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0990l 5gBHgogmdd

dgdgbocro  08996m©IR0E0GHOL  Lob®mdo  (BoLo)  JOHmbozmwo,  3mEHYbEomEs©
LomEgbobsmzol  Lsdodo  9EAMTocMgMdss,  OMIgoiE  3dIMf3gMEos  5sd0sbols
0996Mm©953030GHOL 30OMLom (503).(Barré-Sinoussi, 2010; Barré-Sinoussi et al., 1983; CDC, 2021;
Gallo & Montagnier, 2003; Levy et al., 1984).

503/doLo 33003 MBYdS 06530 3MM S FDMPO bolomol 9g30YF0S. 53500 YdST BM0E3d
ALMREoMmb y39ws 306¢0696@0 5 J3999bs. 503 39b650Ms 93mJM9ds 439wl 4obm@hgzas
5L0oL,bgglob,obsgzol, 9Mm3b9gdoL s Fobsmegdols. Kxsbwszol Jbmawom MmMsboBsgools
9mbs3989000 (X96dm) doLl AbmREomdo L0330 0s6MdOL JoBgbom Fgmmby sEyowo
w35305(WHO, 2021). 56&06M93HO®™M3060m509mo  (5603)  0gMs3ool  9839d@GwIOmdsd o
b9wdmbsH3MIMdsd bgwo Fgumhiym dAMIsMGMOOL  BEBIBOWOHMISL, I3 dogels
Abemgomdo 503 063030093 ms MHoEbzo 3w9dogzsw 0bBMgds (BHIVA), 2018; Achwoka et
al., 2019; Barré-Sinoussi, 2010; WHO, 2021).

995393BO0  9BGH0MYBHOMZ0OWLMwo 33MMHbsermdol BmbYBY 03390M0@  FO0BIMES 03
0653033060900 3009008 LogmEbwol bsbyMdwogmds. dglsdsdobs 503 0bxgoEoMmgdmw
3069030 30055 505 o3IO 5350090900 foends (Achwoka et al., 2019; Adeyemi et al.,
2021; Bruno et al., 2002; Falasca et al., 2007; Friis-Meller et al., 2003; Friis-Meller et al., 2010;
Husain et al., 2017; Kansiime, Mwesigire, & Mugerwa, 2019; Magafu et al., 2013). x5636G00gcomdols
ALbmREom MmOHRSB0DIE00L FMbo37390000 Y390 59T IIO 99350 )0JO0 41
900Mbo 5530560 330905, B0 ¥4 B0 S LM FgdmLogeol 439969080, Losa
503 06399300l go3M(39egds 15305ME FoMHE0s. J9MOO0MZOIBIMWOHO 3MMdEgIgdom 17.7
dowombo, 300mmo 8.8 Jowrombo, MYL30MIEGHMOMEO 3MMdMgIgoom 3.9 doombo o
Q050930 1.6 dJoerombo 5sdosbo 3309ds(WHO, 2021) .

3 MBSO 3O EHIO0)0 3039MFH96B0s Lo3zowol 18% 3slimbolidyqdgaro, dsb 9999
b3l 053d5gmb mbTocgds s 3039Gmyo3zgdos (Gebreyes et al., 2018).



503  0bgo30Mgdmw 30609080  5650b6xgd30M0  obdbegdo 99350909006
239BLS3MIMGOME0 5YOWO MF0MOZL 1 FGEHIOMENO, 4Me-LolbEdIMPZMS, MOM3TGOU,
©3009¢0l , d3e0b, RO GH30L, 5yM3EsDow®, 3BL-0Ls s LgduwowrH EsML3939dL (Achwoka
etal.,2019; Adeyemi et al., 2021; Broder, 2010; Cailhol et al., 2011; Calza et al., 2011; Choi, Shlipak,
Hunt, Martin, & Deeks, 2009; Dimala, Atashili, Mbuagbaw, Wilfred, & Monekosso, 2016; Gallant,
Hsue, Shreay, & Meyer, 2017; Husain et al., 2017; Kansiime et al., 2019; Magafu et al., 2013; Patel et
al., 2018). »sb6dbergdo ©95350gd900L 9b30mMMgds, FgladErms 503 SLMEOMIOMEO MOL3-
B394 BHMMJd0m  0gml  2ob3oMHMdIOM0,  MHMAMOOESS  503-08  5653MbEHMME0MmYdMWO
9300353000 2563060Md7dwo 039bmmo LolEGgdol 5dEH035309, BMIPdOMO MYoJ30s s
3MRI5(309, 3020603930900 (30EH™TJR9M300H0 S C 3935@0E0), 3000 5MZ MJMI30S QO
9m0030 098bMYBOEOGHYIM0 JEYMIsMGMds. 503 0b68030M9dMw 30M9gddo BmYyx g,
580096039 565350059 JI0 5350000l MIbb3gM 3b309ds, BMIgero Lydrswm 4.7%
09500396L. (Achwoka et al., 2019; Brown, Tassiopoulos, Bosch, Shikuma, & McComsey, 2010;
Husain et al., 2017; Martin-Iguacel, Negredo, Peck, & Friis-Meller, 2016; Nakaranurack &
Manosuthi, 2018; Nix & Tien, 2014).

Ubgoolbgs 3300939008 ™obobds 503 0bxo0MIdME 3009030 833900605  IMOGS
39G90MEIM0 ©51393900L5 s G030 2 FogdM0560 0sdYEHOL 30935¢96EMdsd(Brown et al.,
2010; Gazzaruso et al., 2002; Hernandez-Romieu, Garg, Rosenberg, Thompson-Paul, & Skarbinski,
2017; Husain et al., 2017; Kansiime et al., 2019; Nix & Tien, 2014; Patel et al., 2018). 393609690
35659Md9b, ®MA gl 3O MEgLO 503 06039J30LMSE S 5®Z MYMH30LMBsS 35380MHGdMO.
35056 30EH9S 068MmMTS30 98 99350 JdGOOL MIBHBZILMOL Fgliobgd. sOLYdMEO 33¢0g39d0L
565b3ov, G030 2 FogdM0560 ©0sdgEOL 493039 gds 503 06830306093 30M9gddo 2-14%
99699gmdL(Shen et al., 2013), 5 8339076050 BHOOL L0330 0BMdOL Mol3L(Alvaro-Meca et al.,
2016).

35960560 ©5009E0L MHOL3I-BIJGHMMIIO 39MR5P MO (36MBOEO DY 3330580, o150
503 Q5 96M3 535390000 MHOLZ-BoJBHMMGOL HoMmBMog69b. v03-0L ML BHodo 2 FogdMosbo
500930 396300056905 MO0 V15363 BoJBHMODY, MMYMOOES 503 0bxgdzool

b6 ®I03005, 03MBML3MHILOOL botrolbo s 563 9900359963900l Bgdmddgwgds (Achwoka
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etal., 2019; Adeyemi et al., 2021; Bonfanti et al., 2007; Brown et al., 2010; da Cunha, Maselli, Stern,
Spada, & Bydlowski, 2015; Duncan, Goff, & Peters, 2018; Nakaranurack & Manosuthi, 2018;
Pelchen-Matthews et al., 2018; Teeraananchai, Kerr, Amin, Ruxrungtham, & Law, 2017; Wand et
al., 2007). 3930130960 563 89000353963 Jd0, obliszmmMgdom PI, NRTI s bmyogéomo NNRTI-
900, ©535330693w0s 3H030 2 F5dM0sb0 ©s0d9BHMsb (de Waal, Cohen, & Maartens, 2013;
Estrada et al., 2006; Karamchand et al., 2016; Martin Lde et al., 2008; Rasmussen et al., 2012),
oL 039805L056, OLIE030@Y0sLM6, WO3MPOLEHMMBOSLMD,m06 3ol JHmbozrwo
©553500905Lbmb,  sOGHIMOoM  3039HGHIEDoSLS @O B0M3MEodol  0bgsMEob
39630056090 5bmsb (Achwoka et al., 2019; Alencastro et al., 2011; Alencastro et al., 2012; Baum et
al., 2006; Boyd et al., 2017; Bruno et al., 2002; Calza et al., 2011; Casqueiro, Casqueiro, & Alves,
2012; Dimala et al., 2016; Estrada et al., 2006; Falasca et al., 2007; Friis-Magller et al., 2010; Gallant et
al., 2017; Gebreyes et al., 2018; Heron et al., 2019; Husain et al., 2017; Kalra, Kalra, Agrawal, &
Unnikrishnan, 2011; Kansiime et al., 2019; Mocroft et al., 2015; Nix & Tien, 2014).

Dma09m3s> 33¢09358 563965, MM 503 065303000 30396003900 35309DEHJOOL
1033000 056MmdOL  FoB39b9gdgo  360d3bgerMzbo  91YTsBHJds  BM®Tsaw0390096  S03
065303060909 900L L0330 0s6MdOL Bsh396909els (Chkhartishvili et al., 2017; Chkhartishvili
et al., 2014; "Estimating the burden of HIV late presentation and its attributable morbidity and
mortality across Europe 2010-2016," 2020; Park, Zufiiga, & Garcia, 2019; Suligoi et al., 2018; Trickey
etal,, 2016; Wada et al., 2014). dom356:0<9dol 06x356dE0l Hob3o oMol omEmToggdw)e0s
503 Q5 0539GOL IJmbg 35309639000 (Friis-Meller et al., 2003; Friis-Meller et al., 2010).

gbMoo 1 . 503 068030MHGdME 3067030 B5gM0560 OBYEOL 23630mMYPROL JobyBgdo s
394560%dgd0

Q0553500900 256300056900l | 553500900 49630ms69d0l dgdsbobdo
dobgbo
MmO560bddo  JOmbozmwo  sbogdomo  IBmEgLlols
0609)(30609000.360M-56090000 30EH™306900L, Lodbogzbol
503 063399300 6936O™mbob gosj@mmol (TNF)-o , IL-6 , IL-8 o IL-18
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JO®b03790 s6mgdomo 30mgLlol gobgzomsmgdom

HCV IRS1/IRS2 Lsboaboerm gHqdol 06300069000

50069 59400560 039GO 5 503/FoELO (35¢ 39 93005 F9BObOEIGOMY, H85535 3O
Lobgbgs mMo 0O 930gdool Mbb3gMs. 50b0dbMEO s5350Yd9d0 33we3 MBYO0SD
065303796 5 3BMEO boliosmols 3M:MdMGIS®E s JAEMBSMO K 96H3E30L gOHm-9MmO
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96003690356  200m(39350. Bg0mmMJoMo@sb godmdobsyg 9bodbmer Bszombmsb
©535300609d00 06&9M9L0 OEO..

503 06830300900 3009030 Xo6IOMEMOOL [o®mBsBgdrws© FsGm30Lm30L, Fbmerm
995393BMO0 563 09965305 115305MOLO 35S, LOFOOMS MIBIB GO 59350 9dJOOL 309396305,
QOOHMNO OSZBMBEH03S O BomObsM 83MMbIEIMdS. LANMBIOMO B0 S LBOTMsEM
3900bo3eol 439969030  obdbgd  ©935©YOGOL  Lomsbsm  YyMEs©®gds 96
993935.545MmM390m 809329336905 B0 Jgdmbisgerol 3Jmbyg 43996900L, GoEbal , Losa
5053905800 ©59350J09d0L 13M0Bobo 503 0bxoEEMYdMEO 353096GJdOL HEGHObMW
330939030 96 Fgool. LBosModg, MalwEOLYdo b53wgdmds s bB3gE0sWoLEBHMB 93056
3900530L53M090s byl IOl H5350OOL SOMIME OIFOMUE03OL,M03 DOl 503
068303009090 306MH0L  535MBLS S 1O3Z3EOW0sbMdsl(Chkhartishvili et al., 2017;
Chkhartishvili et al., 2014; WHO, 2021).

50603619 11530bMb V3938060 odsMII39MT0 33293930 SMILBEOMU H6 BoEOMGOMS
, 990¢™A 53 Logombol Jgufogms MoMgls 3609369 ™3z560s. 5©0b0BME 3319390BY
361593H0305 96 800303905 8tbo399900 503mbogwrgom 930M30L J399bgd0sbss. dbmBwom
3sL3BHod0moE 90b0dbM Ls30mbBg 8mbo399930 s 0bBMMTs30 by3ome FoMos.

331930l 303mmybs

35460560 050930 s 0bLEobolsdo MIHBOLEIBE™MOdOL To@gds 503 0bx3030609dWw9dTo
0539300609305 3¢00603M0 godmbogzergdol 251o6gligdslmsb.

33930l dobsbo

1. 33930l d0Bsbos FodM0sbo ©0sdYEHOL, 36M90dgGH0LS s 3gEsdM MO LobMm™Aols
361935¢96GHMB0L bLDW3Ms 503 0bFBO30MYOMEo 306H9ddo

2. 95d60560 ©0sd9EOL 0dE0bsMGMdOL s A5TMBEZEgdoL T9EsMgds 503 0bxzo30MGdww
30396M039d00L s bmMImye 039300l 8Jmbg 30693l dcmaMol.

339930 0H0mOo 59tm(3569080



1. 85d60560 ©0sdgEHOL, 36M90d9gEH0Ls s F9EOdMEMMo Lob®M®Aols 3dmbyg 353096 M
0©96@08035305 2012-2018 {iengddo MHgaoLEGHM0MgdMw 503 068goE0MGdIo 3069030 ©d
36193509bGHM™I0L  49dMMZW; 153393 30609dDBY 330603905 FoaMdgrs 2021 ol

©93990659¢09.
2. 8560560 ©053930LS 5 39EHsdMmOHo BLOBEOMHMIOL WHBMOSGHMMOMEo F5039609d0L

3b65¢r0Bo 503 063083009 3069030 @S 153393 XFMIBIOL MOl 1O33EOEMdOL
95839690¢gd0ls go6gds.

3. B5gd60560 ©05d9EOLS s F9EOdMEMEO LOBEOMTOL 30bo3MO BsOHMZ0L M3EH0TODOF0S
503 06830306093 3069dd0.

4. 330930l 890929000 Lx3d390BY 503 0653030MYJOME 353096900 FogdM060 OSdYEHOLS
@5 99390dMmEmMo LobE®MMAOL OMMEO EOsEbMLE030L s FsOM30L 3OHMEHM3MEOl
0909905390s.

1589350gMHM LosbErg S 3MYEHOIMEO VOMYITIEGDS

503 93790bsemdsd  dogls  Abmgywromdo 9959330605 503  0bx3o30MdME  306M9ddo
103300056Mds. H5FOL 356M5EGEIYMSQ 290D 55-80EL SBMEFOMPIIO 553500 JdJdOL
361935e9bBHMds o oo ogH 259mfzgerds 1033OE05bMdS.dM™ Fergdol dsbdow by
15395MQ 5dGHOIMH0S FYEOIBIMEMMO 935090900l MOEb3oL B 503 0broEoMYd
3069030.9bMBWoML JoLIES00m GHOMEIOS 33¢0)3900, CrOMS OEPO0BEIL gBH0s M) 566
39G90MWIMH0 ©5350JO0L 36935 gbEHMdS 503 06830300 306900 s Gro 0fj393L dsb.
dbgoglo  33ag3s  LodoOmgzggwmbs o  90Bmbogwrge  93Mm30L  J39ybgddo o6
BoGH96900005.33¢0930L 0Db0s F5dM0560 0509EHOL 2530 (39gdOL 25TMMZEs, SbMF0SE00L
503965 30396e039805L5 S 10330W0sBMBIL FMEMOL.sOLYdMEO Ls30oMbol 06303
30boL  gom®dsg90s. 3960 330930l 9IRS 30039 JIODMEY  3MIMWS(30530
©50y0bgds 0blobOHYHBoLEHIbGH™dOL , GHodo 2 FsJMmosbo ©0sdgBHOL s dsod dogH
3900390 oMM gdJOOL  253MEIgds  503/doELOM  5350YMBYdT0. M3 od
0553500990l 308 0b5MIMOOL M5301939)MHd9d0 S oMz gd0. 90493530 9dS 3619396300LS
5 35OM30L M3EGH0ToMHo M9500900. 339308 d993900 bgwl 99MHymdl s03/doboom



535003939030 3030 2 J5dMm0560 ©0sd9E0LS s 0bLMEObMHgBOLEHIBEGHMOOL OsaBLME030L,
369396300 0mbolidogdgdol s 83MBIMBOL M3EH0T0DoE0L, 53 OIWIIOMSE 50LOHYdS
5060860 535000YmMxz3900L LoMEbEol boby®mdmogmdslis s 3bM3zMgdoL bomolbby.

3322930l 3900mEMEM0d

155332930 33309
33w93580 Bsommewro 0y3b96 0bxzgdzom®o  dsmmermaool, dobol s  3wobozw®mo

00996000l bsdgEbogMm-36od@0zme 39b@G®do 2012-2018 {ergddo MgyuoLEBHMOMYdMWO
503/d0Lom 5350039 x39gd0 (>18 {guby) . oLl 396G gaLsbmEMgds §399bols FolidEodoo
M930LGHM0MGOME0 503 0683030MYOWO 35309D3HJOOL 65%. 11533093 30OMS 33093530 BoMNZS
dmbs ,,0568080930MdomO F9Mhgz300°.

15330093 306OMs 0I6EH0TB0330S JBbMOEF0gWs 06839]30IMO0 35mMEMYOoL, FoELOL s
306030 039bmemmyool  LsdgEbogMm-3ModBozmnw 396GHMdo  sMoiEblzsby Iymao
503/d0Lom 535008YMRJOOL sOLYdIMO gurgdBHEOMbE0 d5BOL Lodw)sEgdO.
5350009mx3900L 330093500 Bsgmm3b9b M9 sdemo 30D0E0L OML 0bxgm®IoMmgdmwo
56bdMdoL Logmdzgeby.

399m6m03b30L 3M0GgMHoMdo : 353096@ 900, GMIgdo3 3wobozsdo dImlgwroEsb 6 ™m39do
9330696 96 050356696 .

331930 obBsobo s FgMBgzol BmIs

3322930L030L gddcmggbgdryero 0gbgds HBHOML3YIHYILO 3NIMOAIO 33EI3> 3OMLIIG IO
993969000

3393580 Bosoaro 0y3b9b 0bxzgdzom®o  dsmmermaool, dobol s  3wobozw®mo
099bm@wmyool BsdgEbogdm-36oddozmw 396¢®do 2012-2018 (argddo GgaoLEMmOMmgdmwo
503/doboom ddmbg 3o6gdo (>18 §gwbg). 3393980 dMbsfowrg 306090y 9330603905
3936dges 2021 ferol ©93980658Y. 3530963900, GMIWgd0E 0350696 56 Im 33696
930LEM3000096 6 M30L FsbdoEBg SIMOoMOEbOIL 3300930096. 33eg3580 BsGMMO oym
2914 3060. 353096@ 5 3mbs399900 53MMYdMEo 0gbs 503/oELoL gMmgbmwo Imbsigdoms
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05b0sb (AIDS HIS) . ds%Bs Bomormeos 4399bols slidGHedom sMbgde ygges dobol
L593MbsEM IO MWYDT0.D5DS ML LEOWMWOSE IR0, Losg FMo3Mm39ds
0683635305 503/doLOL  Y39es  OILEMMYdMEo Fgdmbzgzol  , ©YIMYMOROYO,
93000980MEMY0MM0, 3¢00603MMO S WSdMMIEMO0o dmbo3999d0L Fglobgd.

33w930L  M9GHOML3gIGHMwo  bBofowol  Gobmgddo dgdmfds  33wg35do  dmbsfowg
353096900l 930gd0MEMYPOMEO , ©JIMYMIBOYIEN0, 30603 IMO O WHOMEMSEHMMOMWO
0b6x3m®3530s, 390IME 51530, bYglo, A0 39d0IMHO BsB39690w9gd0, 030EMEMO B3gdEHMo , 503
663 Mom©abmdMogzo 35B396909w0, CD4 Gomgbmds, s®3 9900035996@ 900l 3mddobsgos,
05653930 935090980, L0330l JoBYHBO. HgBHMMI9dGHIwo 3330l Jms35M0 J0BsbO
303960399005 5 1033OE056MBOL FnMOL 3530060l IYIBs 0ym (439es JobyHBom

3990390 ©s 30BgB-13930830329600 BO3ZZLO0DMDS).

330930l 3MML3gdB e Bsfoamdo  goa®dgws  aer03gdools  3sB39b69dgwls o
WsdMMSGHMO0M  dmbo3gdgdby 9330603905,  3530963gd0 3393580  Bogmmbgb

0b6x3mM306M9dwo 1sbbIMdOL Logmdzguby.

g39gws  353096@L,  MMIgelbsg 30390039005 96 OLE030YB0s  IBOJLOMOS
390590L535()00©5 §6EOMIMHObMWMYMb. 30396039000l dJmbyg 3530953 gL 965369 BOLS
03900 2om3500olHobgd0m 353 JO0m BB SMIm 89dYR0 390M33Y3900: MOS0
3030D0L BHMEgMbEH™MdOL GHgbGOo (753 der3mbom), HOMA Index, acrozmbotmgdmewo
3900md060, 030MYEM5Ts. J9TMZMZoIN 039GO, BvYdIM3wmbBol, CVD,CKD s
0blBHol 360935 gbGHMds,  dY3g  ©39A0bg 98 53500900l 3938060
303960039905006.

UBGSGoLEGH03MMO0 bserobo

33193500 359m30996900 S0FIM0MB0MO S 965¢00EH03M0 LEBIGHOLEH0IMNOO TJNM©IIO.
50960 Md000 FgMPOL BoGEgdTO 25TMOMZ5S MoMPOIEMIMOZ0 (335 JdOL LoF > M
95639690930, bmwm m30LMmdM030 (33¢09©JdIOLMZ0L 3OM3MOE0Mwo  (3MM396E o)
396500 gds . 56500 EH0396M0 565¢00BOL BoMAWGIT0 OYO0BPILMEFOSE0S (33805 JOL FMEOL,
M@ GH03500530w0 565¢0BobL Lodmsgdom.



b033oEol dobBgbo JwslogosoMmgdmwo ogym CoDe 3OMEHMIMEol dobgzom. CoDe
3OMGHM3MMbBg  ©oyMHbmdom 103300l oByHBgdo s0gm T8Iy 39GJyOH0JOS©:
JoLmLb 3538060900 L0330, 03300 MO FOELMID 555 935300MGOO
5 93bmdo 103300wwol JobgbHo. SVFIM0WMIODO BB BoBIMS TgE0BMMO ©
06396M3350GH0WNWO  ©0535DMbols  godmygbgdom  MPyzgBHo  (33WoEIdoL3zoL o
LobdoGy/30M396GHO 39300 8Mmbs3gdgdolm3zol. d035Mm0sE0IM0 T9EsMgds dmbs
Pearson’s chi-square &gl&obl 250mygqbgdom. godmgmgawqo PYFU (person-years of follow-up ).
3039630399060  bAHGMLOL  Bobg300  FoMRYBOL  sEBdsMMBdOL  TgloRaligds
39903099690 353w sb-89096M0L 8g00M©O. 35380600 30396039305l S 1BOZZWOEP0DbMDL
dmMob 99x85bs 3mJbol 3OM3mOE0MEo bsFodMmgdol MgyMglools sBseroBol MHolzol
dmgwom, MmIgwoi  259m0ygbgds  80BgHB-139g30803MMO  BMOPGOIo  LogMHDbOL
3299803095390 FgLoxzslgdws. BYbLOEH0MO sbsoBom, B396 F935835L90 303gMRe039000L
393wgbs g3gms dobgBom godmfzgme s Jobgb -U3g30x803MMO 1033WOE0bMdsBY.
49965000905 2505b30es CD4 vy M900980L M03bgzBg (90053056900 CD4 Hobgzoo <200 s =200
xR 090/33%). P-0600369mds <0.05,053 603bsgl, Gmd dmbs3gdgdo  LGsGoLGH03 Mo
3600369c0mg9605. Y39 565¢0Bo Bo@o®ms SAS 9.4-0b godmygbgdoo (SAS Institute, Cary, NC,
USA).

000039960 3mIolool sbbIMdS

90003760 30030L00LYsb MsbbIMds Im3m3qdw 0465 06539930960 3500 MY00L, FoELOLS S
30603960 039bmemaools /3 396¢®0ol gmozol 30mdo@gEHolasd (N 20-006 , odogrobo,
Logo®mzgeom) .

d9ga9%0

3393530 dmbsforgmds 2914 503 0653030609090 3060. om0 89056490 Sbs30 36 (IQR:
22-80) $9ob 995009b0s. 2204 (75.6%) 05953530 0gm. %5800 , 619 (21.2%) dmbsfoergls 3Jmbos
CD4 mx6M90q00L Loghomm Gomgbmds <200 wxc9go/dd® , 1085 dmbsfoergls 200-500
2% 0900/03% s 1210 8mbsfogrgls >500 v 690/38% . Folio sa0bes 1189 (40.8%) 306MU.



939w 353096@0 004mx3gdMEs 5M3 93MbswMdsby. 183 (6.3%) 306l 3Jmbos Msbdbergdo
5535090900, OMAMO035d FrIlobbardo@mams boliGgdol ©s9350gd9d0, MoM3deols
Q55350090900 ©S 300M.

33w930L 36OHmB39dEe bsfoedo Roermn3z5Dg oMo 4obsgbos 11 (0.4%) 353096¢33ds Covid-19
35609300l OHML sGBYdIMo LoGosaool aodm. 215 (7.4%) 3060 33w930L 3Mm3gbdo

50356y,

3bMoo 2. 503 06803060900 3M3MOEGHOL VMo dmbs3gdgdo (n=2914)

(3¢SO Logom N (%) 050953530 Joero
Ldgbo 2914 (100%) 2204 (75.6%) 710 (24.4%)
30396039905 381 (13.1 %) 326 (85.6 %) 55 (14.4 %)
560 gobobogl 33eng3sdo | 11 (0.4 %) 9 (0.4%) 2 (0.3%)
Bo®»35%9

33%930L 3gMomedo | 215 (7.4%) 183 (8.3%) 32 (4.5%)
Q50356696

(2012-2021 §gero)

dm3300b696 bozgerggz | 301 (9.7%) 256 (11.6%) 45 (6.3%)
3960m©do

(2012-2021 §gero)

BomBHoMm®Om  ©3353HJOOMN0

L5O05ABMLGHO3M  BHILEYdO

(OGTT, Homa Index, 155 (5.3%) 145 (6.6%) 10 (1.4%)
©w030QMAM5ds, HbAlc)

3bMoo 3. 503 06g03goMIdMm 30Mgd30 3039MHm039d00L gabsfogrgds slis3ol dobgzom

(n=2914)




303960 39d00L 30396039000 3Jmbg 3m3m®Gs P-value | 99000565
3obsfioamgds (N=381) 13.1 % (IQR)
sbs3olb dobggoom | 19-29 | 30-39 | 40-49 50-64 | >65 36
(22- 80)
5 48 112 182 34 <0.0001
(1.31%) | (12.6%) | (29.4%) | (47.8%) | (8.9%)

381 (13.1%) 3dmbs 30396039905, MIgol 36935¢9b@Mds3 0BMHOIdM®s dbs30L
953)905bmsb  gMmo. 30690L, GMmIgmsg CD4 »x69gdol Loghomm Mom©gbmds <200
X 0900/33 MRMIM bdo6Ms© 50960869000 3039MA039305. 30396039000l gobsfoegds
Ldgbob dobggzom 36083690 Mmgbs 56 AsbLlbgsgzdMs (p=0.11).

x50 301 (9.7%) 503 0bxz30E06M9dMwo 3060 dm33s 890sbm®o 3.71 (IQR: 2.14-5.37) fierol
956d0bHg 330930l 3960Mm©T0. F500 MG 139 (46.2%) GoU-sbmE0Mgdeo , 123(40.9%) 56
Fol-sbmE0M9d0 s 39 (12.9%) 456339390 doBYHOL 2o0M .

gb®oo 4.

5b65¢0b0,303gM3¢039900L LME0sE0d

313035005300
1033000¢0560MdVBMs6 CD4 MxMH9gd0L Mocmgbmdols obggzom (n=2914)

CD4 <200 (n=558) CD4 =200 (n=2,356)

Adjusted Hazard ratio | p-value | Adjusted  Hazard | p-value
(95% CI) ratio
(95% CI)
L59M0OM B033EO06MdS
3039603990 2.03 (1.48-2.79) <0.0001 | 3.28 (1.97-5.45) <0.0001
B®3ma 039900 1 1
dols-sLimEoMmgdyemo
103300036MdS
3039603990 2.48 (1.64-3.77) <0.0001 | 0.86 (0.20-3.77) 0.84

Bm&Imyo3zgdos

1

1
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565 dol-sbmEoMYdMEo
1033000056Mds

3039603900

1.16 (0.65-2.06)

0.62

4.60 (2.28-9.26)

<0.0001

Bn&Imyo3zgdos

1

1

©39PIbGIBIo
1503300 056Mds

30396039905

1.30 (0.40-4.27)

0.66

2.36 (0.59-9.37)

0.22

B®3my 03990

1

1

3MGH035M05300 M9MHIBOOL IMOIWO IZMOGROMGOME0 58530, LJgbol 503 93930l

30U, 3oLOL OsRbMBOLS s 569Q50IO0 53500 J0JdOLMZOL.

3b60o 5. 3030 2 E0s3gBHOLS s 3M0BIGOL 3930 (39Egds 503 0680 EMYPPME 306gdTo,

(n=2914)
(3¢SO 36090053930 | 95%ULs6O(dMbmgdols | Godo 2 sdMosbo | 95%
(N=130) 0b@gm3zseo (CI) Q050940 Lo®ambmgdols
(N=65) 0b@9M3zs5wo0

(CI)

dmbsforgoms 4.47% 3.77 - 5.27 2.65% 2.11-3.28

LEOMEO

65 90Mdos

(N =2194)

30396awo3gdos | 33.7% 29.0-38.5 19.9 % 16.0 - 24.3

(N=381)

33mOG 82.2% 76.2 —88.2 48.4 % 40.5 -56.2

535390000

3990331390000

(N=155)
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x59d0 HoMmdmpygboeo ogm 11,148 PYFU. Lo33wm0e0sbmdols 8563969090 8950960 2.70
bozzoml 100 PYFU-%g. 103300e0sbmdols 8583969890 «a3tm  3s@owo  oym
30396M039doolb dmbg 35309639330, 39Gdm 11.17 bogzwoero 100 PYFU vs 2.07 bo3gwoowo
100 PYFU bm6dmyozgdools dJmbg 35309639ddo (p<0.0001). Kaplan-Meier g5056Bgbol
3E0sMMI0L GgRolNdsd 9B3965 LG oLE03MMms© 860d3bgmgsbo aoblibgeggds LogMomm s
80D9H-1393083079M0  1LO3ZWOEP0BMIOLLL  3039MR039000L5 @S BMMIMYE039d00L dJmbg
3530955 GmE0U.

x0a6Ms 1. Kaplan-Meier 3500560Bgbols 5¢nds0mmds lsgmhom s 30bgb-Ldggonon®o
1033000056MmdOLSL 95% Ls™fFmbmgdols 0bEghgswoo

A. All-cause mortality B. AlDS-related mortality
10

10

-
o8 08
] 06

02 02

o
o

Survival Probability
Survival Probability

+ Censored + Censored
0.0 Logrank p <.0001 0.0 Logrank p <0001

Normoglycemia | 2672 2089 1239 472 0 Normaglycemia 2556
Hyperglycemia 242 145 a7 38 Q Hyperglycemia 196 3 80 3 0
0 2 4 6 8 0 2 4 6 8

time time

Group

— Group

C. Non-AIDS mortality D. Unknown causes of mortality

: o —— [
1
oe 08

Survival Probability
Survival Probability

+ Censored +Censored

0.0 Logrankp <.0001 0.0 Logrank p=0.0024
Normoglycemia | 2521 206 1227 an 0 Normoglycemia s
Hyperglycemia | 135 37 82 38 0 Hyperglycemia

time. time

Hyperglycemia Group Normoglycemia Hyperglycemia

30396M039d0s 3609369 m3bs 0gm sbmao®mgdmmo bsghom(HR: 2.34, 95% CI: 1.78-3.07.
p<0.0001), doUL-sbmao®mgdmer (HR: 2.30, 95% CI: 1.54-3.43, p<0.0001) s 565 dol-
SbeEoMgdE 103300E0bMdILMb (HR: 1.90, 95% CI: 1.17-3.10, p=0.01). LgbLloGow®o

3b65¢0bom 303960039905 SLMEFOMYGOMWO 0ym LogOHOM 103Z3OE0bMBOL DOl
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3069030 CD4 M) M9900L LogMomm MHom©gbmdom <200 »xMgo/dd® (HR: 2.03, 95% CI: 1.48-
2.79, p<0.0001) cos CD4 95 6900900L LogMomm Gromgbmdoo >200 My Mgwo/dd® (HR: 3.28, 95%
CI: 1.97-5.45, p<0.0001). 30%9b-b39305309960 L0330 0bMdOLLL, 306Mgddo CD4 % Mggdol
BogOmm MomEgbmdom <200 Mx6Hg0/dd® 30396Myw039805 SLMEOMIdMWo oym dbmewmu
JoL-5bmEoMIOI  10330EMIdMBILMB,bMEm 30Mgddo CD4 MxMHggdol LogMHom
5mg6mMd00m 2200 ¥ 090/33%, AbMEIME 56G5 JoEL-sLM306MJdIE 10IZE O MOdMOIBME.
303960399058 M9aGmqLool dmEgerol dm@gwol dobgzom 96  3dmbs 3933060

3B 909w B0330W056MBLME.

36mb3gdG o 33e930L bsfowdo 5033560690, MM 30396Mw039d00L 36935 gbE™MdS
51530 F5EgOOL 35 YEMEMIS OBOYIMOS 39MIM : 5 gdmbgggzs (1.31%) 19-29 fgarol, 48
(12.6%) 30-39 ool 112 (29.4%) 40-49 oo, 182 (47.8%) 50-64 {geools s1s3mdM03 Xa9IRBs o
34 (8.9%) 65 (gl oozowgdw 3o6mqddo (p value < 0.0001).

53539000 0sABMLEH03MM0 BHILEJdO BoEIMES 155 (5.3%) 30ML. 2914 30606 4.47%
(95% CI : 3.77 - 5.27) 3Jmbs 3690050930 s 2.65% (95% CI: 2.11 - 3.28) &odo 2 dsgemosbo
©050930. 381 30396M039800L Jmbg 353096306 30 33.7% (95% CI: 29.0 — 38.5) 3Jmbos
3690050930 5 19.9% (95% CI: 16.0 — 24.3) 030 2 Fod60s60 05090 .

31939 399303590 F9GHOdMEMMO LOBEOMAOL 369350 9bGMds. 50BMBRbEs, MMI Bggbo
33mMEH0L 12.8% (95% CI: 9.6 — 17.4) 5649 373 306U 3Jmbs 9¢)9dmew&o Lobo®mmdo.

36L39dGHMo 33308 BoMAWGOT0 F39©IMD 2933903300 0YMm MY 9GS 3530060 503
06830300909 3069080  30396w039d00LsL,  GHOgO3MNmbmsb, CVD, CKD o

0bLmEGH™96. 550 (18.9%) dmbsforgl 50TMIBbES oo BHMEIWOHO JmegbdgMobo s
LDL. 8506 195 (35%) 3Jmbgs 30396039305, dgsmgdomo Mobzo (RR) = 3.59 (95% CI :
3.13-4.13). CVD 3Jmbs 92 306l, &:x1090005306 44.6% (p=0.07) 0595830Jbo6©s 303960 39d0s,
RR = 4.92 (95% CI : 3.31-7.32). 0bbmem@o 256300000005 16 35:3096@L,OHMBgwmogsebsi 11
(68.8%) ©sRwJlLoMEs 3039MHA039305. 06l EHOL FgsMmgdomo Molizo RR =14.63 (95% CI :
5.11- 41.84). CKD g53m3e0bos 32 35309600, 8 50% 30396039805 509603690m0, (RR)

=6.65 (95% CI : 3.35-13.18) . 171 (5.87%) 8cbsHocgls 969930056005 ¢«nd96329emBo, Bsmysb 83
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(48.5%) 356509065 3Jmbs 3039M039905(3. BdIMZIXmbol Mmb RR=6.27 (95% CI :
4.74-8.3) .

3obboggs

bbgo@olbgs  g399o6sd0  Bo@oMgdmo 33930l dobgzom  FodMosbo  @osdgBHo  s03
06530306090 3069030 L0330 0BMBIOL BOILMBsS SbMEOMdMEo. B39BL 33¢935DYg
9YMHbMdom, 893300005 3009350, MM 30396039305 F5dM0sb0 OsdgEOm, v dob
3960989 93390005 BOEOL 1033OMW0bMBL 503 0bxoE0MYGdMW 306090T0.  SLMEFOSE0S
3039603900585 s 503 0639J305L, FmMoL dbgws@ SLobLbgwos. Lsdfrbstmo Bzqbo
330930 8369330 396 990mfds 33000 503 0379 5M3 MYM305 03936 30390 39d00ld S
A030 2 5dMm0560 ©053930L 25630005M905L, o6 396GHMT0 SMOEb3sBY dymao yzgas
35309530 53¢MA5EH M5 0Ygds 5M3 MJMO305 503L OOFBMDBOL OLIOLMSL3Y.

Logdo®mgzgerm 80939036905 @050 8gdmbogerols ddmbg J3gybgdol, Moisbgl , Lsss
505390580900 ©9350090900L 13Mb0byo 503 0bxoEOMYdMWwO 3530963Hd0L BrvE0bm
331939930 96 dgob. Lo@s®mody, MLMOLYdO b53wgdMds s B3YEOSWOLEHMB 23056
3900530L53M0gds Bl MIWOL  535IOOL  SOMGNM  O0sABMLEHOISL. Tgbodsdolo
3530963l 99300 B0 CD4 MomEgbmds ,bdoMS© M300056MJdSM M3MOEHMBoLE™MEOo
06939930900, HMYMO03E0S Lbgoalbgs 300wlmeo, Lmzmasbo s d5gEgM0wo 0bxygdzogdo.
230bLO3MIMGO0m  SELsB0TbS300  BHOIOIMEMDBO. 9T 3oMIMGIL MG  59d0d9dL
3039603w039do0l  obssMlgdMds,  MHMIoL  9909a0©o3 93300005  0BM©YdS
1033000 056MdOL MOl Z0. 3060930, HMIgEMs3 CD4 MY M9IdOL LygMDM MOMOIbMdS <200
2R M90/03* 1033OMdOL MHoL3o 30-xg6O 5J30 FoBOHOWO. BodGHMMIIL, MMIWIdo3
39309651 9b 9696 LoEMEbErOl baolbLS s V0330w 06MdOL FoB3969dgbg 0933690
31530, 56bIGd0 5615250500 H93500JOJOO O 9O 3MBEHOMEOMYOME0 503 0b6839d309.

B3060 331930l Tobg3000 bsMgW0s, OMI M 503-LMEF0MIOME0  1O3ZOE0IbMDdS
0DMIdMES 35309639000, MMIgwmsz CD4 Mx6mgqdol Loghom Gomgbmds =200
X 090/38% . MmOLYM353009)0 3313900l dobgzom CD4+ Gomgbmds, 2o3wgbsls sH9bL

503 Q9 905 503-5LMEF0MGOME 5350MALS S BOIZEOE0BMBIDBY. M 503-3LM(30MHJdOo
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Q5535099900056 A9BLO3MNMGd0m sLsb0Tbsg0s CVD,CKD, 300Mm9d0 @ d9¢o9dmevcmo

@OM0393900.

b56oBIMwo sL530, odsewo CD4 My M9gqdol Bsghomm om@gbmds s ™sbdbergdo
Q5535090900L 5OlgdMds BOHOL 65 Fbmem 1033OW0sBMdOL MOLIL, Mg byl
2PgmdlL 303960398006 gob30m56MgdsLYE. 33¢g3980 FoMgdIro J9Egagdol dobgzom
30396M039d00b5 5 5dM0560 0sd9EOL 36935¢9gbEBHMBDS 1530V oBHJOOL 35MOEGIMS©
0DBMHOIOMPY, B33 2oLO3ZZ0M0 9359, B10EYD BMYPS® 3M3MWs30sdo3 G030 2 Fogd@osbo
Q058930 5 30396039305 MBOM Fo3M3IXGOIE0s bsbEsbMe 306M9dd0. Igmegl bMog,
30396M3039d00L  2536M(39e0gds B30l BOOL 35MOEgEMI T9A30d¢0s 53bLBscY 963
0965300L MBOHM bobyMdwozo HBgdmgdggdomas. Mo MBOM bobyMdwozsw 08YymBqds 3060
563 0096530599,5300 9@ 0BOHOYOS F9BO0MMMEMO M393900LS s FogM060 dYEGHOL
B59mygsc0d900L MHob3o. fmbsdo s@qds, Lodlwydbg, 0blmEobolisdo GgHBoLEI6E™MBOL BOS,
B0 503 369350530, 256L53MMd00 PI 05 Bmyo NRTI byl mfymdl genm3mbol ombols
93539055 O 3030 2 FodMm0560 019G 396300569dsL. 33¢930L 3BM39LT0 odMm3e0bs,
&3 303960039905 503 0683030MOME 3060900 SBM(30609d0s obErodowgdool, CVD,
CKD, 0blwem@obs s ¢999639900mbBol ob3005609d5bmsb.

B3960 33en930L obg300 503 0683030MFIM 306H9ddo 3039MHA039305 s 3030 2 VodMmosbo

Q©0509BH0 MROM 4530EJCGOIME0s 35053539080 30000 Joerqddo .

439039 19900439906 459m80bs6My , BLoFoMHMs 303960390005 S 36RO STVIO0
Q95350099900L  ym3z9efero®o  dmbo@m®mobyo,Moms 398300l 03 0bxzoEoMmgdmwo
306900l 5350Mds S B03ZZOE0DMDs. 5GP HTIO0 5350 JOJOOL  361939D30s o
655006930 ©939J30d 8339MO® PosmBXMILIOL 503 0bxO30MYOMEo 30M9gd0L 3bmaM9gdol
bs®olbl o oBMEOL 53 3060900l LoEgMbeErol boba®dwogzmdsls.

51336900 s Hg303960530900
3336900
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©dl33bs 1 . M3 0gMms3ool  bgedolsfzmdmdsd  36033bgarmgbo  4oBsts  v03
0630306090900l LoEgMEbErol bsbyMdwogmds, Tglsdsdolo@ FOOBIMP 5G5R5AIOO
Q55350099900L GHoEb30.

513365 2. H03o 2 BodM0sb0 ©0sdgBOL 369350 9b@Mds 503 06x3030MYIMW 306Hgdd0 G
509953905 LJoOMZG ML MLObEIGMBSTo 3030 2 odMH060 OBYEHOL 361935 gbEMOL.
313365 3. Ho3o 2 FodM0sbo 0dgBHOL 930390905 503 06830300 306MHgdTo sbs30l
353990l 3OM3MMEF0MEIE 0HBOEIOMS.

©s336s 4. BHo3o 2 Todm0osbo ©0sdgBHO MBOM Q93039 OME0s 503 06830E0MYdME
05053539030 300069 503 06930306093 Joergddo.

333365 5. 503 06x30(30690 3069030 3039MY039d05 3030 2 TogdM05650 OLdYEHOM, 1) dols
3960989 SLMEOMGOI0S MRS HTWOIIO 9350 JOGOOL ZOBOEOE MHOLZMD.

533365 6. 30396039805 G030 2 FodMm0sbo ©0sdgBHO0m, Mg Aol gocgdg 2 x9gH BOOL
BogOHMM 5 JoEL-bME0MGdIMM 0330 0sBMBIL 503 06x3030MYOMW 3oGgddo (CD4 <200).
53365 7. 303960039905 030 2 odM0560 ©0sd9EH0M, 19 Job otgdg 4 XJO BOHOL 5Gro
doU-sbME0MdME 1LO3ZEOW06MBL 503 0bTO3MIdME 3oMgddo (CD4 =200)

3653G03meo M930md9bs3ogdo

69300965305 1 . Lododmggwmbo  503/06839J300L 933096900 ©osabmbiGogol
39035¢0L{H0bgd0m, LsFOMMS H5350JOOL SEMGM BEBO0sDY H0RBMLEBH03ZS . 39MIM,
3063950  X9BOE30L Mmewdo JodoMm30Lsl,  Y3gws 353096AL  F990oz5DML  v03
06939930009 GHLEGH0MYdS. Y39ws 3mb30GI0HBIOME0 353096GL BoMEBHIO®IL BHguBHo 03
06g399300L godmbogergbs.

09303965305 2 . 503 0bx0E0MgdMwo 3060930l dobodswwr®mo 33w930L LEBLOETO |,
599300099390 330930l Bsdmbom3g5¢do ©o9d53¢MmU 2ew)3mBoL 306(396EHMSE300L 4obLsDL3M
MHIME, {3 BoLIIO BHMEYOHBBHMOOL GHabGo , HOMA Index, garozmbBomgdmwo
390 ™d0bo s W030EMYMTs.

933965305 3 . Yz9gws 353096BHL 6-12 m39do 1 X9 obgLBWIOML e 3mBol

3063965305 BIM (353096@ 9Ol 59bLBsm MBAM© ymxzbols 360369 Mdy).
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93039605305 4 . 43905 353096GL OMBgLsi 99933190 563 3OBsEMds 3-6 Mg9d0 1 %96
3969L5BO3OML Jem 3Bl 3MBEIBEEHME30s MBI (353095FHIOL 59blbsm MHBIM© ymgxzbol
360036900Mds).

93099605305 5 . 030l 498, HMA 503 068030MGdME 353096GJOL A0S T odMEGO
Bob®M™do Fomdo {fmbol s6/s fgerols 3mds@gdrmo ao639dmgMowmdol gocmgdg bdoMso
50960869d50,939es 3530961 6-12 m39do 1 %96 2569LsbgOMml HOMA Index, Gomo
OMMWOS© JmbEgl 0bbYIobolsdo dms@gdmwo MBoLEHIEGHMdOL ©IBIJ30> ©d
96006H™3606MEMY9b 35080Lsd5MMYdS.

69300965305 6 . 503 0b6x8030MIOME 30609330 M3 YMH3000m  0bEOMEFOMIOMWO
obE030 300l IMBsBHJdMwo 36M935¢9gbEHMdOL godm gzgws 353096@L 6 m39do 1 x96
39993063HOMEIL W030MYM5Ds.

69300965305 7 . 503 0b6x8o3oMgdme 3069030  3039MHQ039300L5L  QobM©Owo
103300056MdOL JdM, Y395 3mb30EW0HBYOMW 35:3090EL 393MbGHOME L er039d0s
HIME O 303MHB0MYOM0o 399MYMdObO, 0sdYEOL MK IBYMO 565369Dol Fgdm3z93530
33093900 ©s9dsEHmb HOMA Index.

93M09605305 8 . 503 0b6x030MgdMW 3069dL, Mg Mg 9d300 odM0sbo osdg@o, 4-6
3900 1 %96 353b6EHOMEOIM 2e003M0D0MGOIo 390maEmdobol 306(396@G300.
93009605305 9. 50b0dbMo 3300939008 EMML 30396039300l , 0blvyobobowdo
9353900 M9HBoLEBHIBEHMIOL 96 FMTsBHJOIro 0 3MBOMYGIMWo  390mamdobols
0900393500, ©OMMEs© dmbEal 503 0b6x8030MgdMWwo  30600L  2oITOLITIMGIS
9600 ™ 360bMmEMymsb.

693m965305  10. LoFodOms  3039Mae039300L5 @O 960Q55TEIO0  ©553500)dJdOL
43900 dmbodm®mobyo,0505 8993009l 503 0683030000 30609O0L 53500MBS S
1033OE06MBS.

93096¢05305 11. LsFoMOHMS gomdx MdILOIL 503/doLOL 3E0boME LgMZ30LgdT0 BsMIIEIMDS.
5053505800 gd0 V95350J0JO0L 3619396305 S Bo9MI30 YEJJ30S 833907MO Q95X MBYLYOL
503 06530300900 306900L (3bMm3zMIOOL bsmolbL s goBMHOL 8 30Mgd0L LoEmEberols
bobgaMde0gmdsL.
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Relevance of the topic

Acquired immunodeficiency syndrome (AIDS) is a chronic, potentially life-threatening condition
caused by the human immunodeficiency virus (HIV) (Barré-Sinoussi, 2010; Barré-Sinoussi et al.,

1983; CDC, 2021; Gallo & Montagnier, 2003; Levy et al., 1984).

HIV/AIDS remains a dynamic and growing epidemic. The disease covered all the continents and
countries of the world. HIV affects everyone equally regardless of race, gender, age, nationality, and
education. According to data from the World Health Organization (WHO), AIDS is the fourth cause
of death in the world (WHO, 2021). The effectiveness and availability of antiretroviral (ARV)
therapy have contributed to the stability of the situation, although the number of people infected
with HIV continues to increase worldwide ((BHIVA), 2018; Achwoka et al., 2019; Barré-Sinoussi,
2010; WHO, 2021).

Life expectancy and quality of life of people living with HIV (PLWH) have been dramatically
improved after introducing antiretroviral therapy (ART). Accordingly, the prevalence of non-
communicable diseases increased among people living with HIV (Achwoka et al., 2019; Adeyemi et
al., 2021; Bruno et al., 2002; Falasca et al., 2007; Friis-Meller et al., 2003; Friis-Meller et al., 2010;
Husain et al., 2017; Kansiime, Mwesigire, & Mugerwa, 2019; Magafu et al., 2013). According to the
WHO, 41 million people die annually from non-communicable diseases, % of them in low- and
middle-income countries, where the prevalence of HIV infection is high. 17.7 million people die
from cardiovascular diseases, 8.8 million from cancer, 3.9 million from respiratory problems, and 1.6
million from diabetes (WHO, 2021). Globally, arterial hypertension is responsible for 18% of
deaths, followed by tobacco use and hyperglycemia (Gebreyes et al., 2018).

Metabolic, cardiovascular, kidney, liver, bone, lung, neoplastic, CNS, and sexual disorders are
common co-morbidities in PLWH (Achwoka et al., 2019; Adeyemi et al., 2021; Broder, 2010). ;
Cailhol et al., 2011; Calza et al., 2011; Choi, Shlipak, Hunt, Martin, & Deeks, 2009; Dimala, Atashili,

Mbuagbaw, Wilfred, & Monekosso, 2016; Gallant, Hsue, Shreay, & Meyer, 2017; Husain et al., 2017;
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Kansiime et al., 2019; Magafu et al., 2013; Patel et al., 2018). Non-communicable diseases develop
due to HIV-associated risk factors, such as activation of the immune system by uncontrolled HIV
replication, inflammatory response, coagulation, co-infections (cytomegalovirus and hepatitis C),
ARV therapy, and permanent immunodeficiency. In PWLH, several non-communicable diseases
might coexist at the same time and the prevalence of such cases is 4.7%. (Achwoka et al., 2019;
Brown, Tassiopoulos, Bosch, Shikuma, & McComsey, 2010; Husain et al., 2017; Martin-Iguacel,
Negredo, Peck, & Friis-Meller, 2016; Nakaranurack & Manosuthi, 2018; Nix & Tien, 2014).

According to various studies, the prevalence of metabolic disorders and type 2 diabetes in PLWH
has increased dramatically (Brown et al., 2010; Gazzaruso et al., 2002; Hernandez-Romieu, Garg,
Rosenberg, Thompson-Paul, & Skarbinski, 2017; Husain et al., 2017; Kansiime et al., 2019; Nix &
Tien, 2014; Patel et al., 2018). Scientists suggest that this process is related to HIV infection and
ARYV therapy. Information about the coexistence of these diseases is very few. According to existing
studies, the prevalence of type 2 diabetes in HIV-infected individuals ranges from 2-14% (Shen et
al., 2013), and it dramatically increases the risk of mortality (Alvaro-Meca et al., 2016).

Risk factors for diabetes mellitus are well known in the general population, but HIV and ARV are
additional risk factors. The development of type 2 diabetes mellitus during HIV depends on several
factors, such as the duration of HIV infection, the degree of immunosuppression, and exposure to
ARV drugs (Achwoka et al., 2019; Adeyemi et al., 2021; Bonfanti et al., 2007; Brown et al., 2010; da
Cunha, Maselli, Stern, Spada, & Bydlowski, 2015; Duncan, Goff, & Peters, 2018; Nakaranurack &
Manosuthi, 2018; Pelchen-Matthews et al., 2018; Teeraananchai, Kerr, Amin, Ruxrungtham, & Law,
2017; Wand et al., 2007). Specific ARV medications, particularly PIs, NRTIs, and some NNRTIs,
have been associated with type 2 diabetes (de Waal, Cohen, & Maartens, 2013; Estrada et al., 2006;
Karamchand et al., 2016; Martin Lde et al., 2008; Rasmussen et al., 2012), with dysglycemia,
dyslipidemia, lipodystrophy, chronic kidney disease, arterial hypertension, and the development of
myocardial infarction (Achwoka et al., 2019; Alencastro et al., 2011; Alencastro et al., 2012; Baum et
al., 2006; Boyd et al., 2017; Bruno et al., 2002; Calza et al., 2011; Casqueiro, Casqueiro, & Alves,
2012; Dimala et al., 2016; Estrada et al., 2006; Falasca et al., 2007; Friis-Maeller et al., 2010; Gallant et
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al., 2017; Gebreyes et al., 2018; Heron et al., 2019; Husain et al., 2017; Kalra, Kalra, Agrawal, &

Unnikrishnan, 2011; Kansiime et al., 2019; Mocroft et al., 2015; Nix & Tien, 2014).

Some studies have shown that the mortality rate of hyperglycemic HIV-infected patients is

significantly higher than the mortality rate of normoglycemic HIV-infected patients (Chkhartishvili

et al., 2017; Chkhartishvili et al., 2014; "Estimating the burden of HIV late presentation and its

attributable morbidity and mortality across Europe 2010 -2016," 2020; Park, Zufiiga, & Garcia, 2019;

Suligoi et al., 2018; Trickey et al., 2016; Wada et al., 2014). The risk of myocardial infarction is

almost doubled in patients with HIV and diabetes (Friis-Meller et al., 2003; Friis-Meller et al.,

2010).

Table 1. Causes and mechanisms of diabetes mellitus in among people living with HIV

Reasons of disease

Mechanisms of disease development

development
By inducing a chronic inflammatory process in the body, the
concentration of pro-inflammatory cytokines, tumor necrosis
HIV factor (TNF)-a, IL-6, IL-8, and IL-18 increases.
By affecting the intestinal flora, in particular by reducing the
number of Anaerococcus
Drastic weight gain
ART

Disruption of adipocyte differentiation and metabolism

Lipodystrophy

Protease Inhibitors

Increases insulin resistance through GLUT 4-dependent and -

independent mechanisms

Blocks proteases responsible for converting proinsulin to

insulin and regulating insulin catabolism
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They change adipogenic proteins and inhibit the

differentiation of adipocytes

Pancreatic B cell toxicity

Nucleoside reverse Disruption of mitochondrial function

transcriptase inhibitors

Pentamidine Pancreatic B cell toxicity

Magesterol Acetate With a mechanism of action similar to glucocorticoids

With the development of a chronic inflammatory process

HCV By inhibiting IRS1/IRS2 signaling pathways

Earlier, diabetes and HIV/AIDS were considered separate epidemics, but now two big epidemics are
converging. These diseases remain a dynamic and growing problem and one of the important

challenges of global health. Based on the above, there is great interest in the mentioned issue.

Effective ART alone is not sufficient for successful health management in PLWH. Prevention,
timely diagnosis, and appropriate treatment of comorbidities are necessary. Unfortunately, in low
and middle-income countries comorbidities are on the second plan. Georgia belongs to a low-
income country, where screening for non-communicable diseases is not included in the routine
check-ups among HIV-infected patients. Poverty, lack of resources, and late referral to a specialist
prevent early diagnosis of the disease, which increases the morbidity and mortality of PLWH

(Chkhartishvili et al., 2017; Chkhartishvili et al., 2014; WHO, 2021).

Research regarding the mentioned issue has never been conducted in Georgia. Practically, there is
no available data from Eastern European countries on this topic. There is very little data and

information on this issue worldwide.

Research Hypothesis
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Diabetes mellitus and increased insulin resistance in PLWH are associated with worse clinical

outcomes.

Reason of research

1. The purpose of the study is to determine the prevalence of diabetes, prediabetes, and metabolic
syndrome in PLWH.
2. Comparison of the course and outcomes of diabetes mellitus between HIV-infected

hyperglycemic and normoglycemic individuals.

The main tasks of the research

1. Identification of patients with diabetes, pre-diabetes, and metabolic syndrome among PLWH
registered in 2012-2018 and estimate prevalence; The study subjects were followed up until
December 2021.

2. Analysis of laboratory markers of diabetes mellitus and metabolic syndrome in PLWH and
comparison of mortality rates between study groups.

3. Optimizing the clinical management of diabetes mellitus and metabolic syndrome in HIV-
infected individuals.

4. Based on the research results, the development of a timely diagnosis and management protocol

for diabetes mellitus and metabolic syndrome in PLWH.

Scientific novelty and practical value

ART has reduced mortality among PLWH worldwide. At the same time, the prevalence of non-
AIDS-related diseases and the mortality caused by them have increased. In recent years, the
increasing prevalence of metabolic diseases increased among PLWH. Studies are being conducted
worldwide to determine whether the prevalence of metabolic diseases in PLWH is higher or not

and what causes it.
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A similar study has not been conducted in Georgia or Eastern European countries. The study aims to
calculate the prevalence of diabetes, to determine the association between hyperglycemia and
mortality. To deepen knowledge about the existing issue. As a result of our research, the prevalence
of insulin resistance, type 2 diabetes, and complications caused by them among PLWH will be
established for the first time in the Georgian population. Optimal modes of prevention and
management will be developed. The results of the study will contribute to the optimization of
diagnostics, preventive measures, and treatment of type 2 diabetes mellitus and insulin resistance in

PLWH, which will positively affect the life expectancy and quality of life of these people.

Study Methods

Study Population

Patients with HIV/AIDS (>18 years old) registered in the Infectious Diseases, AIDS and Clinical
Immunology Research Center in 2012-2018 were included in the study. The AIDS center serves
65% of the registered HIV-infected patients across the country. Research subjects were included in

the study by "sequential sampling".

The identification of research subjects was carried out through the existing electronic database of
HIV/AIDS patients registered in the Infectious Diseases, AIDS and Clinical Immunology Research
Center. Patients were included in the study based on informed consent during a regular visit.

Exclusion criteria: patients who died or were lost within 6 months from registration.

Study Design and Sample Size

A retrospective cohort study(with prospective elements) has been conducted. People with
HIV/AIDS registered in the Infectious Diseases, AIDS and Clinical Immunology Research Center in
2012-2018 (>18 years old) were included in the study. Observation of people participating in the
study continued until December 2021. Patients who were lost or died within 6 months of
enrollment were excluded from the study. 2914 people were included in the study. Patient data

were extracted from the National HIV/AIDS Database (AIDS HIS). The database is included in all
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AIDS treatment facilities across the country. The database is completely protected, where
information is obtained about all confirmed cases of HIV/AIDS, demographic, epidemiological,

clinical, and laboratory data.

Within the retrospective study, the epidemiological, demographic, clinical, and laboratory
information of the patients participating in the study was checked, namely age, gender, glycemic
indicators, lipid spectrum, HIV RNA quantitative index, CD4 count, ARV medication combination,
co-morbidities, cause of death. The primary objective of the retrospective study was to determine

the association between hyperglycemia and mortality (all-cause and cause-specific mortality).

In the prospective part of the study, the observation of the glycemic index and laboratory data
continued. Patients were included in the study based on informed consent. All patients with
hyperglycemia or dyslipidemia were referred to an endocrinologist. Taking into account the
anamnesis and risks, patients with hyperglycemia were additionally subjected to the following
examinations: oral glucose tolerance test (with 75 g of glucose), HOMA Index, glycated hemoglobin,
and lipidogram. We calculated the prevalence of diabetes, tuberculosis, CVD, CKD, and stroke, and

also determined the relationship of these diseases with hyperglycemia.

Statistical Analysis

We used descriptive and analytical statistical methods in the research. Causes of death were
classified according to the Coding of Death in HIV (CoDe) protocol. Based on CoDe protocol, deaths

were classified into the following categories: AIDS-related deaths, non-AIDS and unknown.

The descriptive analysis was performed using the median and interquartile range for continuous
variables and frequency/percentage for categorical data. Bivariate comparisons were tested using
Pearson’s chi-square test. The time-to-event approach was used for deriving mortality rates
calculated as the number of deaths divided by the number of total person-years of follow-up (PYFU)
contributed to the observation period. Kaplan-Meier method was used to estimate the probability of

survival by hyperglycemic status. The association between hyperglycemia and mortality was
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assessed in Cox proportional hazards regression analysis with a competing risk model used for
estimating the cause-specific adjusted hazard ratios. In the sensitivity analysis, we evaluated the
influence of hyperglycemia on all-cause and cause-specific mortality by CD4 cell strata (people with
CD4 count <200 and >200 cells/mm3). A p-value <0.05 was considered statistically significant. All
analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA).

Ethical approval
Ethical approval was obtained from the ethics committee of the Infectious Diseases, AIDS, and

Clinical Immunology Research Center (approval # 20-006).

Results

2914 PLWH participated in the study. Their median age was 36 (IQR: 22-80) years. 2204 (75.6%)
were men. In total, 619 (21.2%) participants had total CD4 cell counts <200 cells/mm3, 1085
participants 200-500 cells/mm3, and 1210 participants >500 cells/mm3. AIDS was diagnosed in 1189
(40.8%) people. All patients were on ART. 183 (6.3%) individuals had comorbidities such as
cardiovascular disease, kidney disease, and cancer. 11 (0.4%) patients refused to participate in the
prospective part of the study due to the current situation during the Covid-19 pandemic. 215 (7.4%)

people were lost during the research process.

Table 2. General data of the HIV-infected cohort (n=2914)

Variable Sum N (%) Male Female
Gender 2914 (100%) 2204 (75.6%) 710 (24.4%)
Hyperglycemia 381 (13.1 %) 326 (85.6 %) 55 (14.4 %)
They refused to participate in | 11 (0.4 %) 9 (0.4%) 2 (0.3%)
the study
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Lost to follow-up.

(2012-2021 year)

215 (7.4%)

183 (8.3%)

32 (4.5%)

Died during the study period

(2012-2021 year)

301 (9.7%)

256 (11.6%)

45 (6.3%)

additional diagnostic

(OGTT,Homa Index,
lipidogram, HbAlc)

tests

155 (5.3%)

145 (6.6%)

10 (1.4%)

Table 3. Distribution of hyperglycemia in PWLH by age (n=2914)

Distribution = of Cohort with hyperglycemia P-value | median
hyperglycemia by (N=381) 13.1 % (IQR)
age 19-29 | 30-39 | 40-49 50-64 | >65 36
(22- 80)
5 48 112 182 34 <0.0001
(1.31%) | (12.6%) | (29.4%) | (47.8%) | (8.9%)

381 (13.1%) had hyperglycemia, the prevalence increased with age. Individuals with total CD4 cell

counts <200 cells/mm3 were more likely to have hyperglycemia. The distribution of hyperglycemia

by gender did not differ significantly (p=0.11). A total of 301 (9.7%) HIV-infected persons died at a

median of 3.71 (IQR: 2.14-5.37) years during the study period. Among them, 139 (46.2%) were

AIDS-related, 123 (40.9%) were not AIDS-related, and 39 (12.9%) were due to an unknown cause.

Table 4. Multivariate analysis of the association of hyperglycemia with all-cause and cause-specific

mortality by baseline CD4 cell count (n=2914)

CD4 <200 (n=558)

CD4 =200 (n=2,356)

ratio

Adjusted Hazard | p-value

Adjusted Hazard | p-value

ratio
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(95% CI) (95% CI)
All-cause mortality
Hyperglycemia 2.03 (1.48-2.79) <0.0001 | 3.28 (1.97-5.45) | <0.000
1
Normoglycemia 1 1
AIDS-related mortality
Hyperglycemia 2.48 (1.64-3.77) <0.0001 | 0.86(0.20-3.77) 0.84
Normoglycemia 1 1
Non-AIDS mortality
Hyperglycemia 1.16 (0.65-2.06) 0.62 4.60 (2.28-9.26) | <0.000
1
Normoglycemia 1 1
Mortality from unknown cause
Hyperglycemia 1.30 (0.40-4.27) 0.66 2.36 (0.59-9.37) 0.22
Normoglycemia 1 1

The multivariate regression model was adjusted for age, gender, HIV transmission mode, history

of AIDS diagnosis, and non-communicable comorbidities.

Table 5. Prevalence of type 2 diabetes and prediabetes in HIV-infected persons, (n=2914)

Variable Prediabetes 95% Confidence | Type 2 diabetes | 95 % Confidence
(N=130) Interval (CI) mellitus (N=65) | Interval (CI)

Total number of | 4.47% 3.77 - 5.27 2.65% 2.11-3.28

participants (N =

2194)

Hyperglycemia 33.7% 29.0-385 19.9 % 16.0 - 24.3

(N=381)

Cohort with | 82.2% 76.2 — 88.2 48.4 % 40.5-56.2

additional

investigations

(N=155)
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Overall, the cohort contributed to 11,148 person-years of follow-up (PYFU), translating into a
mortality rate of 2.70 deaths per 100 PYFU. The mortality rate was significantly higher among
individuals with hyperglycemia - 11.17 deaths per 100 PYFU vs 2.07 deaths per 100 PYFU among
normoglycemic patients(p<0.0001). Kaplan-Meier survival estimates showed statistically significant
differences between hyperglycemic and normoglycemic groups for all-cause and cause-specific

mortality.

Figure 1. Kaplan-Meier survival estimates for all-cause and cause-specific mortality with several

participants at risk and 95% confidence intervals.

A. All-cause mortality B. AlDS-related mortality
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Hyperglycemia remained significantly associated with increased hazards of death for all-cause
mortality (HR: 2.34, 95% CI: 1.78-3.07. p<0.0001), for AIDS-related mortality (HR: 2.30, 95% CI:
1.54-3.43, p<0.0001) and non-AIDS mortality (HR: 1.90, 95% CI: 1.17-3.10, p=0.01). In sensitivity
analysis, hyperglycemia was associated with increased hazards of all-cause mortality in both people
with CD4 count <200 cells/mm3 (HR: 2.03, 95% CI: 1.48-2.79, p<0.0001) and CD4 count >200
cells/mm3 (HR: 3.28, 95% CI: 1.97-5.45, p<0.0001). Regarding cause-specific mortality, among

people with CD4 count <200 cells/mm3, hyperglycemia was associated with AIDS-related mortality
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but not with non-AIDS deaths, and vice versa among persons with CD4 count <200
cells/mm3hyperglycemia was associated with non-AIDS mortality and not with AIDS-related
mortality. Hyperglycemia did not show a significant association with mortality from unknown

causes in any regression models.

Additional diagnostic tests were performed on 155 (5.3%) people. Of 2914 individuals, 4.47% (95%
CI: 3.77 - 5.27) had prediabetes and 2.65% (95% CI: 2.11 - 3.28) had type 2 diabetes. Of 381
hyperglycemic patients, 33.7% (95% CI: 29.0 — 38.5) had prediabetes and 19.9% (95% CI: 16.0 -
24.3) had type 2 diabetes. We also calculated the prevalence of metabolic syndrome. 12.8% (95% CI:

9.6 — 17.4) so 373 individuals in our cohort were found to have metabolic syndrome.

During a prospective study, we tried to find out whether there was an association with
hyperglycemia, tuberculosis, CVD, CKD, and stroke in HIV-infected individuals. 550 (18.9%)
participants had high total cholesterol and LDL. 195 (35%) had hyperglycemia, relative risk (RR) =
3.59 (95% CI: 3.13-4.13). 92 people had CVD, of which 44.6% (p=0.07) had hyperglycemia, RR =
4.92 (95% CI: 3.31-7.32). Stroke developed in 16 patients, of which 11 (68.8%) had hyperglycemia.
The relative risk of stroke RR = 14.63 (95% CI: 5.11- 41.84). CKD was detected in 32 patients, 50%
of them had hyperglycemia, (RR) = 6.65 (95% CI: 3.35-13.18). 171 (5.87%) participants developed
tuberculosis, and 83 (48.5%) of them also had hyperglycemia. In case of tuberculosis, RR=6.27 (95%
CI: 4.74-8.3).

Discussion

According to research conducted in different countries, diabetes mellitus is associated with
increased mortality in HIV-infected people. Based on our research, we can say that hyperglycemia
with or without diabetes mellitus dramatically increases mortality in HIV-infected individuals. The
association between hyperglycemia and HIV infection is difficult to explain. Unfortunately, within
our study, it was not possible to test whether HIV itself or ART causes the development of
hyperglycemia and type 2 diabetes. All patients enrolled in the center automatically started ART

immediately after the HIV diagnosis.



Georgia belongs to a low-income country, where screening for non-communicable diseases is not
included in routine examinations of HIV-infected patients. Poverty, lack of resources, and late
referral to a specialist prevent early diagnosis of the disease. Consequently, patients with low CD4
count often develop opportunistic infections, such as various viral, fungal, and bacterial infections.
Tuberculosis is especially noteworthy. This situation is aggravated by the coexistence of
hyperglycemia, as a result of which the risk of mortality increases dramatically. Individuals with
total CD4 cell counts <200 cells/mm3 have a 30-fold increased risk of death. Factors that affect the

quality of life and mortality rates include age, comorbidities, and uncontrolled HIV infection.

From our study, it is clear that non-HIV-related mortality was increased in patients with total CD4
cell counts >200 cells/mm3. Observational studies suggest that CD4+ counts influence HIV and non-
HIV-related morbidity and mortality. Among non-HIV-related diseases, CVD, CKD, cancers, and

metabolic disorders particularly.

Older age, low total CD4 cell count, and the presence of co-morbidities not only increase the risk of
mortality but also contribute to the development of hyperglycemia. Based on study results, the
prevalence of hyperglycemia and diabetes increased with age, which is not surprising, because, in
the general population, type 2 diabetes and hyperglycemia are more common in older people. On
the other hand, the spread of hyperglycemia with increasing age can be explained by longer
exposure to ARV therapy. The longer a person is on ART, the higher the risk of developing
metabolic disorders and diabetes. Weight gain, obesity, increased insulin resistance, and some ARV
drugs, especially PIs and some NRTIs contribute to elevated glucose levels and the development of
type 2 diabetes. In the process of research, it was revealed that hyperglycemia in PLWH is
associated with the development of dyslipidemia, CVD, CKD, stroke, and tuberculosis. According to
our study, hyperglycemia and type 2 diabetes in HIV-infected individuals are more common in men

than in women.

Based on the aforesaid, annual monitoring of hyperglycemia and non-communicable diseases is

needed to reduce the morbidity and mortality of HIV-infected persons. Prevention and early
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detection of non-communicable diseases will dramatically improve the quality of life of HIV-

infected individuals and increase their life expectancy.

Conclusions and Recommendations

Conclusions

Conclusion 1. The availability of ART has significantly increased the life expectancy of people

infected with HIV, thus the number of non-communicable diseases has increased.

Conclusion 2. The prevalence of type 2 diabetes in HIV-infected people does not exceed the

prevalence of type 2 diabetes in the population of Georgia.

Conclusion 3. The prevalence of type 2 diabetes in HIV-infected individuals increased

proportionally with age.

Conclusion 4. Type 2 diabetes is more common in HIV-infected men than in HIV-infected women.

Conclusion 5. Hyperglycemia in HIV-infected individuals with and without type 2 diabetes is

associated with an increased risk of noncommunicable diseases.

Conclusion 6. Hyperglycemia with or without type 2 diabetes mellitus doubles overall and AIDS-

related mortality in HIV-infected individuals (CD4 <200).

Conclusion 7. Hyperglycemia with or without type 2 diabetes mellitus increases non-AIDS-related

mortality 4-fold in HIV-infected individuals (CD4 >200).

Practical Recommendations

Recommendation 1. Considering the late diagnosis of HIV/infection in Georgia, it is necessary to
diagnose the disease at an early stage. In particular, when referring to primary care, all patients

should be offered HIV testing. All hospitalized patients should be tested for HIV infection.
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Recommendation 2. Measurement of fasting glucose concentration, glucose tolerance test, HOMA

Index, Hb1Ac, and lipidogram should be added to the minimum standard check-up list.

Recommendation 3. Fasting glucose concentration should be measured in all patients once every 6-

12 months (explain to patients the importance of fasting).

Recommendation 4. After changing the ARV combination glucose concentration should be

measured once in 3-6 months (explain to the patients the importance of fasting).

Recommendation 5. Because HIV-infected patients often have metabolic syndrome without excess
weight and/or increased waist circumference, HOMA Index should be determined for all patients
once every 6-12 months to timely detect increased insulin resistance and refer them to an

endocrinologist.

Recommendation 6. Due to the increased prevalence of ART-induced dyslipidemia among PLWH, a

lipidogram should be checked once every 6 months in all patients.

Recommendation 7. Because of the increased mortality associated with hyperglycemia in HIV-
infected individuals, fasting blood glucose and glycated hemoglobin should be monitored in all
hospitalized patients, and the HOMA Index should be checked in case of a family history of

diabetes.

Recommendation 8. Glycated hemoglobin should be checked once every 4-6 months among PLWH

with diabetes mellitus.

Recommendation 9. In the case of hyperglycemia, increased insulin resistance, or elevated glycated
hemoglobin during the mentioned studies, the HIV-infected individual should be referred to an

endocrinologist promptly.

Recommendation 10. Annual monitoring of hyperglycemia and non-communicable diseases is

needed to reduce morbidity and mortality among PLWH.
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Recommendation 11. Involvement in HIV/AIDS clinical services needs to be improved. Prevention
and early detection of non-communicable diseases will dramatically improve the quality of life of

HIV-infected individuals and increase their life expectancy.
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