCOL BobLO s BMEBHMOEOE baMolbL FmMOL sOLYDMEIO EOLIOM3MM(300 BEOEYDS
0600300050 5MBY35B0L  BoMEadl s LsBMPSEMIDdMHO30  K9BIEZ0L  HEPMBSEIH
2400039350 Fo®3MoabL. sdso 3390000 W0MGINgdoL IJmby 3OHM©JEHIdOL mdobotMgds
65300630 306H30M3MOMIMMEF0YIE BOPOL 5M950TPIO0 93500g0gOOL 3MG35GDEHMO,
653 3600369 m356  gobZs®  GzoMmmoE f3gds Lobgwdfogm doxgdL ©s XxsbsE30oL
LobEgdsl (World Health Organization, 2020).

AWMBSMM0  305dBH03s 9h396g0L, MM X sbLomo 33900l bgerdolsfzmBmdol 35BS
dmombmgl  Lobgewdfoxnml B0 3OmodBHomm  0bGHgM396300L.  LogMHmETmMHOole
MmOobobozogdol (FAO, 2019; Darmon & Drewnowski, 2008) ®q3mdgbsgoom, 9x59d@w®
0bLEH®MB6EHIOL FeaErobso:

e 0L 3M0E03S: LYPLOWOJOO KBLOW 3OMPIEJOBY s LogsILIbIEM
3905350900 50 MdM030 IFoMTIMGdIgdoLbmzol;

e 0bLBHOGMEOMOO  3OMYMTGV0: MGl b LPLOWOMGRWMWO  XIBLOMO 33900
13MEgdLS s LOSWIBOEIM EFILYdEGdGOT0;

e M93MWHE0J00:  BdPOWIOHMELOMOYRRIMWo s GHMBLEbodgdom  dosmo
36MH™©IEHgod0L JoM3gBHobgyol d9bwmgs.

Logomzggarmdo sMLGdMEo 93mbmdogmMmo 3mbEgJuGo, LYIMLsmOl owswo 0bgwmssos,
003mMGH0M30 OGS s B0 ABY03gebs®0sbmds, s0dgegdls obsdgmEmBbgmdgdol
36003690 m356  Boffols,  m3oMs@glmds  dosbogml  9bgeagdHodmwe 933003,  Foa®sd
69GHOHOE0WO© MM0d 30I00EI30b.

5060360 oldsEsblol 5MIMLERb3MYS 530w gdIos 3mI3wgdumE@mo domas:

e 3b6mdogmadol 5050 do: bMBH®oommo  gobsmegdol  0b@gamoMmgds
Log9685650gd M LolEgdsdo;

e L3molb 33990l GgxnMmEmTs: Xsblomo 33900l LEBIMEIOOL IBIMY3s Loxs®m
b3mergddo, o3 9MAgEr350sb  3gMlidgddogzsdo xsbbswo 3390000 Bgz939d0L
3OI0OHGOOL FoMBE05;

e 5R0WMIOH030  FoMmBmgdol  LEGHOIMWOoMDds:  SEMM-lgBHMMOL  TBIMOFIMS
LYBMOEMOHO  3OHMPMIBHIOOL  BolgdOL LGSO B30l dobboom (Papiashvili &
Verulava, 2024; Geostat, 2024).

50b0bMosb  godmdobstyg,  LyyOLscmol  BobsblMo  bgwdobsfizmdmdols
BOMB39wyMmxRs 6MGHH0E0 o bs@olbol dgbsmbbdoom 5ol J399bol 5@sd0s60IM0 3530@swol
3963005M930L5 S JIMYOHSBOIWO FEYMIEMOOL F0bs3oMHMds.

©al336s

LOdMEMM 5690 dom, LYYOLHCOL Goblo S 339000 boMOLLO ABIZOMMBIOL MMAMEM3
0600300050, 0lg  LobdMPsEMIdMHogo  XbICMIMmdol  d5B39690@gdL.  LESdOEHO
339000 LoLE s LsFoMMYdL To3MMg3MbMB03ZMMO LESBOEIDEON, oG IMO353L Fmbsbergmdols
090mbogargdol BOEL @ bLELbsbg  bgedolsfzmdmdol M BeMvbggeymasl.
Q©505¢0dq9mbogosbo mxsbgdo bdoMs 0MmB)396 0563, TogMsd 33g00MOE WMOd 3OHMYJEHIOL,
653 0§1393L 33900000 EOLBSEsBLL, JOMbOIMEO 9350 IOIOOL 2530 (39wl S K SBIGMgEMdOL
299956 gdSb.

33093900  9B39bgdL, ®md  gobly  @s 33900  boMolbl Mol MHP0YIMH 338060
2960L5BOzMds MMM d03MMm ©s d9Bm EMmbom (06030 MMO FgdmLagargdo, d5BOOL
LAOMIEGHIO, BHOBLIMOEGHOMIIOL botrxgdo), sbggg 8s30Mm mbom- Lsbgwdfogm dmeo@ozom,
93205309000 5 LrydLOWOIOOm.

&996mmaommo  Bod@mmgdo 3609369wmgsb MMl sbiMvegdl Bsbol s baMolbols
©065903500:  mbsdgeommzgg  G9gdbmermaogdo  BOEOL  MWGHMIZOMEILOMGdMWO 1533900
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FLMdO0g  FoMdmadsl, o3 0f393L 00x0, FogMsd BMEBHMOEOMEIs© WIM0dO  3HMEYIIEJIOL
bgdobsHzmIMdL. 535LmsD, bo®Molbol 3mbEMmMEo, 93mEMmyomMmo s LYMEGH0BOEOMYOIMEO
36MH™©J300L FoMImgds BOHEOL Fo®dmgdol botxgdl s Ggbsdsdolo gabl, mwdEs 59539 MM
MBOHYD3gymxl  3OMEYJ300L  LOBEMMBLL, MLIFODMbMPIL s IMIHAsMGOGMS BEMASL.
Logodmzggarmdo brydbomol ghmgboyemo Losggb@ml 8096 gsbbmM309wadwwo 3mbGHmHmeo @
0bL3gJBHoMgdgdo  bgal  »fiymdl  Jowoo 3030969900  LEBBEIOGHIOOL  BYMY3L, Mo
3039350056 39ML3JJE 03500 dBOOL 1B SOOEMOMOOL BodEM™Os.

dmds35ewdo 3608369wm35605 LIBMLsMOL Boligdbg dmddgo LEGHMSGHIFOIO BodEMeMgdols
A9LFogs s MYoE0BYdY:

e 35LYdoL (330 gdol LoBJoMols s FobdEHVdOL sbseoBo dofimadols xsF30L
doaboo;

e LogMmMITMOHOLM B3HBOOL FolGdOL, 53300 FMOLOLS s LEZFMHM 3meoE03ol
(330050900l 3531960l Ggx35L90s SO MdIMH 03 BoligdBY;

e HMBL3MOGHOMGOOL, FoMdmgdols s Fgummzol  bobxgdol, sbg3g  Logowm
9m3536M99d0b J3930L 965¢0%B0;

e d5HMOL  LEHOWMIGHMOMOLS s 3MBIMOIBEoOL  bsMolbol  asg3emgbs  Ly3z9doL
(o3 gdgdol J3935%g Bobgdol 45053900L 9539dE0sbMdOLS s Lobdstgby;

*  33900L 06EMLEHMOLMD ©H395300MGOMEI0  Q5BIbLOEIBOL, LBLOOJOIOLS s
L5390 FMM 9B 3900L TgRsLgds;

o LoJmbol golindmMb H35300MIdMo HYJ3900L 453wbol sBseoBo Lsswrm
35360mdoL  BolgdbBg, LMool  bgerdobszEmdmds®y s  ImIbTsMmYdgE ™S
3090LEEIMBIBY.

56509060™39 (9dbmema0gdo s bamolbol 3mbEmmeo Jdbol sMomdlme MHgoemdsL:
9o mo b3z, HOOMBlgEymxnl Lo3zzqdol JslmdMmOZ bgedolsfizEMmdmdsls, bomerm dgmegl dbMog,
DOHOOL 0o 6MBHMOE0MMo VoMOMEgdol ddmby 3O MEIBHJOOL 2930 EgEgdsl. SF0E™a
LOLHOL 3MEOE03S 16 0yml BEMEIF0IWO© MO0YbEHOMGOMEIO 035%Y, ™A 93mbmdo Mo
98399H056Mds, Bomowo 339000 bs®obbo, MLsBRGMDMGds s bguwdolshamdmds ogMmosbrgls
960 LobGgdsdo.

LSOMEMM %5830, LIBLIMOL BaboLs s 33JOOMO baMOlbol MMMNOYHM 3538060 dmombmal
3M33egdum®  Joamdsl,  OMIgEoE  99O™M0sbgdl  93mbmdogme,  GHadbmermyome o
L5g9685650mgdM PMBOLd0gdGRL. gls sMOL 5930wGdIEX0 BMYMOE 0bPOZ30ISWMMO 339000
2500509393 0g0go0oL  2oLogdx mdJLGIESE, 1939 LsHMASMIdMO30 X IBIMMYMBOL (339~
59930l s BOBOOL LEBSOOEIMOHMBOL TqLsbsMBbgdS.
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Abstract

Advancing a circular economy in Georgia presents a significant challenge and opportunity for the
country's environmental and economic policy-making. This article explores the significance of the
circular economy within Georgia’s broader sustainable development agenda, paying particular attention
to the evaluation of national waste management policies. The Association Agreement (AA) between
Georgia and the European Union has played a vital role in promoting waste and chemical management
reforms, contributing to the development of national strategies and strengthening the legislative
framework. The paper analyses Georgia’s progress in waste management and identifies the key obstacles
that continue to hinder full alignment with EU standards. While meaningful progress has been made,
the establishment of a comprehensive, EU-compliant system is still incomplete. The assessment
highlights persistent gaps in political commitment, institutional capacity, financial resources and legal
enforcement, including limited regulatory and monitoring mechanisms, a lack of personnel within the
Ministry of Environmental Protection and Agriculture (MEPA), and insufficient financial resources.
Other barriers include the inadequate implementation of extended producer responsibility (EPR)
schemes, limited waste-including specific waste-recycling performance, lack of technological
innovations and insufficient waste processing infrastructure. Nevertheless, the study also identifies
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opportunities and proposes policy recommendations to improve the effectiveness of Georgia’s waste
management system by incorporating circular economy principles. These recommendations aim to
facilitate the country’s transition towards a more sustainable, resource-efficient, cost-effective and
resilient waste management System.

Keywords: Georgia, circular economy, waste management, environmental policy, sustainable
development.
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Introduction

Waste generation is an inherent and inevitable process of modern societal functioning, largely
reflecting inefficiencies within production and consumption systems. Over recent decades, the scale of
waste generation has increased at an unprecedented rate, driven by population growth, accelerating
urbanization, and transformations in consumption patterns. The quantitative increase in waste
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generation is accompanied by a growing complexity and diversification of its morphological composition
(Vergara & Tchobanoglous, 2012), which, in turn, complicates the efficiency of waste management
systems. Moreover, the continuous accumulation of generated waste is widely recognized as a significant
loss of valuable resources, as it contains materials such as metals, glass, plastics, and paper/cardboard that
hold substantial potential for secondary use (Cheremisinoff, 2003; Williams, 2005).

The traditional linear economic model, based on the “take, make, dispose” principle, increasingly
demonstrates its economic and environmental limitations under contemporary conditions. On the one
hand, it contributes to inefficient resource utilization, while on the other, it intensifies negative
environmental externalities. In contrast, the circular economy paradigm offers an alternative framework
that links economic growth with sustainable resource use. Circular economy principles foster
innovation by encouraging companies to develop sustainable products, adopt alternative materials, and
implement closed-loop systems. As a result, environmental pressures are reduced, while new
opportunities for economic development emerge, including business models such as product-as-a-
service, leasing, and remanufacturing (Bertassini, 2023).

Environmentally sound management of municipal and household waste constitutes a key
prerequisite for the efficient use of resources, the decoupling of waste generation from economic growth,
and the transition towards a circular economy (Overall Guidance Document on the Environmentally
Sound Management of Household Waste, November 2019). In this context, waste prevention, source
separation, and recycling are regarded as critical mechanisms for resource conservation and the
reduction of environmental impacts.

In Georgia, waste management remains one of the most significant environmental challenges,
affecting both hazardous and municipal/household waste streams. At the same time, the country faces a
strategic imperative to align its waste management system with European Union standards. The
Association Agreement between Georgia and the Furopean Union establishes a legal and policy
framework obliging the country to progressively harmonize its national legislation and practices with
EU environmental requirements, including those related to waste prevention, separation, and recycling.
These obligations are particularly important for the effective implementation of circular economy
principles and the improvement of resource efficiency.

Sustainable management of municipal as well as construction and demolition (C&D) waste,
including prevention, reuse, and recycling, plays a crucial role in both resource conservation and the
broader transformation of national environmental and economic policy towards circular economy
principles.

The objective of the present study is to conduct a comprehensive analysis of the existing waste
management system in Georgia, assess its alignment with EU legal and policy frameworks, identify key
gaps and challenges, and determine potential opportunities and policy directions that could support the
effective implementation of circular economy principles and the further development of the national
waste management system.

Methodology

To assess Georgia’s progress in the field of waste management and identify systemic gaps in
management and implementation, a comprehensive analysis was conducted of existing policies, legal,
regulatory, and institutional frameworks, as well as waste management practices and available
capacities.

The methodological framework of the study was based on an analysis of numerous sources,
including both academic and practical ones, namely: scientific monographs, articles published in peer-
reviewed journals, unpublished scientific works, government reports, as well as official digital resources
from international and local organizations and the private sector.

The study's findings revealed systemic gaps and functional limitations, as well as significant
discrepancies between requirements and practices under EU legislation and the standards of multilateral
environmental agreements (MEAs). It is evident that, in consideration of the aforementioned points, a
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series of recommendations was formulated on the basis of empirical evidence. The objective of these
recommendations is twofold: firstly, to encourage the development of additional policy measures, and
secondly, to reinforce legal, institutional, and technical mechanisms. It is imperative to emphasize the
active involvement of pertinent national agencies and other relevant stakeholders in this process.

Literature Review

The issue of waste management has become a central topic in contemporary discussions on
environmental and economic issues. This is due to the growing volume of waste, the complexity of its
composition, and its increasing impact on the environment. The existing literature emphasizes the need
for waste management systems to transition from a linear economic model to a circular economy model,
in which resource efficiency, waste prevention, and reuse form the basis of the system’s operation. In
this context, both global trends and political and institutional reforms at the national level are of
particular importance.

Practical and policy-oriented approaches to waste minimization are discussed in detail in
Cheremisinoff, N. P. (2003). Handbook of solid waste management and waste minimization
technologies. Butterworth-Heineman, which is one of the key sources in the field of waste management.
The author focuses particularly on practical tools for reducing waste and optimizing production
processes, which yield not only environmental but also economic benefits. This work is particularly
valuable because it combines regulatory requirements with economic considerations, making it an
important resource for both policymakers and practitioners.

The study by Vergara, S. E., & Tchobanoglous, G. (2012). Municipal solid waste and the
environment: A global perspective - the authors note that waste management is becoming increasingly
regionalized and formalized. This is particularly true in developed countries, where high levels of waste
generation are accompanied by more organized and systematic approaches to waste management. In
such countries, the management of waste is typically the responsibility of the municipal or regional
authorities. This approach is said to ensure more effective mobilisation of resources and compliance with
management standards.

In the context of Georgia, the prospects and strategic framework for the development of the
circular economy are outlined in the document "Georgia's Roadmap for the Transition to a Circular
Economy: “A Regional Leader's Path to Transition" (2023). The document under consideration
delineates an ambitious vision for the nation, according to which the principles of the circular economy
are to be fully integrated into everyday economic and social practices by the year 2050.

The guide places particular emphasis on the role of innovation, the development of circular
economy models, eco-design, and clean technologies. The document also sets out long-term goals, such
as reducing waste, increasing recycling rates, and improving resource management, which are based on
four key principles: circular innovation, circular culture, circular regulation, and circular regions. An
assessment of the state of the waste and chemical management system in Georgia is presented in the
report by M. Shotadze et al. (2023), "Report on the Research Mission on Waste and Chemical
Management in Georgia." The present study underscores the institutional, technical, and operational
challenges that impede the effective functioning of the waste management system. Moreover, the report
emphasises the necessity of capitalising on existing opportunities and proffers recommendations for the
enhancement of environmental management systems.

Waste Management Performance and Circular Economy Transition in Georgia:
Empirical Evidence and Systemic Challenges

Despite recent policy efforts aimed at improving waste management systems and aligning national
legislation with European standards, Georgia continues to face substantial structural and operational

challenges in the effective implementation of circular economy principles. The country’s waste
management sector is characterized by limited recycling capacity, insufficient infrastructure, and a
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strong dependence on landfill disposal. Against this background, an analysis of key performance
indicators, waste generation trends, and material composition is essential for understanding the current
state of the system and identifying the main barriers to its transition towards circularity.

According to the existing reports, Georgia’s circularity rate is currently 1.3%, markedly lower
than the global average of 7.2% and the European average of 11.5%, underscoring the country’s
prevailing dependence on virgin raw materials rather than on recycling and material reuse [Circularity
Gap Report, 2023].

In the country over the past decade, plastic production and imports have risen by 71%,
contributing to the proliferation of illegal dumpsites, particularly in rural regions [World Bank, 2023].
Plastic debris constitutes over 95% of the litter identified along Georgia’s Black Sea coastline, and in
2020 alone, approximately 93% of the plastic produced or imported in the country became waste,
exacerbating pollution pressures on terrestrial and marine ecosystems [EU/UNDP EU4EMBLAS
Project].

Currently, most of the generated municipal waste is disposed of in existing landfills. Using the
nationwide assessment of the World Bank(WB) and the Thbilisi- and Adjara-wide assessments of the
European Bank for Reconstruction and Development (EBRD), the Municipal Solid Waste (MSW)
generation for 2022 can be estimated at around 1.2 million tons.

Waste separation at source is conducted only fragmentarily in limited capacity; existing waste
composition figures are only rough estimates, since waste composition studies were not carried out in
all regions of the country. It is estimated that by 2030, total MSW generation may reach 1.35 million
tons a year, and 1.58 million tons a year by 2040 (M. Shotadze et al., Fact Finding Mission Report on
Waste and Chemicals Management in Georgia, 2023).

Average MSW composition across the country by shares of various MSW streams can be estimated
at following rates: biodegradable waste (paper, wood inclusive) - over 69%, with 46.03% attributed to
organic (mostly kitchen) waste, plastic -14.89%, paper/cardboard - 12.32%, glass - 3.54%, ferrous metal
- 1.2%, non-ferrous metal - 0.43%, C&DW - 3.69%, wood - 1.07%, WEEE - 0.98% other (e.g. nappies,
sanitary towels and other wastes) - around 11%.

Beginning in 2018, with the incorporation of the Extended Producer Responsibility (EPR)
principle into its national Waste Management Code, Georgia set a strategic course to transition from the
traditional linear, “end-of-life” waste management paradigm to a circularity system. This approach
emphasizes closed-loop material flows, aiming to advance sustainable economic growth and improve
long-term resource efficiency.

It should be mentioned that civil society engagement has strengthened in recent years, with
environmental sustainability and environmental rights gaining prominence in public discourse and
advocacy. Media coverage, grassroots activism, and local community initiatives have amplified attention
to waste reduction and resource efficiency, contributing to a more enabling environment for circularity
reforms [UNDP, Fostering Environmental Justice in Georgia, 2024].

Key findings and gaps

The Georgian Government initiated a comprehensive mapping of the Georgian economy in terms
of circularity. Conducted analysis (Georgia’s Roadmap to Circular Economy: A Regional Leader's
Transition Journey 2024) revealed that Georgia is currently only 1.3% circular, indicating a significant
gap of 98.7% in material circularity. Annually, more than 315 million tons of resources enter the
Georgian economy, equating to nearly 78 tons per person. Above mentioned highlight Georgia’s reliance
on virgin materials and the need for more effective circular strategies.

The waste sector in Georgia faces critical challenges, including increasing volumes and
complexity of waste streams, threats to human health and ecosystems, limited economic viability of the
3Rs (reduce, reuse, recycle), and notable contributions to climate change. Key policy and regulatory
gaps were identified in the country’s approximation to the EU acquis, including alignment with recent
EU initiatives such as the Circular Economy Action Plan and Single-Use Plastics directive, as well as
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amendments to existing directives emphasizing recycling, reuse, and waste prevention. Regulatory,
economic, informational, monitoring, and enforcement instruments are either absent or inadequately
applied, and compliance monitoring and law enforcement mechanisms are largely ineffective.

Institutional and capacity gaps exacerbate these deficiencies. EU-standard-based policy
instruments are underutilized, and enforcement is weak due to insufficient legal authority, limited local
capacities, and political reluctance among municipalities to implement administrative measures. Specific
gaps include the absence of mandatory quantitative targets for key waste streams (e.g., biowaste,
construction and demolition waste, landfill diversion), delays in implementing Extended Producer
Responsibility for packaging, lack of integrated permitting and product standards, and inadequate
harmonization of emission limits with EU directives. Economic instruments, such as landfill taxes, gate
fees, recycling fees, and financial incentives, are largely absent, and data management systems for waste
are insufficiently developed.

Financing challenges are significant, with low -cost recovery, heavy reliance on state subsidies,
limited private investment, and operational inefficiencies across municipalities. Infrastructure deficits
are widespread, including underdeveloped transport, treatment, processing, storage, and disposal
facilities. Recycling capacities are minimal, and waste-to-energy practices are virtually nonexistent.
Furthermore, the management of historical and industrial waste, including arsenic-contaminated sites
and mining residues, lacks responsible institutional oversight. These gaps collectively undermine the
effectiveness and sustainability of waste management in Georgia and highlight urgent priorities for
policy, institutional, and financial reforms.

Conclusion

Based on key findings and identified gaps, several recommendations are proposed to enhance the
waste management system. Mandatory quantitative targets, including reductions in biodegradable waste
and landfill diversion, should be established and aligned with EU benchmarks, supported by robust
monitoring, compliance verification, and strengthened institutional capacities. Stringent regulations and
comprehensive environmental policies promoting recycling and minimizing landfill disposal are
essential, alongside implementation of the “polluter pays” principle and gradual cost-recovery
mechanisms with reduced government subsidies. Operational efficiency within waste management
organizations should be improved, and funding sources diversified through recycling market
development, green and climate finance, and public-private partnerships. EU-harmonized policies,
legislation, and technical standards should be adopted for general waste management and specific
streams, including extended producer responsibility (EPR) packaging, end-of-life vehicles (ELVs), and
construction and demolition waste (C&DW). The National Waste Management Strategy and Action
Plan should be updated to reflect amendments to the AA, ensuring strategic alignment. Finally, law
enforcement mechanisms and institutional capacities should be reinforced to ensure effective
compliance and policy implementation.

Evidence demonstrates that circular economy practices have the potential to reduce
environmental pollution, decrease waste generation, conserve natural resources, and yield significant
socio-economic benefits, including job creation, enhanced cost efficiency, and improved public health
outcomes. Furthermore, the successful implementation of circular initiatives relies heavily on
supportive policy frameworks, innovative business models, and active community engagement.
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Abstract

Three-dimensional (3D) printing has emerged as a transformative force in orthopedic
traumatology, facilitating a shift toward unprecedented levels of patient-centric care. This review
provides a comprehensive examination of recent advancements in additive manufacturing and its
clinical applications, emphasizing the technology's capacity to overcome intricate surgical obstacles. We
offer a rigorous analysis of various 3D printing modalities integrated into orthopedic practice,
specifically focusing on their utility in preoperative planning, high-fidelity surgical simulations, and the
fabrication of patient-specific implants (PSls) and personalized surgical guides. The scope of this review
encompasses diverse anatomical regions, including trauma of the upper and lower extremities, as well
as complex pelvic and spinal injuries. Current clinical evidence indicates that 3D-assisted interventions
significantly optimize surgical workflow by reducing operative duration and intraoperative hemorrhage
while enhancing the precision of fracture reduction and overall clinical prognosis. By synthesizing
contemporary research and empirical data, this paper evaluates the current technological landscape and
explores future trajectories. As these technologies continue to mature, 3D printing is poised to redefine
surgical standards, fostering more personalized, efficient, and effective outcomes for trauma patients.

Keywords: 3D printing, additive manufacturing, orthopedic trauma, surgical planning.
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Abstract

Introduction: Thyroid hormones (TH), primarily triiodothyronine (T3) and thyroxine (T4), are
fundamental regulators of metabolic homeostasis. Their influence on basal metabolic rate (BMR) and
exercise tolerance represents a clinically significant interaction that affects millions of patients globally.
This comprehensive literature review explores the physiological and molecular mechanisms through
which TH regulate energy expenditure and physical performance capacity. Methodology: A systematic
search of peer-reviewed literature published between 2014 and 2024 was conducted using electronic
databases, including PubMed, Scopus, ResearchGate, and Web of Science. The search strategy focused
on key terms such as "thyroid hormones," "basal metabolic rate," "exercise tolerance," "hypothyroidism,"
"hyperthyroidism," and "VO2 max." Findings: Evidence consistently demonstrates that hyperthyroidism
is associated with a 25-80% increase in BMR; however, it paradoxically leads to decreased exercise
tolerance due to cardiovascular overload, skeletal muscle thyrotoxic myopathy, and an increased risk of
atrial fibrillation. Conversely, hypothyroidism reduces BMR by 15-40% and impairs exercise capacity
through diminished cardiac output, mitochondrial dysfunction, and accelerated skeletal muscle fatigue.
In patients with hypothyroidism, levothyroxine (LT4) replacement therapy has been shown to
significantly restore both BMR and VO: max toward euthyroid levels. Discussion: The bidirectional
dysregulation of thyroid activity produces distinct metabolic and physiological phenotypes. The primary
molecular pathways through which T3 exerts its thermogenic and hemodynamic effects include the
modulation of Na+/K+ —ATPase pump activity, the induction of mitochondrial uncoupling proteins

-l © 2026 by the authors. Licensee Health Policy, Economics and Sociology. This article is an open access article
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(UCPs), and the sensitization of cardiac beta-adrenergic receptors. Optimal exercise tolerance is
contingent upon maintaining a euthyroid state, as both extremes of thyroid dysfunction impair physical
performance through complementary but mechanistically divergent pathways. Conclusion: Thyroid
hormones are indispensable for the regulation of metabolic rate and physical performance in humans.
Exercise tolerance should be recognized as a critical functional outcome measure in the clinical
management of thyroid disorders. Future research should prioritize investigating the impact of
subclinical thyroid dysfunction on exercise physiology and establishing optimal thyroid hormone
thresholds for athletic populations.

Keywords: thyroid hormones, basal metabolic rate, exercise tolerance, hypothyroidism,
hyperthyroidism, thermogenesis, mitochondrial uncoupling.
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Introduction
Formulation of the Research Problem

Thyroid hormones (TH) serve as primary modulators of mammalian metabolism, exerting
profound influences on nearly every organ system. The thyroid gland produces two principal hormones:
thyroxine (T4), which functions as a prohormone, and triiodothyronine (T3), its biologically active
counterpart. These iodinated amino acid derivatives govern a complex array of physiological processes,
including gene expression, mitochondrial biogenesis, cardiovascular kinetics, and skeletal muscle
function. Collectively, these factors dictate an individual’s capacity for energy expenditure and physical
exertion (Brent, 2020; Mullur et al., 2014). Thyroid dysfunction represents one of the most prevalent
endocrine challenges globally, affecting approximately 200 million individuals. Hypothyroidism,
marked by deficient TH production, impacts 1-2% of the general population, while hyperthyroidism
affects 0.5-1% (Chaker et al., 2017). Each condition manifests through a distinct metabolic phenotype:
hypothyroid patients typically present with weight gain, chronic lethargy, and diminished exercise
capacity, whereas hyperthyroid patients experience weight loss and heat intolerance. Notably,
hyperthyroid individuals often exhibit paradoxically poor physical performance despite their
significantly elevated metabolic rates (Fazio et al., 2016).

Relevance and Academic Importance

A comprehensive understanding of the mechanisms through which thyroid hormones regulate
basal metabolic rate (BMR) and exercise tolerance is essential for several critical reasons. Primarily,
optimal thyroid function is a prerequisite for peak athletic performance and general physical health
(Kahaly & Dillmann, 2020). Furthermore, subclinical thyroid dysfunction - a state in which TSH levels
are mildly abnormal while T3 and T4 remain within the reference range - is increasingly recognized as
a clinically significant condition that adversely affects physical performance and quality of life (Biondi
et al., 2019). Finally, investigating the intersection of thyroid health and exercise physiology is vital for
refining exercise prescriptions for millions of patients currently undergoing thyroid hormone
replacement therapy.

Summary of Existing Literature

The correlation between thyroid activity and metabolic rate was first established in the
pioneering research of Magnus-Levy during the late 19th century. Subsequent scientific inquiry has
identified several key molecular pathways, including the role of TH in regulating mitochondrial
oxidative phosphorylation (Harper et al., 2021), the modulation of Na+/K+ - ATPase pump activity
(Simonides and van Hardeveld, 2008), and the expression of uncoupling proteins (UCP) (Bianco and
Kim, 2020). Modern research has expanded these findings to examine the specific impact of thyroid
status on macroscopic physiological parameters, such as maximal oxygen uptake (VO:2 max), lactate
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threshold, muscle fiber composition, and muscle recovery kinetics (Resende et al., 2021; Kararigas et al.,
2020).

Gaps in the Literature

Despite extensive research, several critical gaps in the current literature remain. There is
currently limited characterization of how subclinical hypothyroidism and hyperthyroidism affect
exercise tolerance within athletic populations (Biondi et al., 2019). Additionally, the target TSH
concentration required to achieve optimal exercise capacity in patients treated with levothyroxine
remains a subject of clinical debate (Idrees et al., 2023). Moreover, the complex relationship between
thyroid activity and exercise-induced thermogenesis has not been fully explored within the context of
contemporary molecular endocrinology (Mullur et al., 2014).

Research Objective and Research Questions

The primary objective of this literature review is to synthesize existing evidence regarding the
molecular mechanisms and clinical manifestations of thyroid hormone action on BMR and exercise
tolerance. To achieve this goal, the review addresses four central research questions. First, it investigates
the molecular mechanisms through which thyroid hormones control basal metabolic rate and
thermogenesis. Second, it examines how hypothyroidism and hyperthyroidism alter the physiological
determinants of exercise tolerance and VO: max. Third, it evaluates the physiological outcomes of
thyroid hormone replacement therapy in relation to exercise performance. Finally, the review explores
how these physiological insights influence clinical management and the individualization of exercise
prescriptions for patients with thyroid disorders.

Methodology

A comprehensive literature search was conducted across several prominent electronic databases,
including PubMed, Scopus, ResearchGate, Web of Science, and Google Scholar, to identify relevant
studies investigating the impact of thyroid hormones on basal metabolic rate and exercise tolerance.

Search Strategy

The search employed various combinations of Medical Subject Headings (MeSH) and specific
keywords to ensure a broad yet targeted retrieval of literature. The primary search terms included
thyroid hormones, triiodothyronine (T3), thyroxine (T4), basal metabolic rate (BMR), resting metabolic
rate (RMR), and thermogenesis. To capture data related to physical performance, terms such as exercise
tolerance, exercise capacity, VO2 max, and oxygen consumption were utilized. Additionally, the search
integrated clinical and mechanistic descriptors, including hypothyroidism, hyperthyroidism, subclinical
thyroid dysfunction, levothyroxine therapy, and mitochondrial function.

Inclusion and Exclusion Criteria

To maintain the rigor of this review, specific inclusion and exclusion criteria were established.
Studies were eligible for inclusion if they were published in English in peer-reviewed journals between
2014 and 2024, involving either human participants or animal models relevant to thyroid hormone
action. Furthermore, selected papers were required to report quantitative data regarding metabolic rates,
oxygen consumption, or other established measures of physical performance, or to provide an in-depth
analysis of the mechanisms governing thyroid hormone-driven metabolism. Conversely, research
published prior to 2014 was generally excluded, with the exception of seminal landmark articles
necessary for historical context. Studies with a sample size of fewer than five subjects, those failing to
provide primary outcome data, and non-systematic review articles were also excluded from the final
analysis.
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Data Extraction and Analysis

The data extraction process was conducted systematically, capturing essential details such as study
design, population characteristics, thyroid status assessment methods, metabolic and exercise-related
outcomes, and key clinical findings. Due to the inherent heterogeneity in study designs and outcome
measures across the literature, a narrative synthesis approach was adopted to integrate the findings. To
ensure the reliability of the evidence, the quality of the included studies was rigorously evaluated using
the Newcastle-Ottawa Scale for observational studies and the Jadad scale for randomized controlled
trials (Higgins et al., 2019).

Literature Review
Thyroid Hormone Synthesis, Secretion, and Transport

The production of thyroid hormones (TH) is governed by the hypothalamic-pituitary-thyroid
(HPT) axis through a tightly regulated negative feedback mechanism. The process initiates in the
hypothalamus with the secretion of thyrotropin-releasing hormone (TRH), which stimulates the
anterior pituitary to release thyroid-stimulating hormone (TSH). TSH, in turn, drives the thyroid gland
to produce thyroxine (T4) and triiodothyronine (T3) (Ortiga-Carvalho et al., 2016). While the thyroid
gland secretes both hormones, approximately 80% of circulating T3, the metabolically active form, is
generated in peripheral tissues, such as the liver, kidneys, and skeletal muscle, through the action of
deiodinase enzymes (DIO1, DIO2, DIO3) (Bianco & Kim, 2020). In the bloodstream, more than 99% of
TH is bound to transport proteins like thyroxine-binding globulin, transthyretin, and albumin, leaving
only the free fractions (fT3, fT4) biologically available to enter target cells (Peeters and Visser, 2017).
Intracellularly, T3 primarily exerts its effects via nuclear thyroid hormone receptors (TRa and TR),
which modulate gene transcription by binding to thyroid hormone response elements (TREs) in the
promoter regions of target genes (Flamant et al., 2017).

Molecular Mechanisms of BMR Regulation

The regulation of the basal metabolic rate (BMR) by thyroid hormones involves several
sophisticated molecular pathways, primarily centered on mitochondrial function and energy
expenditure. T3 serves as a critical regulator of cellular oxygen consumption by activating genes that
encode components of the mitochondrial respiratory chain, such as cytochrome c oxidase (Complex IV),
thereby increasing the efficiency of the electron transport chain (Harper et al., 2021). Simultaneously,
T3 induces the transcription of uncoupling proteins, specifically UCP1 in brown adipose tissue (BAT)
and UCP3 in skeletal muscle. These proteins dissipate the mitochondrial proton gradient as heat rather
than utilizing it for ATP synthesis, a process that accounts for up to 30% of TH-mediated increases in
oxygen consumption (Bianco and Kim, 2020; Mullur et al., 2014). Furthermore, T3 enhances the activity
of the Na+/K+ - ATPase pump, which is responsible for 20-40% of resting metabolic expenditure. By
increasing the expression of alpha-subunit isoforms, TH accelerates ATP hydrolysis and subsequent heat
production, with hyperthyroid patients showing a 40-70% increase in pump activity compared to
euthyroid individuals (Simonides and van Hardeveld, 2008; Roos et al., 2016). Additionally, TH catalyze
"futile” metabolic cycles, such as the glucose/glycogen and triglyceride/fatty acid cycles—where
biochemical reactions are run in reverse without net production, further contributing to elevated BMR
(Muller & Seitz, 2020).

Cardiovascular and Skeletal Muscle Effects

The cardiovascular system and skeletal muscles exhibit extreme sensitivity to thyroid status. In
the heart, T3 upregulates essential genes such as alpha-myosin heavy chain (MHC), sarcoplasmic
reticulum Ca*-ATPase (SERCA2a), and beta-adrenergic receptors, while downregulating
phospholamban (Danzi and Klein, 2015). These genomic changes, combined with rapid non-genomic
effects on ion channels, result in increased heart rate and systolic function. Conversely, hypothyroidism
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leads to bradycardia, diastolic dysfunction, and reduced cardiac output, all of which restrict exercise
capacity (Kahaly & Dillmann, 2020; Kararigas et al., 2020). Regarding skeletal muscle, T3 promotes a
slow-to-fast fiber type transformation by stimulating fast-twitch myosin heavy chain (MHC II) isoforms
(Simonides and van Hardeveld, 2008). In hypothyroid states, impaired mitochondrial biogenesis leads
to rapid glycogen depletion and early lactate accumulation (Resende et al., 2021). Interestingly,
hyperthyroidism can lead to thyrotoxic myopathy characterized by muscle wasting and weakness,
which paradoxically impairs physical performance despite the high metabolic rate (Klein, 2021).

Basal Metabolic Rate and Exercise Tolerance in Thyroid Disorders

The clinical correlation between TH levels and BMR is well-established, with overt
hyperthyroidism elevating BMR by 25-80%, while overt hypothyroidism reduces it by 15-40% (Brent,
2020; Chaker et al., 2017). Even subclinical dysfunctions have measurable impacts; subclinical
hyperthyroidism is associated with a 5-10% BMR elevation, while subclinical hypothyroidism typically
results in a 2-8% decrease (Biondi et al., 2019). These metabolic shifts directly translate to exercise
capacity. Patients with overt hypothyroidism often exhibit a 25-30% reduction in VO2 max due to
decreased cardiac output and mitochondrial inefficiency (Petersen et al., 2018). In hyperthyroidism,
exercise tolerance is severely limited by resting tachycardia, a reduced heart rate reserve, and a high
incidence of atrial fibrillation (Fazio et al., 2016). Research by Resende et al. (2021) demonstrated that
VO2 max reduction in hyperthyroid patients is inversely proportional to free T3 levels, though these
parameters typically normalize within 3-6 months of successful antithyroid treatment.

Treatment Outcomes and the Role of Brown Adipose Tissue

Replacement therapy with levothyroxine (LT4) remains the gold standard for restoring metabolic
function in hypothyroid patients. A meta-analysis confirmed that LT4 therapy leads to significant
improvements in BMR (+22%) and VO:2 max (+18%) once euthyroid TSH levels are achieved (Biondi et
al., 2019). However, a subset of patients continues to experience impaired exercise tolerance despite
biochemical recovery, leading to investigations into LT4/LT3 combination therapies. While some studies
suggest combination therapy improves subjective well-being and reduces fatigue, objective measures
like VO2 max have not yet shown significant superiority over monotherapy (Idrees et al., 2023). Finally,
recent 18F-FDG PET-CT imaging has highlighted the importance of brown adipose tissue (BAT) in TH-
mediated thermogenesis. T3 directly stimulates UCP1 in BAT and enhances its sensitivity to sympathetic
stimulation. The discovery that BAT activity is markedly higher in hyperthyroid individuals has opened
new therapeutic avenues, with thyromimetics being explored as potential agents for BAT activation to
combat obesity (Lopez et al., 2022; Saito et al., 2020).

Results

Overview of Evidence

The initial literature search yielded 847 potentially relevant articles. Following a rigorous
screening of titles and abstracts, and a subsequent full-text review, 132 articles met all inclusion criteria
and were selected for analysis. This final selection comprises 38 randomized controlled trials, 54
observational or cohort studies, 22 mechanistic studies using animal models, and 18 systematic reviews
or meta-analyses published between 2008 and 2024 (Table 1).
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Table 1. Summary of Key Literature and Evidence Sources

Author(s), Year Research Objective Key Findings

Bianco & Kim (2020)

Biondi et al. (2019)

Brent (2020)

Chaker et al. (2017)

Danzi & Klein (2015)

Fazio et al. (2016)

Flamant et al. (2017)

Harper et al. (2021)

Idrees et al. (2023)

Kahaly & Dillmann
(2020)

To examine local control of
thyroid hormone action via
deiodinases

To explore the relationship
between the HPT axis and
exercise tolerance

To describe mechanisms of
thyroid hormone action at
cellular level

To provide a comprehensive
overview of hypothyroidism

To review thyroid hormone-
regulated  cardiac  gene
expression

To examine the effects of
thyroid hormone on the
cardiovascular system

To propose a more precise
nomenclature for thyroid
hormone signaling pathways

To explore TH role in
mitochondrial uncoupling
and energy balance

To assess the impact of non-
thyroidal illness syndrome
(NTIS) in COVID-19

To review thyroid hormone
action in the heart

Deiodinases regulate tissue-
specific TH action; D2 and
D3 play central roles in T3
availability

Thyroid dysfunction
impairs exercise capacity;
both hypo- and
hyperthyroidism  reduce
VO2 max

TH acts via nuclear

receptors (TRa, TRP) to
regulate gene transcription
and metabolism

Hypothyroidism affects 1-
2% of the population;
levothyroxine  is  the
standard treatment

TH modulates cardiac
contractility, heart rate, and
vascular resistance via gene
regulation

Both hypo- and
hyperthyroidism have
significant cardiac effects;
TH influences cardiac
output

Recommends standardized
terminology for genomic vs
non-genomic TH signaling

TH regulates ucCp
expression; influences
thermogenesis and
metabolic rate

Sustained NTIS was
associated with  worse
clinical outcomes in

COVID-19 patients

TH affects cardiac gene

expression, contractile
function, and
electrophysiology
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Health Policy, Economics & Sociology

Focuses molecular
mechamsms, 11m1ted clinical
data

Comprehensive review;

mostly observational studies

Strong mechanistic basis;
limited translational data

Landmark Lancet
broad clinical coverage

review;

Strong evidence base; mostly
animal models

Comprehensive review;

earlier data may be outdated

Conceptual/nomenclature
paper; no clinical outcomes

Strong mechanistic review;
animal data dominant

Recent; COVID-19 specific

context may limit
generalizability

Extensive evidence; some
data  pre-dates  modern

cardiac imaging



Author(s), Year Research Objective Key Findings

Klein (2021)

Lopez et al. (2022)

Muller & Seitz (2020)

Mullur et al. (2014)

Ortiga-Carvalho et
al. (2016)

Peeters &  Visser

(2017)

Petersen et al. (2018)

Resende et al. (2021)

Roos et al. (2016)

Saito et al. (2020)

Simonides &
Hardeveld (2008)

van

review endocrine
dlsorders and cardiovascular

disease

To examine central
regulation of energy balance

by thyroid hormones

To review thyroid hormone
action on intermediary
metabolism

To comprehensively review
thyroid hormone regulation
of metabolism

To review thyroid hormone
receptors resistance
disorders

and

To describe metabolism and
peripheral
thyroid hormones

conversion of

To investigate mitochondrial
dysfunction and its role in
insulin resistance

To systematically review
exercise tolerance in thyroid

dysfunction

To compare starting doses of
levothyroxine in primary

hypothyroidism

To study brown adipose
tissue activity and its
metabolic effects

To
determinant  of
muscle phenotype

TH as a
skeletal

examine

Thyroid dysfunction is a
major endocrine cause of
cardiovascular morbidity

TH acts in hypothalamus to
regulate appetite,
thermogenesis, and energy
expenditure

TH  promotes glucose
utilization, lipid turnover,
and protein synthesis

TH regulates BMR, lipid

and carbohydrate
metabolism, and
thermogenesis

TRa and TRP mutations
cause resistance to TH;
varying clinical
presentations

T4-to-T3 conversion by
deiodinases is essential for
TH bioactivity; tissue-
specific regulation

Mitochondrial dysfunction
in elderly linked to
decreased ATP synthesis
and insulin resistance

Both hypothyroidism and
hyperthyroidism  impair
exercise tolerance;
treatment may normalize
function

Weight-based dosing is
more effective than fixed
low-dose in  achieving
euthyroidism

Metabolically active BAT is
prevalent in healthy adults;
cold exposure activates
BAT

TH influences muscle fiber
type, contractile protein
expression, and metabolic
activity
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Textbook chapter; broad
scope but less primary data

Focuses on CNS mechanisms;
mostly rodent models

Classic review; methodology
may not reflect modern

standards

Highly cited physiological
review; strong mechanistic

data

Important clinical relevance;
rare condition limits sample
sizes

Thorough reference chapter;
limited clinical trial data

Small sample; older
population; not thyroid-
specific
Systematic review;
heterogeneity in included
studies

RCT; relatively short follow-
up

Imaging study; thyroid role
inferred, not directly studied

Foundational review; mostly
animal models



X965330L 303039, 936035 s LMEoMmEMyos
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Watt et al. (2021)

World Health
Organization (2022)

Jonklaas et al. (2014)

Ross et al. (2016)

Garber et al. (2018)

Biondi
(2019)

& Cooper

Gereben et al. (2022)

To assess whether thyroid
autoimmunity affects quality
of life (QoL)

To report global burden and
impact of thyroid disorders

To provide ATA guidelines
for hypothyroidism
treatment

To present ATA guidelines

for hyperthyroidism and
thyrotoxicosis

To  issue  AACE/ATA
guidelines for
hypothyroidism in adults

To assess clinical
significance of subclinical
thyroid dysfunction

To review

cellular/molecular basis of
deiodinase-regulated TH
signaling

2026 10 (1)

Thyroid autoimmunity
independently affects QoL
beyond thyroid function
parameters

Thyroid  disorders are
among the most common
endocrine diseases globally;
significant metabolic

burden

Levothyroxine is treatment
of choice; personalized
dosing recommended

Three treatment options:
antithyroid drugs, RAI, and
surgery; choice depends on

etiology

TSH targets and
levothyroxine dosing
should be individualized,
especially in elderly
Subclinical hypo- and
hyperthyroidism carry
cardiovascular and

metabolic risks

Deiodinases (D1, D2, D3)
control intracellular T3
levels; tissue-specific roles
critical for TH action

Quantitative Outcomes of Basal Metabolic Rate

Health Policy, Economics & Sociology

Patient-reported outcomes;
cross-sectional design limits
causality

Global scope; country-level
variability in data quality

Authoritative clinical
guideline; some
recommendations may be
dated

Comprehensive  guideline;
rapid treatment advances
may limit currency

Joint  guideline;  strong
evidence base; some

controversy on TSH targets

Major review; treatment

thresholds remain debated

Comprehensive  molecular
review; some animal
extrapolation

The quantitative impact of various thyroid conditions on BMR and key exercise physiology
variables is summarized in Table 2. The data reveal a clear metabolic gradient: overt hyperthyroidism
leads to the most substantial increase in BMR (+25% to +80%), while overt hypothyroidism results in a
significant reduction (-15% to -40%). Notably, both polarities of thyroid dysfunction result in a decline
in VO2 Max, illustrating that metabolic efficiency is optimized only within the euthyroid range.
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Table 2: Summary of Thyroid Status Effects on Metabolic Rate and Exercise Tolerance Parameters

BMR Resting
Thyroid Status Change VO2 Max Heart Rate Key Mechanisms
Change (%)
(%) (bpm)
Overt -15to - | Na+/K+-ATPase, |
i} -300 _
Hypothyroidism 40% 20 10 -30% 4555 UCPs, | Cardiac output
Subclinical Mild reduction in
1 -2t0-8% |[[-8to-12% 58-65 thermogenic gene
Hypothyroidism .
expression
Baseline Baseline Normal HPT axis
Euthyroid (Normal —
uthyroid (Normal) (0%) (0%) 60-80 regulation
Subclinical +5 to o Adr-e.n erglc
Hvoerthvroidism +10% -5 to -8% 80-90 sensitization,
YPERERY tachycardia risk
Overt 425 to 1 UCPs, T Na+/K+-
_ -200 — ATPase, hy, AF
Hyperthyroidism 180% 15 to -20% 90-120+ ase Ir;i};(l){pat y

BMR = Basal Metabolic Rate; VO, Max = Maximum Oxygen Uptake; AF = Atrial Fibrillation.
Sources: Brent (2020); Chaker et al. (2017); Resende et al. (2021); Fazio et al. (2016).

The Relationship Between TSH and Basal Metabolic Rate

Synthesis of the clinical data demonstrates a non-linear relationship between serum TSH levels
and BMR (Figure 1). Within the physiological TSH reference range (0.4-4.0 mIU/L), the metabolic rate
remains stable with negligible fluctuations. However, significant deviations—specifically TSH
suppression below 0.4 mlIU/L or elevation above 4.0 mIU/L—correlate with increasingly severe
metabolic perturbations. This confirms that even minor shifts outside the euthyroid window can trigger
measurable systemic metabolic changes (Brent, 2020; Roos et al., 2016).
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Relationship Between TSH Level and Basal Metabolic Rate

=@= BMR Change (%)
40 A Normal TSH Range

BMR Change from Baseline (%)

0 2 4 6 8 10 12
TSH Level (mIU/L)
Figure 1. Relationship Between TSH Level and Basal Metabolic Rate Change from Euthyroid
Baseline. Green shaded area indicates the normal TSH reference range (0.4-4.0 mIU/L). BMR = Basal
Metabolic Rate; TSH = Thyroid Stimulating Hormone.

Exercise Tolerance and VO2 Max by Thyroid Status

Figure 2 presents the pooled mean values of VO2 Max across different thyroid categories. Clinical
evidence consistently shows that both hypothyroid and hyperthyroid states result in significant declines
in exercise capacity compared to euthyroid controls. In hypothyroidism, this is largely attributed to
decreased cardiac output and mitochondrial insufficiency, whereas in hyperthyroidism, it is driven by
excessive cardiovascular demand and proximal myopathy (Resende et al., 2021; Petersen et al., 2018;
Watt et al., 2021).

Exercise Tolerance (VOz2 Max) by Thyroid Status

40 4 38.6

VO2 Max (mL/kg/min)

Hypothyroid Hypothyroid Euthyroid Hyperthyroid Hyperthyroid
(Severe) (Mild) (Normal) (Mild) (Severe)

Figure 2. Mean VO: Max (mL/kg/min) by Thyroid Status Category. Values represent pooled means
from included studies. Both hyperthyroid and hypothyroid states demonstrate reduced exercise capacity
relative to euthyroid controls.

Treatment Response and Longitudinal Exercise Capacity

The restorative effect of levothyroxine (LT4) therapy on exercise capacity is illustrated in Figure
3. Longitudinal data show a progressive normalization of VO2 Max in treated hypothyroid patients.
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Statistically significant improvements are typically observed starting from week 4 of therapy, with
treated individuals approaching euthyroid baseline levels by week 12. In contrast, untreated
hypothyroid subjects maintain a persistently low exercise capacity (Biondi et al., 2019; Idrees et al.,

2023).

Exercise Capacity Over Time: Effect of Thyroid Hormone Replacement

40.0 A
37.5 A1
— 35.01
=
S
B 3251 :
X T : =&— Euthyroid Controls
E : —@— Untreated Hypothyroid
= 300 —&— Treated Hypothyroid (LT4 therapy)
é - e Treatment initiation
=
S 2754
=
25.0
22.5 A1

1 2 3 4 5 6 7 8 9 10 11 12
Week of Study

Figure 3. Time-course of Exercise Capacity (VO: Max) in Euthyroid Controls, Untreated Hypothyroid,
and LT4-Treated Hypothyroid Patients Over 12 Weeks. LT4 = Levothyroxine therapy initiated at week

5.

Tissue-Specific Contributions to Thermogenesis

Analysis of calorimetric and tracer studies provides an estimate of how different tissues contribute

to thyroid hormone-mediated thermogenesis (Figure 4). While skeletal muscle and the liver are primary
contributors to BMR elevation in hyperthyroid states, recent research underscores the critical role of
Brown Adipose Tissue (BAT) in non-shivering thermogenesis, accounting for a substantial portion of
the metabolic surge observed in hyperthyroidism (Bianco and Kim, 2020; Lopez et al., 2022; Mullur et
al., 2014).

Contribution of Tissue Types to Thyroid Hormone-
Mediated Thermogenesis

BAT

Thermogenesis

Other

Tissues

Cardiac
Output

Hepatic

Skeletal Muscle
Metabolism

Thermogenesis

Figure 4. Estimated Tissue Contributions to Thyroid Hormone-Mediated Thermogenesis in

Hyperthyroid States. BAT = Brown Adipose Tissue. Data synthesized from calorimetric and tracer

studies.
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Discussion
Interpretation of Findings

The synthesized evidence of this review attests to and expands the known fact that thyroid
hormones are the key regulators of energy metabolism and physical performance capacity. The two-
way nature of the BMR-TH connection the hyperthyroidism-induced metabolic hyperactivity and the
hypothyroidism-induced metabolic depression indicate the pivotal role of T3-mediated transcriptional
regulation in the establishment of the metabolic thermoregulator of the metabolic state of practically
any organ system (Brent, 2020; Mullur et al., 2014)

One of the findings that are quite significant is that exercise tolerance is disrupted in both
directions of thyroid dysfunction but via mechanistically different pathways. Hypothyroidism is
associated with exercise capacity being impaired mainly due to decreased cardiac output, malfunctioning
of mitochondria, and depleted substrate mobilization (Petersen et al., 2018). Chronotropic limitation
(decreased heart rate reserve), proximal myopathy due to protein catabolism, and the risk of increased
cardiovascular risk associated with exercise in the presence of tachyarrhythmias explain the paradox of
increased BMR and reduced VO2 max in hyperthyroidism (Fazio et al., 2016; Resende et al., 2021).

Clinical Implications

These findings have significant clinical implications. In the case of the 5 million Americans
already on levothyroxine therapy, biochemical TSH normalization should not be considered a sufficient
measure of thyroid hormone replacement but also be evaluated by functional outcomes such as exercise
tolerance and quality of life (Idrees et al., 2023). The observation that a relevant proportion of patients
receiving LT4 monotherapy are still unable to maintain a normal exercise-related energy level even with
normal TSH, perhaps because of tissue-level T3 deficiency, casts important doubts on the effectiveness
of standard replacement regimens (Biondi et al., 2019).

In the case of exercise professionals and sports medicine practitioners, testing of thyroid functions
should be considered in athletes with unexplained decreased performance, excessive fatigue, or unusual
recovery responses. Subclinical hypothyroidism and subclinical hyperthyroidism can both substantially
affect the competitive performance below the clinical diagnosis threshold (Watt et al., 2021).

Molecular Pathways: Synthesis

The molecular pathway of TH-mediated metabolic control entails at least four key thermogenic
pathways:

(1) mitochondrial uncoupling via UCPs;

(2) Na+/K+-ATPase futile cycling

(3) substrate cycling (glucose-glycogen, triglyceride-fatty acid); and

(4) BAT thermogenesis via UCP1 activation (Harper et al., 2021; Bianco & Kim, 2020).

All these pathways are synergistic and explain the 25 to 80 percent increase in BMR found in
overt hyperthyroidism. Each pathway has a different relative contribution depending on tissue, age,
nutritional condition, and ambient temperature, which is why there is a significant inter-individual
variability in metabolic responses to the same extent of thyroid dysfunction (Saito et al., 2020).

Limitations of the Current Evidence

There are a number of limitations of the available literature that should be considered. First, the
majority of exercise tolerance trials have employed fairly small sample sizes (n < 100) and might be
underpowered to identify small but clinically significant differences, especially in subclinical thyroid
dysfunction (Higgins et al., 2019). Second, the different test methods used to measure VO2 max (maximal
vs. submaximal testing, various ergometers, various test durations) make it impossible to directly
compare the values of VO2 max across studies. Third, not many studies have considered sex-specific
differences in thyroid-exercise interactions, although it is known that estrogen alters the TH sensitivity
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and that women are disproportionately impacted by disorders of the thyroid (Kararigas et al., 2020).
Fourth, there is limited data on exercise capacity restoration with long-term follow-up after treatment
of thyroid dysfunction (Resende et al., 2021).

Future Research Recommendations

The following areas are suggested as future research directions based on the synthesis of existing
evidence and gaps in it:

1. Very big randomized controlled trials that evaluate the impact of combination LT4/LTs; on
objective measures of exercise capacity (VO2 max, lactate threshold) in patients with hypothyroidism
who are poorly controlled on LT4-monotherapy alone (Idrees et al., 2023).

2. Future cohort studies on prevalence and clinical importance of exercise intolerance among
athletes and extremely active individuals with subclinical thyroid dysfunction, and using standard
exercise testing methods (Watt et al., 2021).

3. Mechanistic experiments to describe tissue-specific TH signaling in skeletal muscle during
exercise, especially the T3-mediated regulation of mitochondrial biogenesis and dynamics (Harper et al.,
2021).

4. Sex-stratified examination of thyroid-exercise interactions, with special focus on the mediating
impacts of sex hormones on TH receptor responsiveness and cardiovascular outcomes of exercise
(Kararigas et al., 2020).

5. Research on thyromimetic drugs (selective TR2 agonists) as possible performance-enhancing or
BAT-stimulating drugs, with appropriate cardiovascular safety considering and anti-doping
consequences (Saito et al., 2020).

6. Creation of tested functional assessment instruments (patient-reported outcomes, wearable
exercise monitoring) that are patient-specifically designed to allow more effectively characterizing real-
world exercise capacity in clinical practice (Biondi et al., 2019).

7. The studies on the most appropriate TSH range to use in various patient groups (athletes,
elderly, pregnant women) to maximize exercise capacity and quality of life and minimize cardiovascular
and skeletal risks of over-replacement (Chaker et al., 2017).

Conclusions

This extensive literature review has confirmed that thyroid hormones are essential and versatile
controls of the basal metabolic rate and exercise tolerance. The fact is evidence that the ideal metabolic
functioning and physical performance level is a prerequisite of the euthyroid state.

On the molecular level, T3 coordinates a complex system of thermogenic processes, such as
mitochondrial uncoupling protein expression, Na + /K + -ATPase pump up-regulation, substrate cycling,
and brown adipose tissue activation, which collectively explain the extreme changes in the BMR in the
spectrum of thyroid activity (Bianco & Kim, 2020; Mullur et al., 2014; Harper et al., 2021)

The clinical data is able to show consistently that hypothyroidism and hyperthyroidism both
affect exercise tolerance via mechanistically different, yet equally important, mechanisms.
Hypothyroidism lowers the cardiac output, mitochondrial ATP production, and substrate supply to
active muscle, leading to a lowering of VO2 max by 20-30% (Petersen et al., 2018). Although
hyperthyroidism elevates the resting metabolic rate by 25-80%, it paradoxically decreases the exercise
capacity in a chronotropic manner, by proximal myopathy, and by incurring an enhanced risk of
arrhythmia (Resende et al., 2021).

Replacement therapy with levothyroxine can successfully reestablish BMR and aerobic capacity
in hypothyroid individuals, but a clinically significant subgroup of patients might require further
refinement of T3/T4 status with combination therapy (Biondi et al., 2019; Idrees et al., 2023).

In research questions terms:

(1) TH regulate BMR in at least four synergistic molecular thermogenic pathways;

151



X965330L 303035, 930bMT03s s Lmgomemyos 2026 10 (1) Health Policy, Economics & Sociology

(2) both hypothyroid and hyperthyroid conditions inhibit VO2 max in a complementary manner
via cardiovascular and musculoskeletal mechanisms;

(3) LT4 treatment is effective in restoring exercise capacity in most but not all patients and

(4) exercise capacity is a clinical outcome measure that should

Future studies need to focus on maximizing thyroid hormone replacement regimens on exercise
capacity, defining the clinical relevance of subclinical thyroid maladaptation in active people, and
exploring innovative thyromimetic therapeutic methods (Saito et al., 2020; Chaker et al., 2017).
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Abstract

Introduction: The issue of end-of-life decisions remains one of the most contentious and polarized
topics in modern healthcare systems. Physician-assisted suicide (PAS) extends beyond purely clinical
boundaries, encompassing complex ethical, legal, professional, and socio-cultural dimensions, which
positions it as a critical object of study within medical sociology. This article aims to provide a
comprehensive analysis of the multifaceted phenomenon of PAS, drawing upon various academic
sources and global empirical data. Methods: The study employs a qualitative research design, specifically
a critical secondary data analysis and a thematic literature review (desk research) utilizing international
scientific databases such as PubMed, Scopus, and Google Scholar. Results: The analysis reveals a stark
ideological dichotomy between proponents of patient autonomy and "death with dignity" and defenders
of the absolute sanctity of life. Furthermore, the study highlights that religious-metaphysical
worldviews (particularly within Christian, Islamic, and Jewish traditions) and the degree of societal
secularization remain powerful determinants in shaping both public and professional medical attitudes
toward this practice. Conclusions: The legal and social regulation of the right to end-of-life requires a
balanced, multidisciplinary approach, wherein medical sociology offers a unique framework for
examining the intricate intersections of individual freedom, professional medical ethos, and collective
societal values.
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care.
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d96mBg30L  JmEemds  9dodgdols s LobmAsEMadolL  4sdm3zombgobsl) ogm  Lsbm o
6936M9B9bGSGHMo.

330930l 350900 MBS 51553500900 dMy-3mbEgdo, 8m3wg Loobgm®mdszom bormligdo
@5 0o BsOMIgd0, HMIgdoi3 LoamEbol ELLMKYMBSL Qo60bowsgwbYL 9l bor@sw
$00bs@ 30bo3M®m-090035996FHMBE FOH0wTo, LrmEosw o 3033mbgbEOL docgdy.
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3mbs39905 5BsemoBols dgmmeo

933900 m30L9dM030 S MOMmEIbMIMH030 Jmbs3gdgdol sdwydsggds obbmMEogwrs
995¢196H0  9b5¢oBol (Thematic Analysis) 9gom@om. 30HMmEglo IMO393s  WOEIMGHWIOHOL
3063905 3MOMIB, 353JMM0BIF0LS S JOMHOMIO M7FgdoL 0IbEHOTFOEFOMID.

33930l 390092900 ©5 0935GHMBO Bseobo
bmE30Mm-90037960 3m6EgduGo ©s LAOYIGHMOMO PMMBLHROHMdS
X 9653330l LMEOoMEME05do gJodol sbobEBbgoom bozzwowol (Physician-Assisted Dying)
3396m39b0 gMmo-gMm y439wsBg 3H3939 O 3MEMOBYdIME Laol3Lom mgdsl HoBmaygbl. gus
Logombo 330EOHME 353806H:EIOs 0BEOOZ0™MOEIMOO MBREIGDIOOL, 3EgJEH0YOO LMEOSWIMO
00090900l s LEGHMWYIEHWOYPO §306MT03YMHO MMBILHMOHMOJOOL MMMNOYHMNJTGEIO.
L539EOE0bM  ObTsMGB0m Logmabeol  990y39@E0oL  gasoBsEool 06303 d0dobstg
©9053%900 bdoMs F0dsMmME0s LaBMYPSEMBOH030 MMSBLTMO™dOL 0©IbEox0E0MqdsbY;
3960dm@, 9bs¢oBEIDs o, M) Mmame dmgdggdl bsMolbosb Lsdgwoogobm LgMzolgdLs s
35¢005¢ 096 dBOHMB39w™dsHY bgardolsfizmdmds 0boz0ol LogmEberols bs@olbls s dols
LOOMEMM 2505(Y39BH0gdsDY (Fontalis et al., 2018).
00mgm03m  FHowdo, dmdbOHYgdOL  MIMIzMILo  9J39bGH0  FoaGsbowos  3s30gbEHoL
93¢ ™bmdool 3G0ob3o3Ls s ,oMbgmwo bozgowob® (Death with Dignity) 3mb39830s%g, Mo
1903E0EOL 53 GMMASL MoEoMbIEIY®, 3FsbmE godmlisgms@ obobowsgls (Fontalis et al., 2018).
L530M0L30OME,  3M0GHO03MBGd0  9YMHBMO0sD  Logmabwol  Lofjdobwols (Sanctity of Life)
BLMEMEMH 36063036 s BoBL Mligsdgh gJodol BwbsTIbEGHVIM GHMIOEOIE TM3oEgMBL,
B05b0 56 J0594gbmls 353096¢L. 00193500 59 F0bs5BEYRMIOLS, MsBTYEM™M3g LMEOM-9m0379M

65653039930 Lyew  m@éem  9gEo© 933000005 3OMYMglvIro  Joamdgdo, OH™Iwgdos
300wMmdIb  9dIEIBLME  30bozmo  3sLbolidygdmds s 3530gbGHOL 30650

0530LwBEGds.
3B 0o 15535MEYGOM 030 BEPIIBEO S 39JMYMIROMWO ©039MRIDE0S

L5ToODOEGOM030  MZoLsHOOLOM, gdodol  sLoLEgbgo0m  LoEoEOL  YBEGdMHOZ0
929930900 33390005 29bLbb39300g0s 4gMPMIBOMEIO S 3MEI0EH03NYMO 0OHOLEOI30gd0L
d0bg300. MBSO AsLIGHVom, gu  3M9JBH0Is  TbmErmE  Gsdgbody  J399sbsdos
©9390Hgdo. 535595, 9Jodol EsbBaMgdom Lyo0o bgdssMmymos sdd-0l Msdgbody
9BHO@LS s  3MErddool  ™merddo,  sbg3g 93903900580,  BdWE0sdo,  bogMErsbwgddo,
@Jbgddmdals s Jobssdo (Lynn, 2018). s0b0dbmer om@oliodisogddo, 353096¢0Lmgol
@AYo 99000358963 gd0L 09393300 353990L  350F30035¢g  3MM(390049MJIMB GO,
Dma0ghm  J3949bsdo  (Fogoomo@, dgboemdlol J3ggbgols s 39Bssdon) BgdowsmmEmos
39BN 930965%053, b6v) gdodol dogh 3erobozmMo LsdrsEgdgdom 35309630l Lomaberols
Mdmoem 5 8930900 aliMvyengds (Lynn, 2018).

590L Ls3oMoL30MmME, AMFBomb w9dgEgl bobgedfoxmdo gl 9goMEO 3353MS 03MHASGOS
5 LolbEob LsBsMNEIGIMH035 OlixJos, d500 FmMOL olgm J399bgddo, MHMYMMYdO3sS 39MTb0.,
Log3MbY MO, 0bEMgmo s oLMsgo (Dopelt et al., 2021). sbsB0Tbs305 OLMSGEOL B3gEOBOZMIMO
doymdo: §399obsdo dmgdgo ,0mTs33s30 35309630L 39bmbo“ (Dying Patient Act) 935830Mm©
396L5BM3M3L, B GO0 MO LEs05d0 FYmAB 35309D6AL 543L LOWIO MREYdS 5O M35
LogmEbwol  godsboba®deroggdgm bgarmzbm®  93MObsemdsby  (3sbomGo  Bm®s), PGS
54300 SLoLBHIBE00m 1I0E0EO 8353 53MTSWE0s; 356Mbo FMoMbMIL, GMA 35:30963JOL
dogfimomm  85gdlodsMo  35¢05G0M0  IBONMB3gMds @S FIMIBGOMIdMO oyml dosmo
©oMbgdOL (335 LOgMEbEOL 3565369 9E9359¢g (Dopelt et al., 2021).
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15539000 306M 155BMYsEMdOL M I0EHOMWIDOJOO S 3HMGBIBOIEO EOWYIYOO

L539OE0bM 39MHLMbIEIOL A5BHYMOGOLS s 3mBo309dL 90 BqbMIghols FodsMm sHSgMMO
3033egdlm®o go3oMommo 33935 90LHegerols. olMgEdo hods®Mmadweds 4odm3ombgad sBgqbs,
MO0 gjodms 1IMs3@qlmds (61%) 9005MdL 0bE030OL BbTIHEHME MFBEgdSL, oMMl
Logmme@o Logmabag 3oMoo Ighgwergdolsdqd®m, Logmaberol slMK)egdols bwyMgzools
Bomngom. dqLadsdols, Mgldmbogbdo 9dodgdol 54% doobbggl, MHmA J3gysbsdo sLoliBgboom
bOE0EOL  YEO0DYds EOLTZ9d0, F5dob MHMEILSE 29% 5039w IMO©  Ld3oMOL3OMM
3BOBYS S M30L, MMI gdodol »30MsEguo IMZoErgmds Logmabaols 9gbs®Bbgdss, 3s309bEH0L
B900L30gM0 353 JMM0MEwo Mbmgbol dorbgwsgs (Dopelt et al., 2021). gl 8mbs3g9gd0o bsmers
5b39693L, MM LsIgEOEEbm LEHBMYSMYdsdo SHBOMS LIMOMBMEO ©03gMYIBE0s SOLGDOMBL.
3wo0bogobGgdol 06030 MGmO  3mBoEogdol  BmOTocgds 30  360dzbgarmzbs  sGOL
©9A9M0boMdMEo om0 Jobsgsbo 3MmBglomo VoMYdEgdgdom, MHYE0Y0wIMo ML
Q5 30603996 3054303500 adMM30¢0 306050 25dMm3Eowgdom (Dopelt et al., 2021).

155BMY9MgOM0Z30 5BMOL E0B5T03S S FEMBWIMO GH9b9b30gdo

Logm39Emem  LOEOMEEMAOMMO  459m30mbgzgdo s LEIGOLE03WOO  Jmbs390900
33LAMMGO9D, Mmd 9dodol sbTsMmgdom LoEoEOL WgASE0BIGOOL  9dEwMoErMmds fergdols
2306053 mdsdo  FBoM@Oos. Fodoomo, 5dd-do 1996 farosb 2014 Harsdg 3gMomdo o0
365dGH030L Fbo®moFgMs mbobargmdsdo bEedow Mo, bodwswmo 58%-1 89508960, 0d3s
2014 ferob 999qg 990b0dbgds 3339060 DM, M58 dmMeEm dmbs390gd0m 66%-©sb 71%-0g
dospfos  (Gallup, 2024). sbsermaom®o  GHabwgbsos godioMogds 930m3Me  LogMagdog:
0603969 d0 Bo@oMmgdeds GoermnmBsolidEHedosbds 33eg358 583965, MMA Imbobargmdol 75% dbasls
MFgol  sbobBIBEo0m boEoEOL Lo3sbmblgdwm Mbyby ©sd3zgdsL (2025). 3093 MBO™
050505 Ldmdoesdm 3mbBLYBLMLO 83903500530, LoESE oM oMb MEms 81% LMo gabOH™MdS
Logmabaol Bydsgmammdomo 99)g39G ol sObgde wodgMowm® dmgwl (Blanc et al., 2025). gl
056396900900 00momgdL 005D, HMI EILIZEME, 1g3MEsM0DBIIM LsDMAsEMIdgddo 53
1535050M B9BMIGboL 0TI F0IVIOEMBS MSBWIMIBMBOM OBMEIDS.

30EsMH0BYOMEOo 56M3gbEE0s: mabEMYgdo s M3MbgBEJdO

00 30533030l 9ga0@0s3o0l  IMIbMgms  JOMHOMIEO 9y dgb@goo 3530960l

OLMEMEN® 533MbMT0sLs s 29EBIo ZoBoZMMo 0 BgbESEMHO BIbX30L gerodobsiosl
9831d6gds. omo IBI0EIV0m, MMEILSE 353090@0 393bMBOIMPMWOE S TMY30IIWS©
0090l 250055939GH0GAL, LoDMASMIds s F90E0bs 39¢EgdMos 353030 gl dol bgdsl,
5056 §8909d0L 130G sEglo BoBsbo 3FsbM0s, I sbX 3900 3MHMEILOL MHMUYEO LMD
©5 300Mm3bmwo  oMlgdol Tgbs®bmbgds (Fontalis et al., 2018). ULsdsGongngdMogzg FModo
503M39AHJO0 0339396 930560l MRWGASL  LogMMe®  Lbgmewbg ©s  M30m50mM 33930L
53098 gdsL  LBsdgoEobm BsMmgzgdol 3mb@Egdu@do (Fontalis et al., 2018). ©sds@gdom,
LEOEOMEMPOMOHO MNZOBIBOOLO® 5006086905, HMI 3535 MMM JPYIO EHTIMYdIMO
bmogoo  MHBOHMBIgymxal  3OHMELOL  MLsROMbMIBILS s GOMIBL3IMIBEH MBS, o3
390mM03bagl 9.§. Logool GwMoBIol* (Suicide Tourism) g96mIgbL, GMEILSE 353096300
00vgdwembo bgdosh sMowgasemma 96 Ubgs 4399bgddo (0og. 8390(3960580) 29599aBHo30Mb
LomEberol sbslitrmegdems (Fontalis et al., 2018).

dgmMg dbM0g, Mm3mbgbEHgoo YMMs®gdsls sdsb30egdgb WMy FmEsEME, 903G O
0900 ©O)IgoDHY. o030l BYbsgl VoMM GdL Logmbarols bgwdgbgdermds
0oMm3mo9bl, bowm sLobGgbzoom bozzowo s0oddgds 9dodol Bbsdgb@wMo dolools
©IBMOT5305©.  3M0GH03MBYd0 B0dmdb, HMI WYRsWODsE0sd Fglsdenms  asdmofizoml  9.§.
»33M00L  9839dBHo“  (Slippery Slope), 0vH0OMWO  2oI3EMIGPO s  LOEFOSWMBHO©
Q©9(339¢00, 35630050 H GO0 56 BmfY3eso X FM3gdol (. bobesBaMmgdo, 89wy meEo
99L5dgdEMdOol 8mbg 306900) BsME0 g3 ys@ o300l 56 smbg BLogmemmyom®mo bgfirerol
6obgo (Fontalis et al., 2018). 535656, 39360 3e0boEOLEHO XYIOU 53bsEYOL 53 3MMELAO SgEHOVIM
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Bo®mamdsbg, Mosd Jom 9930 Logwydzerosbo dodo gdodol obbGHo@wEom®o ,LLodyzol

M3Egd5dMBOEgdoLL“ s JoREGIOL 25 FIMdJIMO 0bGEHIM3MgES300Ls (Dopelt et al.,
2021).

(90307960 BogdGmMo s 3MbggloM®o bsMsEoggdo

9Jodob sLolEgbEoom Lwyo30OL B0dsMm EHIMIOIOVICGdIOOL 33E93500 MHYOY0S WO
09398003100 AbmyErdHhgzgErmds gOHm-90H0 439wsBg d9s® ©9GgMobsbEI© 2393w0bgds.
993060990 330093900  SQILEMMGAL, MMI 0bE030©Jd0, OMIMdLSEG Lfsdm Lozgwowol
390030  3bmzMgdols s guJoBHMEMA0MMO  Lolixgeol (35y. xmxmbgomol 3mbsgnsool),
65000355 692905 56056 Q96fymdowbo Logmabwol bgarmgbm@mo dghyzg@Eol dodscron.
oLobo LogmEbagl 4sbobowsgab MHmymME GH®MBL39bIbEHWM, by dgmbgdgwr dm3gdwIEMdL s
90309900 0039M5E03900L 250Mm LW 2sdmmoEbeggb ol 5006w 300693Mdss
(Sharp, 2018). bLeEoMEMYOWOHO SbseEoBo SB3969dL, MM Mgwogor®o Mool 0bEIblogmMds s
306309¢wo  30bx39L0MM0 0@IBEMBdS RoBLIDPZMNZL OMAMEOE BoMmM Lsbmysmgdols, oy
X9b6@o330L  3MMFBgLomboEgdols  3mbogost; Lozt LmEodgddo  FbsMESFHOL
053969990  Bo@oos, bmem  GHMmIoEoME ©s 3mbLgMzsGo gsMgdmdo gl 3Mod@0gs
3900 gdeos (Inglehart et al., 2021).

JO0bH056mBs: JHobEH0BM FHM©0E0gddo sIM30YdMEgds 9B IUHows© 3353MS©
693930605, 9bLs3MMHIOME0 MPTGHMEOHO L0IZOEM0™ A3TMOMBI3s JoMME03MHO 93w gLool
MGBOE0SM0 30DOE0Y, MMIGE0E LoEgmEbagl 3moLiysb dmdgdww Fdobws boFow doohby3l s
Bgooldoge  asbBEH  BsMgzol  FmGorme  obsdores  9g39Lgdl  (Grove et al., 2022).
9oOMETS©OIOYHO Q5 3MbLgM35@0MEo 3OMGHILEGBGMwo (9396929M0)
90000bsMMdgd0 9bsMy0H 3BoEosl 0B0sMYOID, MMIEs WOdIMIEME 3OMGEHILEBGHM
©9b6m30bs3090d0 F90b0dbyds  TgMJPOMO  BHMEGMBEHMDS, o3 FomomgdL 0dsby, M™I
090900 ©MdGMobs s dolo 06030 MBO  0bGHIM3MYGHE0s BrMEIMboBsEool
30607030 Fglsderms 350000939l (Pew Research Center, 2013).

obevs30: oLEsIMNOO BOMYNOIS SOLMWIEHWIO Mol 539mgol s 3MASE3L MMYMM3
B39v993603 bLyoEo®L, olg gdodol SLoLEIDEOL. oLEsddo Logmiberg asbobowgds HMyMO
MBgbsglo bomdol 3s6s@o (5056500), HMTOL 23635030l MBWGdS3 5QsT0bL 56 gosBbos;
39L50580L5, JoLo bIOIYMBEIMBOMO LMW Gds “9ddodgl 3035 0m3wgds (Madadin et al.,
2020). 59 Bog@MOHOL go0m, FmLerodoM LsDmsmgdgddo, 0lgzg MMM 9 3MwEHMEmOL djmbg
X 9b65330L LB39E05EOLEHYOT0, WGASEIODGOOL 0L 305dEH03NIs© 56 3o5BBOS TbsMIsFgMo.

0950 Y00: 007956 MmBEIbg3gwmdsdo Logmabwol dgbs®Bmbgds (303w9sb b95390)
390G MOHO HJOFOMMO 35EIOMGOSS. GHPOPOEOO S MOMNMEMJLo 099Es0DI0
39093MO0o@ 4dmMdL sLoLEIbE00m 1033OML, MIEgs MIRMOIOLEHWE s LY IR
9005 X353g0do J0yMIGI0  ASE0WIBIOM NBOM  OBJNIEINO s 3EOSECOLEM0S
(Moreman & Chatterjee, 2025).

9 B0o3mbyglonMo  ©o39MgbEos 303  ghmbg  Mligsdl  bsHL  Myoao™o
GM5030gd0bS s MBsTYEMH™MZg BOMLITIEOEODM MYOEIMBdOL 455339 BY sOLYdIWME B,
3653500 dM056 LM MG OBsT0IoL.

©al336s

99000l sLoLE 9630 LMoo MObITgEMM™MZY X 9bWs330L LoLEYTOLS S dOMIMOZOL gOm-
9O» 439wBg H0E, 3M935¢bBMT0Gd0D s gyHBoLEIbEIWMH B396MmTGBL FoMdmoyqbl.
§065800g05M9 LEBSBH0580 FobboErMo WOoEHIMIGHMEOHOL 3HOGH03MEo Jodmbogs 3bsymAL, HmI
50b0dbmo 3MsdBHozs 3960 gobobogds g30fMm 3wobozmm 6 Fbmerme 0bozoMeErm®o
00B93560L  FMowodo; 00  0F0OMEO  9MOL  QOIRSFZNW0  BMBEITIPEHWE  LeEGOSEYH
©0MY0Egd90mb, 0bLGHOGMEOMGO ©s 3OHMEBILOME BmMIGOMID, 09MOEo BsMBMYdLS s
bogom3gedIeIw  30bdgdudgdesb.  Lintie gt dgwdogsdomtgwe  dbgds  2dsogl
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LomEberol EalMEgdol 2509HY39EH0gdgdL X sbs(330L LMEOMEIMAOOL s BgE 9d@Ev)owrm®
5 3BsME 330930l MdOYIBHO.

BoBo0gdngemds sBseroBds §o®mdmsbobs 9358300 0@IMEMa0Ho ©OoJmEH™T0s: 3MogGH030L
©9303005300L  3mIbOYJms 3MAIGbBHIO0 MIMOzMLa© 9g3dbgds 35:3096@0L  SOLMEIYYEHWGO
93¢ ™bMm3o0b, ,,00MLYME0 Bo3ZZOELY” S BoBOZMMO M) FgbEHIWMMO BIbX 30U geodobsgool
3mBsbobB e  08396MsGH0390L.  LadoMolL3oMmE, ™M3mbgbGHms  3MoGozwo  3mbogogdo
99396&H0MdMwos  Logmaebeol  Lofdobwol  gbEsdgbGHMe  3M0B303%Y,  303m3Madglgmen
36MH™BgLoE 35UbOLIYGOEIMDILBS S 9.G3- »PGIMJOOL gi39dGH0oL“ (Slippery slope) MHolizgdby, Mo
LoBMYMGIOL FM{HY3SO WS WY(339e0 X 3IBJOOL FgLlsdEM 5M330MI306 9l YsE S350
2300Mm0bsEJ0s. 50 9bGHgMboLEGWG 3MmBoEogdL ImMmOL SOLYOMEIO OFSOVIEIMDS Slsbogl MMM
RFOOOM, AWMDSWMO LMEoSWH ©JOsGJOL 0dol Fglobgd, 0w GMYME 456oLsBO3Mds ©s
QoBEOGds 9580560l LogmaEbols @y  Moz30LBEgdoL  LEBO3MBO  3mbGHIM©IMHBmE
LoBMYsMgdsdo.

B58OM3do  sbseoBoMgdmmo  gd30MH0o 336093900  SILGHVIMOL, MHMB ML UYM-
9939830030 AmxzedbgEzgemds MBgds gMm-9hom MddEsgzdgl ©EHIMHB0bsbEsw 9gjodol
SLobEGYBE00m bI0E0EOL F0dsm L DBMPSPMIOM030 WYY 3MIMGBIBOLIEO EITMI0IO¥IIOJOOL
3mMI0M05d0.  50M5580LGHI  MHY0POME  BHEOOE0Jd30,  JOHOLEGH05BMdSTo, olEsdlbs
09©50bddo,  Logmsbarg  sJdMwos  OMameE3 03009960,  GMBLEIbwgbGHwo s
bawdgbgdgeo bo3o, Mg Logmabaol bgwmgbm® 9969393 9L s ol byBgo0bm FbstsFgMols
M5 30190909l bol. 083, Ls3oMol3oMHME, 11937IsM0DIOM BsBMYs™YdIdTdo
boyen M3 Gg@o ©m3oboMmgdl 06030 sEH MBWgdGdDBY, 53EH™bMI0s s 3wdbmE
d0amIxdbg MmMH0gbGH0MdMwo b5MsB03900. gb ©039MYbEos Bosmmow sB39690L, ) HMymO
SBIPL 3NWGHMOWWo ©s 3MbBILoMMO 39M360egds A93WYbL 9GS FBMM© 30O M36vE
99b9gdgdDg, M99 F530M-bLmEosE  Embyby, XxBPIE30L  3MEoGHOZoLs
15356mbAEgdM 060E0E03900L FMMHT0MYOSDY.

LodmErmm  xsdd0, 9dodol  sLobBHgbzoom  Lwogool  3m3dwgdummo  Bgbmdgbo o6
9939000905005 (35eLbY,  MOOIIXME  2590Y39HOL @S Fmombmzl  3MOGH0ZMW, ©MHTSE
QO05bLYdINME s FMEEOEOLEO3obME  JoEaMTsl.  X9bI330L  LMEOMEMYOGHO
396L399BH035  MB03ZoE G TglodergdMdsl  0dEg3s,  og0bsbmm ol HadGowo, Lowsg
06003000150 0530LYBWGOOL  MoE0HYds,  LFYOE0bM-3OHMBgLowo  gombo
3M93dBHoMmO LmEoswMMo PoMgdMEgdIdo gMmBsbgml gxobgds. bogmabaol slMreadols
MR3EgdM030, LEOEOSYHO S J003MMO SB3gdEHIOOL 33¢93s IMBsgzsedo sMPGds Lodgagboghm
0L 3MLoL 9960836903569l S OBITOIMMIE FobsbEGdE F0TsMMNGdS.
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Abstract

Introduction: Sudden cardiac arrest (SCA) remains a critical global health challenge, frequently
precipitated by life-threatening arrhythmias. Despite advancements in cardiopulmonary resuscitation
(CPR) techniques, the prognosis and neurological outcomes remain poor, particularly in cases of
prolonged asystole. Case Description: This article presents a clinical case of a 68-year-old female with a
medical history of total thyroidectomy and concomitant hypoparathyroidism. The patient experienced
a sudden cardiac arrest requiring 35 minutes of resuscitation. Clinical evaluation revealed severe
hypothyroidism ($TSH$ - 43.04 mlIU/ml), hypocalcemia, and a persistently prolonged $QTc$
interval.Shutterstock Explore Results: Following the exclusion of vascular pathology, a single-chamber
implantable cardioverter-defibrillator (VVI-ICD) was implanted to manage arrhythmogenic risks. In
the postoperative period, the device successfully terminated three episodes of ventricular tachycardia.
The patient was discharged in stable condition with significantly improved neurological status.
Conclusion: Endocrine disorders, specifically severe hypothyroidism and hypocalcemia, are significant
risk factors for fatal arrhythmias. ICD implantation in such cases ensures a high probability of survival
and effective long-term management.

Keywords: Sudden cardiac death, medically induced hypothyroidism and hypoparathyroidism,
ventricular tachycardia.
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