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Abstract. Background: Coronary collateral plays a role in maintaining myocardial function, limiting infarct size, and reduced
morbidity and mortality. Uric acid to albumin ratio (UAR) has recently been discovered as a novel biomarker associated
with cardiovascular disease. However, studies investigating the relationship between UAR and coronary collateral
circulation (CCC) formation are limited and have low magnitude. Therefore, this study aims to determine the relationship
between UAR and CCC formation in coronary artery disease patients. Methods: The literature was searched in PubMed,
Medline, SpringerLink, ScienceDirect, and Scopus for articles published before August 2024. Studies that did not report
UAR results as one of the parameters but included uric acid and albumin in their laboratory parameters, had UAR values
calculated using the error propagation for ratio formula. Statistical analysis for meta-analysis using Review Manager 5.4
software to evaluate the relationship between UAR and CCC. Results: A systematic search retrieved nine studies that
met the eligibility criteria. The total population in these studies was 5290 subjects, including 3744 subjects with good
coronary collateral circulation and 1546 subjects with poor coronary circulation. Four of the nine studies assessed albumin
parameters using glycated albumin and one study assessed albumin parameters using ischemic modified albumin. The
uric acid/albumin ratio is correlated with CCC formation, with the lower the UAR, the more likely CCC formation will occur
(SMD -0.31, 95% CI -0.56 to -0.05, p-value 0.02, 12 93%). In the subanalysis of the different parameters, uric acid is also
correlated with CCC formation (SMD -0.41, 95% CI -0.74 to -0.08, p-value 0.01, 12 96%), while albumin has no strong
correlation. Conclusion: Uric acid to albumin ratio could be a new parameter in predicting the formation of coronary
collateral circulation in patients with stable coronary artery disease.
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Pestome. BbBepeHue: Konatepanute Ha KOpOHapHWUTE CbAOBE MrpasiT pons 3a NOAAbPKAHETO HAa MUOKapaHaTa (PyHKUWs, orpa-
HM4aBaHeTO Ha pasmepa Ha WHGhapkTa U HamaneHaTta 3abonsieMocT U CMbPTHOCT. CbOTHOLIEHNETO MUKOYHA KucennHa/
anbymmH (UAR) Hackopo e OTKpKTO KaTo HOB BroMapKep, CBbp3aH CbC CbpAEUHO-CbA0BIUTE 3abonsBaHms. Bbnpeku ToBa
npoyyBaHusATa, ucnegsaLuy Bpbakata mexay UAR 1 hopmrpaHeTo Ha kKopoHapHa konaTeparnHa Uypkynaums, ca orpaHu-
YeHu 1 C Hucka 3HauumocT. ToBa NpoyyBaHe Lienu Aa ce onpegenu spb3kata Mexay UAR 1 ¢opmmupaHeTo Ha KopoHapHa
KonaTteparHa LmpKynaLus npy nauyeHTy ¢ kopoHapHa apTepuanHa 6onect. Metoam: MpoBeaeHo € nuTepaTypHO Thpce-
He B PubMed, Medline, SpringerLink, ScienceDirect n Scopus Ha ctatuu, ny6nukysaxu npeau asryct 2024 r. 3a npoyysa-
HWsATa, KOUTO He JoknaasaT pe3ynTati 3a UAR kaTo eauH oT napameTpuTe, HO BKIIOYBAT MUKOYHA KUCENWHA W anbyMuH B
nabopaTopHuTe cu napameTpu, ctonHocTute Ha UAR ca nsuucneHu ¢ nomollta Ha doopMmyna 3a pasnpocTpaHeHune
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Ha rpeLukuTe 3a hopmynaTa Ha CbOTHOLLEHWETO. CTaTUCTUYECKUS aHanu3 B TO31 METaaHanm3 € M3BbPLLEH Ype3 cogTy-
ep Review Manager 5.4, 3a fja ce oueHu Bpbakata Mexay UAR 1 kopoHapHaTa konateparHa umpkynauus. Pesyntatu:
Upes cMcTemMaTMYHOTO ThPCEHE Ce 0TKpKXa 9 NpoyyBaHMs, OTrOBapALLM Ha kKpuTepuuTe 3a gonyctumoct. ObLata nony-
nauus B Te3n npoyysanus € 5290 nuua, Bkn. 3744 nuuya ¢ fobpa kopoHapHa konatepanHa Lupkynauus 1 1546 ¢ nowa
KopoHapHa Liypkynauus. B 4 ot 9 npoyusaHus anbyM1HOBMTe MapaMeTpu Ce OLeHsIBaT Ype3 rMnKUpaHus anbymuH u B
1 npoyyBaHe — Ype3 UCXeMUYHO MopuuumpaH anbymuH. ChOTHOLLEHMETO MUKOYHA KUCenuHa/anbymuH kopenupa ¢
hopMMPaHETO Ha KOpOHapHa konateparnHa LMpKynawms, kaTo KonkoTo no-Hucko e UAR, TonkoBa no-BeposiTHo e 06pasy-
BaHeTO Ha kopoHapHa konatepanHa umpkynaums (SMD -0,31, 95% CI -0,56 o -0,05, p-croiHoct 0,02, 12 93%). Mpw no-
JaHanu3a Ha pa3nnyHUTe MapamMeTpu M1KOYHaTa KMCENNHA CbLLO kopenupa ¢ hopMUpaHETO Ha KOpOHapHa konaTepasnHa
umpkynaumst (SMD -0,41, 95% CI -0,74 po -0,08, p-ctoitHoct 0,01, 12 96%), LokaTo anbyMUHBLT HIMa CUMHA Kopenaums.
3akntoyeHue: COTHOLIEHMETO NMKOYHA KCENWHa/anbyMuH MOXe Aa € HOB MapameTbp 3a NPOrHo3upaHe Ha dopmupa-
HETO Ha KOpOHapHa KonaTepasnHa LMpKynaLus npy NaumeHTH Cbe CTabunHa KopoHapHa apTepuanHa 6onecr.

KntouoBu gymu:
MWKOYHA KUcenunHa

anbymuH, KopoHapHa apTepuanHa Gonect (McxemudyHa GONecT Ha CbpLEeTo), KopoHapHa KonaTepanHa LvpKynauus,

Anpec a-p ®atux ®apabu, Kategpa no kapanonorus 1 cbaosa MeauuyHa, YHueepceuteT MamxamkapaH, banayHr, HaoHesuns,

3a kopecrnioHpeHumsi:  e-mail: fatihfrbi@gmail.com

BACKGROUND

Coronary artery disease (CAD) is caused by nar-
rowing of the coronary arteries, which leads to isch-
emia. The reduced oxygen supply causes the heart
muscle to work at suboptimal levels [1, 2]. In ischemic
conditions, coronary blood vessels generate additional
blood flow to reduce ischemia, called collateral circu-
lation. Coronary collateral arteries originate from other
coronary arteries with better blood flow to help perfuse
the ischemic region of the heart [3]. The process of cor-
onary collateral formation begins with the mechanism
of fluid shear stress at the endothelial level and the
presence of ischemia-induced inflammatory factors.
Coronary collateral plays a role in maintaining myocar-
dial function, limiting infarct size, and reduced morbidi-
ty and mortality [4, 5].

Inflammation is a contributing factor to collater-
al formation. Uric acid is a parameter that has been
found to be associated with inflammatory conditions.
Serum uric acid is the end product of purine metab-
olism. Uric acid plays a role in the inflammatory pro-
cess and may impair vascular endothelial function [6,
7]. Uric acid has been associated with cardiovascular
disease and its prognosis. Hypertension, heart fail-
ure, CAD, and arrhythmias are some of the cardio-
vascular diseases associated with elevated uric acid
[8]. Meanwhile, albumin is one of the parameters in
the blood that has anti-inflammatory and protective
effects against oxidative stress [9, 10] Hypoalbu-
minemia is associated with increased mortality and
incidence of cardiovascular disease [11]. Therefore,
uric acid and albumin have opposite effects on car-
diovascular disease.

Uric acid to albumin ratio (UAR) has recently been
discovered as a novel biomarker associated with car-
diovascular disease. Higher UAR levels are associated

with increased severity in CAD patients [12, 13] How-
ever, studies investigating the relationship between
UAR and CCC formation are limited and have low
magnitude. Therefore, this study aims to determine the
relationship between UAR and CCC formation in coro-
nary artery disease patients.

METHODS

Study Design and Literature Search

This study was registered at the International Pro-
spective Register of Systematic Reviews (PROSPE-
RO) with the registration number CRD42024575003.
The literature was searched in PubMed, Medline,
SpringerLink, ScienceDirect, and Scopus for articles
published before August 2024. The search used the
keywords “acute myocardial infarction”, “uric acid”, “al-
bumin”, and “coronary collateral circulation”. The de-
tailed key words used are listed in the Table 1.

Table 1. Search keywords in the database

Database

PubMed, Medline,
ScienceDirect, Scopus

Key word

(“Coronary Artery Disease*” OR
“CAD” OR “Atheroslero*” OR
“Coronary Atherosclero*” OR “Chronic
total occlu*”) AND (“Uric Acid” OR
“Albumin” OR “Uric Acid to Albumin
Ratio” OR “Uric Acid to Albumin” OR
“Uric Acid/Albumin” OR “UAR”) AND
(“Coronary Collateral Circulation*” OR
“CCC” OR “Rentrop” OR “Coronary
Collateralization” OR “Coronary
Collateral®” OR “Collateral Index”)

(“Uric Acid to Albumin Ratio” OR “Uric
Acid to Albumin” OR “UAR”) AND
(“Coronary Collateral Circulation” OR
“CCC” OR “Rentrop” OR “Coronary
Collateralization” OR “Collateral Index”)

SpringerLink
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Eligibility Criteria

Inclusion criteria for this study were studies with
a population of patients with chronic stable coronary
artery disease with or without chronic total occlusion
who were measured for albumin and uric acid with
the outcome of coronary collateral circulation. Gly-
cated albumin and ischemia-modified albumin mea-
surements were also included in this study. Coronary
collateral circulation was assessed using the Rentrop
classification, where grades 0-1 represent poor cor-
onary collateral circulation and 2-3 represent good
coronary collateral circulation. The study designs in-
cluded in this study were cross-sectional, cohort, and
case-control. Manuscripts that are not published in
English and are not available as full papers will be
excluded from this study.

Data Extraction

Eligible studies and those included in this study
were screened by two independent reviewers, who
initially screened the abstract and title. In case of dis-
agreement between the two reviewers, the decision
was taken by a third person with higher competence in
the cardiovascular field.

Quality Assessment

Risk of bias was assessed using the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist for Analytical
Cross-Sectional Studies. This assessment was per-
formed by two independent reviewers. The parameters
assessed consisted of eight questions. The interpreta-
tion of the value is if it has a value of more than 70% is
considered low risk category, 50% - 70% is considered
moderate risk and less than 50% is considered high
risk [14].

Outcome of Interest

The primary outcome of this study is to find the
correlation between uric acid to albumin ratio to pre-
dict coronary collateral formation in patients with sta-
ble coronary artery disease. The secondary outcome
of this study is the correlation between each uric acid
and albumin on the development of coronary collateral
circulation.

Statistical Analysis

Studies that did not report UAR results as one of
the parameters but included uric acid and albumin in
their laboratory parameters, had UAR values calcu-
lated. The UAR was calculated based on the mean
standard deviation data of uric acid and albumin us-
ing the error propagation for ratio formula. When the
studies do not provide mean and standard deviation
data, it will be estimated using median and percen-

tile (first and third quartile) [15, 16]. Statistical anal-
ysis for meta-analysis using Review Manager 5.4
software to evaluate the relationship between UAR
and CCC formation using the effect measure stan-
dard mean difference. Random effect model is used
because the units of measurement for uric acid and
albumin examination are not the same between each
study. Heterogeneity is assessed using the 12 value,
which indicates that if 12 > 50% and p value < 0.1,
the heterogeneity category is high. Publication bias
was measured using funnel plots and Egger’s test
which was analyzed with IBM Corp. Released 2023.
IBM SPSS Statistics for Windows, Version 29.0.2.0
Armonk, NY: IBM Corp.

REsSULTS

A systematic search conducted in accordance with
the research method yielded a total of 772 studies af-
ter the removal of duplicate studies. After reviewing
the titles and abstracts, a total of 53 studies were ob-
tained, which were then assessed by two reviewers
to determine which studies would be included in this
review. After reviewing the full papers, 9 studies were
included in this review [17-25]. All studies included in
this research were assessed for risk of bias using JBI,
where eight of the nine studies had a low risk of bias
and one study had a moderate risk of bias (Table 2).

|' Identification of studies via databases and registers |

Records identified from*

£ Medline (n = 618) Records removed before
PubMed (n = 21) »| screening:
SpringerLink {n = 211) Duplicate records removed
i ScienceDirect (n = 64) (n=199)
Scopus (n = 37)

:

Records screened
(n=172)

Records excluded based on title
| and abstract

(n=720)

Reports sought for retrieval .| Reports not retrieved
2 (n=53) | n=1)
; l
Reports assessed for eligibility »| Reports excluded
(n=352) Did not present both uric acid
and albumin data as one of
the test parameters (n = 36)
Review articles (n = 6)
Similar population (n = 1)
-
v
™)
o Studies included in review
2| | =2
Reports of included studies
.2 {n=10)
—

Fig. 1. Diagram of systematic search process based on PRISMA
flow 2020



F. Farabi, M. N.Afi fa, P. Puspawikan, B. B. Tiksnadi

102

. . } 010
. . v19°1L 9L0g'e ) (Wit [euonoss €202
ulwn Im sjuaned
298CTF8LC (0°62) 69 194109 26 T 607°12 (8'59) 62 T 086666 ozh lwnqpy I B 18 IARS
avozie
010
) . o ) . e [euonoss z20z
(L1 es L0LFL19 12 (918) 08 Z0L %659 86|  uwnqly Lssoin| MMSWOREd| sy
avozil
uing(e 01D ynm
L'€¥182 (8'29) 62 GOLFLLS GGE L'€¥092 (£28) vL0L €O0LFL6G 8621 ek Hoyo) sjusnedul | LZ0z ‘e 38 i
pajeoA|D
avo €591
uiwn 010
ez ) e e e . ey wnge |  |euonoss 220z
60'€¥299Z| (%628) ¥8l €6'6715'8S zee ££°€¥0€°92 (%5°98) €61 0¥’ 0L FS1'6S 0.G ) pue avo .
UQNOZO SS0ID e }e oe9
syuened z6/
) . . o UINAIS | o oposs 010 020z
- (zg9)sy| 1L9LLF8Z'L9 69 - (g'92) ¥ 1911 ¥26°09 65 paijipow 5501 pue avo )
0 [e 1o usyd
ol1Wayos| syuaned gz|
010
o . - = o . - [euonoss €202
SYFELT (2°09) LLL ZLF LS €8l 0YF992 (z'29) 9g1 €L F LG zee ulwngly —ssol pue avo| .
e} |e 10 yeudo|
syuened Gl
(seyeqeIp-UOU) c_ww%mm% (seyoqelp) | (seyoqelp) (se10qEIP) sejeqelp (seyeqelp) | (seyeqelp) oL
¥'€¥8°Gz pue ’ b oue L'0L¥6°99 gLl pue | {'€F|°Gz pue ul (%9v8) ZLL| L'LLF9 Y9 pue 661 pue uiwngie|  [euoposs bUE Q¥ €10z
(se19qeIp-uou) sa10q@Ip-UOU pue (sajaqelp (sejaqelp | (sejagelp-uou) | pue sajagelp-uou | (sa8)aqgelp-uou) (se1aqelp paledA|D -SS01D swened pop ‘le 1@ uays
8'TFEGT o) o -uou) L'LL¥89 -uou) zz 0eF8 YT ut (%v28) €8 Y'0LF¥'29 -uou) 66 ’
ut (%S°Ss¥) 0L
) ) = an B : = o [euonoss | AV 8|9BIS 0202
(6'78) 64| 956 F90°€9 €6 (z'22) 0gz 1111 €809 862 uiwng|y -sso1n| suened 166 18 oBUZ
010 pue
12°€¥0292| (%6¥8) 042 L'0LF0'8S 8Le TECFETIT (%6°G8) 999 ZOL¥L'6S G/l UINaIE | [BUORISS |- iy g ened vcoe
° ° pajeoh|D -SS01D mwov ‘le 1@ BuoQ
6 d 6 d
Ing| (srew) xes aby | azis a|dweg Ing (orew) xos 90y | 9zis adues Jejoweled pous|y | uonejndod
ai Apms
ujwng|y Apmg Apmg

uoije|noud [eld)e||0d A1euoiod Jood

uoie|nNo11d |e1d)e||0d A1euoiod poon

MaIABI SIY} Ul papn|oul Apnjs 8y} Jo onsLIg)oeIRYD duldseq g a|qel




Uric acid/albumin ratio as a novel biomarker for predicting... 103

Baseline Characteristics Primary Outcome: Uric Acid to Albumin
Ratio and Coronary Collateral Circulation

The total population in these studies was 5290 sub- .
Formation

jects, including 3744 subjects with good coronary col-
lateral circulation and 1546 subjects with poor coronary
circulation. Four of the nine studies assessed albumin

The uric acid/albumin ratio is correlated with CCC
formation, with the lower the UAR, the more likely CCC
formation will occur (SMD -0.31, 95% CI -0.56 to -0.05,

parameters using glycated albumin and one study as- p-value 0.02, 12 93%). Subanalysis of UAR in the two
sessed albumin parameters using ischemic modified groups of albumin and glycated albumin examination
albumin (Table 3). showed similar results, showing that lower UAR was

Table 3. Risk of bias assessed by the Joanna Briggs Institute (JBI) Critical Appraisal Tools for use in JBI Critical
Appraisal Checklist for Analytical Cross-Sectional Studies

Authors Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 % Yes Risk
Shen et al. 2013 v v v v v v v v 100% Low
Zhao et al. 2020 v 4 v - - - v 4 62.5% Moderate
Chen et al. 2020 4 v 4 4 - - 4 4 75% Low
Liu et al. 2021 v v - 4 v v - v 75% Low
Akbuga et al. 2022 v v - v - v v v 75% Low
Gao et al. 2022 v 4 - v - v v v 75% Low
Toprak et al. 2023 v 4 v 4 - - v v 75% Low
Saylik et al. 2023 v v v v - - v v 75% Low
Dong et. Al. 2024 v v v v v v v v 100% Low

Q1. Were the criteria for inclusion in the sample clearly defined? Q2. Were the study subjects and the setting described in detail? Q3. Was
the exposure measured in a valid and reliable way? Q4. Were objective, standard criteria used for measurement of the condition? Q5. Were
confounding factors identified? Q6. Were strategies to deal with confounding factors stated? Q7. Were the outcomes measured in a valid and
reliable way? Q8. Was appropriate statistical analysis used? v: Yes; -: No.

Good CCC Poor CCC Stk Mean Difference Stel. Mean Difference
Stidy o1 Subgroup Mean S0 Tofal Mean S0 Total Weight IV, Random, 95% CI_Year IV, Ramadom, 95% C1
Shen elal. 2013 (Diabatic) 1763 6709 189 2172 65 118 102% -054 FOFT,-0.21] 2013 —
Shen et al. 2013 (Mor-Diabetic) 18315 6881 5 141 46 12 81% 012 F0.58,0.34] 2013 s
Zhao gtal, 2020 TAFT 23662 298 TOTE 1977 93 102% 017 F0.06,0.41) 2020 i
Chenetal. 2020 5634 17578 59 G094 1ETE B 4% -0.25 (060, 0,10) 2020 T
Gaoetal 2021 24323 8062 S5T0 240 8815 II2 10T% 0.02 014,047 2071 -
Liwetal 201 2407 T2 1288 2323 6751 355 109% 0.12[0000,0.24) 2021 -
Akbuga el al 2022 1.8788 05622 88 22903 07776 T4 9E% +0.62 F0.93,-0.31) 2027 I
Toprak el al. 2023 14 DE4 2327 15943 07543 183 105% 0,28 F0.47,-0.09] 2023 -
Saylk etal, 2023 1023 02551 120 16235 04896 92  96% 159 F1.91,-1.28) 2023 —
Dong ef al. 2024 3Ma TrSOTPS 445 8EB33 M8 108% -0.09 F0.22,0,04) 2024 |
Total (95% CI) ErfE 1546 10000% -0.31 [-0.56, -0.05] ‘
Heterogeneity, Tau™= 0,15, Chi"= 136.36, df= 9 (P = 0.00001), = 93% ) :| H T

Tesifor overall effect Z= 2.38 (P = 0.02) Lower AR Highar UAR

Fig. 2. Forest plot meta-analysis on the association between uric acid to albumin ratio and coronary collateral circulation formation

Good COC Poor CCC Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean S0 Total  Mean S0 Total Weight I, Random, 95% Cl Year I, Random, 95% C1
1.2.1 UAR with Albumin

Zhao et al. 2020 TATT 23662 298 TOTA 1977 93 11.3% 017 0.0, 0.41) 2020 T
Akbuga etal 2022 18788 05622 98 22003 07776 74 106%  -062F0.93,-0.31) 2022 —

Saylik et al. 2023 1.023 02551 120 16235 04896 92 106%  -1.50[1.91,-1.28 2023 4

Toprak etal. 2023 14 D6E 237 15943 D7FS43 183 116%  -0.2B[04T7,-0.09 2023 —

Subtotal (95% Cl) 748 447 44.0% 057 [-1.24, 0,10] — e ———

Heterogeneity, Tau®= 0.45; Chi*= 83.03, df = 3 (P < 0.00001); = 95%
Test far averall efect = 1.68 (P = 0.09)

1.2.2 UAR with Ghycated Albumin

Shen el al. 2013 {Diabetic) 1763 6709 189 N2 BS 118 11.3% -0.54 FO.F7 -0.31) 2013 e —

Shen el al 2013 Mon-Diabeticy 18315 6891 95 191 46 22 90% 012058034 2013 —_— T
Gao etal 2021 2423 BOE2 S5T0 M1 BEIS 222 118% 0.02}014,047] 201 -
Liu etal 2021 24,07 7.2 1798 2323 G791 395 120% 0.120.00,0.24] 2021 ~
Dong et al. 2024 374 779 TS 45 BEIZ M9 110% 0,09 0.22,0.04] 2024 =T
Subtotal (95% CI) 2937 1035 56.0% 0011 [-0.31, 0.09) g

Heterageneity. Tau™= 0U04; Chi*= 2562, df= 4 (P = D00D1). = 85%
Testfor overall effect 2= 1.04 (P = 0.30)

Tatal {95% CIj 3685 1477 100.0%  -0.31[-0.58, -0.04] R o
Heterogeneity: Tau®™= 015, Chi*=135.91, di= 8 (F = 0.00001); F= 04% R s o5 H
Testfor averall effect Z= 2.27 (P = 0.02) Lowsr UAR  Higher AR
Testfor subaroup diferences: Chf=1.71, di=1 (P =018, F= 41.5%

Fig. 3. Subanalysis of UAR based on albumin and glycated albumin examination parameters
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more likely to result in CCC formation, but both groups has no strong correlation. However, when subanalysis
were not statistically significant. is performed based on albumin and glycated albumin
. . . parameters, both are correlated with CCC formation,

Secondary Outcome: Uric Acid and Albumin but with opposite results. There were four studies for
Levels to Coronary Collateral Circulation each parameter. Higher albumin increased the likeli-
Formation hood of CCC (SMD 0.22, 95% CI 0.10 to 0.34, p-value

In the analysis of the different parameters, uric acid 0.0004, 12 0%), while lower glycated albumin increased

is also correlated with CCC formation (SMD -0.41, 95% the likelihood of CCC (SMD -0.24, 95% CI -0.35 to
CI -0.74 to -0.08, p-value 0.01, 12 96%), while albumin -0.14, p-value <0.001, 12 48%).

Good COC Poor CCC St Mean Difference Std, Mean Difference
Study or Subgroup Mean SD_Total _ Mean SD_Total Weight IV, Random, 95% C1_Year I, Random, 95% CI
Shen gl al, 2013 (Diabebc) 3297 TR4 199 3533 @46 118 102% 029 0.52,-0.0F] 2013 —
Shen et al. 2013 (Non-Diabetic) 337 83T 85 3545 504 22 88% 0221068028 2013 —
Zhao et al, 2020 3064 7724 298 28188 6655 93 101% 0.32(0.08,0.56 2020 —_
Chen et al 2020 7361 11165 59 368TE 10856 69 95% 0.04F0.30,0.39 2020 b
Gao etal 2021 35698 9579 ST0 36856 966 222 104%  -012}0.28,003] 2021 —
Liu et al, 2021 356.5825 999077 1299 3635487 798681 355 106%  -0.0800.20,004] 2021 —
AkbuGa e 4l 2022 6.2 16 93 71 18 74 98%  -053F084,-027 2022 —_—
Saylik el al. 2023 422 135 120 658 176 92  9&%  -153}18312Y a0 ———
Toprak et al. 2023 4.33 092 232 5.58 068 183 102% =152 F1.74,-1.30] 2023 —
Dong et al 2024 4857 9332 775 301 9756 38 105%  -022p0.35-0.08] 2024 -_
Total (95% CI) EHIT] 1546 1000% 041 [0.74, -0.08) -
Heterogeneity: Tau® = .26, Chi'= 231 63, df= 9 (F < 0.00001); F = 96% 1 ¢ 1 ;

Testfor overall effect 2= 245 (P = 0.01) Lower Unic Acld Levels  Higher Uric Acld Levels

Fig. 4. Forest plot meta-analysis on the association between uric acid and coronary collateral circulation formation

Gond CCC Paor CCC Still Mean Differamnce Std. Mean Difference
Sty or Subgroup Mean S0 Todal Maan S0 Tolal Weight IV, Random, 5% C1  Year IV, Random, 95% C1
Shenetal 2013 (Diabetic) 187 56 199 2.2 65 118 10.3% <042 FOUGS, -0.15] 2013 ——
Shen et al 2013 (Mon-Diabetic) 18.4 52 a5 181 46 S ] -014 FOGD, 0.33] 203 e E—
Inao et al. 2020 40.94 TA2 68 3982 0 594 3 1003% 015 F0.08, 0.38] 2020 i
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Fig. 5. Forest plot meta-analysis on the association between albumin and coronary collateral circulation formation

Good CCC Poor CCC Sti. Mean Difference Sid. Mean Difference
Study or Subgroup Mean  SD Total  Mean  SD Total Weight IV, Random, 85% Cl IV, Random, 85% 1
3.2.1 Albumin
Abbuga etal 2022 33 05 98 1107 T4 96% 0.34 [0.03, 0.64] —_—
Sayhk et al 2022 42211 05553 120 41175 05272 92 103% 0.19 }0.08, 0.46] —
Toprak e al. 2023 38 18 132 35 16 183 119% 0.23 0,04, 0.43] —
Thao et al. 2020 4084 TE2 298 3082 584 93 111% 0.15 }0.08, 0.38] ——
Subiotal (95% CI) 748 442 43.0% 0.22[0.10, 0.34] ==

Heterogeneity, Tau®= 0.00; Chi®= 0.95, df= 3 (P = 0813 F= 0%
Testfor overall effect 2= 3.56 (P = 0.0004)

3.2.2 Glycated Albumin

Daong el al. 2024 147413 28222 775 151362 37384 318 131% =013 F0.26,0.00] haa—
Gao et al. 2021 14.733 20985 570 152044 209774 222 12.7% <019 0,35, -0.04] —
Liu et al 2021 148151 2449 1298 156505 20774 355 133% -0.32 F0.44,-0.21] —
Shen et al. 2013 (Diabetic) 18.7 56 194 Mz 65 118 11.2% -0.42 FOGS,-019) ¥———

Shen et al. 2013 (Mon-Diabafich 168.4 52 95 181 45 12 BT% 014 FOB0, 033 *

Sublotal (95% CI) 2937 1035  57.0% -0.24 [-0.35, -0.14) ==

Heterogenaity. Tau®= 001, Chi®=7.76, df= 4 (P = 0.100; "= 48%
Testfor overall effect 2= 4.39 (P < 0.0001)

Total (95% CI) 3685 177 100.0%  0.04[0.21,0.12] ———
Hateragenaity Tau® = 0,05, Chi*= 50,34, df= & (F = 0.00001), F= 84% 5 035 S T s

Test for overall effact 2= 0.52 (P = 0.61)
Lowar Albumin  Highar Albumin
Testfor subaroup differences: Chi*= 31.22. di= 1 (F < 0.00001). P= 96 8% umin Hg !

Fig. 6. Subanalysis based on albumin and glycated albumin examination parameters
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Heterogeneity and Publication Bias

There was high heterogeneity in the primary and
secondary outcome analysis, but the heterogeneity
was not significant in the subanalysis based on albu-
min measurement type. The albumin parameters influ-
enced the heterogeneity score of the study. The funnel
plot analysis showed a symmetric picture, and the re-
sults of the Egger’s test analysis showed a p-value of
0.69, indicating that there was no significant publication
bias in this study.

Sensitivity Analysis

Sensitivity analysis was performed by eliminating stud-
ies based on the type of albumin assayed and also by elim-
inating each study to see how each study affected the re-
sults. The results of the sensitivity analysis of the exclusion
studies based on the type of albumin examined showed
results that remained consistent but were not statistically
significant (Fig. 8, 9). This indicates that it is still less robust.
However, the results of the sensitivity analysis by excluding
each study showed consistent results (Table 4).
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Table 4. Sensitivity analysis

Omitting Shen et al. 2013

Omitting Zhao et al. 2020

Omitting Chen et al. 2020

Omitting Liu et al. 2021

Omitting Gao et al. 2021

Omitting Akbuga et al. 2022

Omitting Saylik et al. 2023

Omitting Toprak et al. 2023

Omitting Dong et al. 2024

SMD (95% Cl) 2

-0.30 (-0.58 - -0.01) | 94%
-0.36 (-0.63--0.09) | 94%
-0.31(-0.58 - -0.04) | 94%
-0.36 (-0.64 - -0.08) | 93%
-0.35 (-0.64 - -0.06) | 94%
-0.27 (-0.54--0.01) | 94%
-0.16 (-0.33-0.01) | 84%
-0.31(-0.59 --0.03) | 94%
-0.34 (-0.64 - -0.03) | 94%
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DiscussION

Coronary artery disease (CAD) remains a major
global health problem. The high morbidity and mor-
tality rates of this disease require simple screening
parameters to assess future prognosis. One of the
new parameters that can assess the prognosis is
UAR. Uric acid plays a role in the inflammatory pro-
cess in the cardiovascular system, while albumin has
the opposite role as an anti-inflammatory and antiox-
idant. Uric acid can increase inflammatory responses
through the activation process of nucleotide-binding
oligomerization domain-like receptors (NLRs) [26,
27]. A study by Rugerrio et al. showed an association
between uric acid levels and increased markers of
inflammation [28]. Inflammatory conditions are close-
ly related to the incidence of cardiovascular disease
and may represent one of the parameters that predict
worse outcomes [29, 30]. Hyperuricemia may be con-
sidered a risk factor for heart failure and a parame-
ter in the prognosis of higher cardiovascular mortality
[31, 32].

Inflammation also plays a role in the pathophysiol-
ogy of CAD [33]. Inflammatory conditions are closely
related to the process of coronary collateral formation
(CCQ) in patients with CAD. Several studies have re-
ported that CCC formation is correlated with sever-
al inflammatory parameters [34, 35, 36]. In CAD pa-
tients, good CCC has the function of reducing infarct
area to preserve myocardial function [37, 38]. People
with poorer coronary collaterals also have a higher
tendency to develop acute coronary occlusion [39].
Therefore, CAD patients with good CCC formation
have a better prognosis.

This meta-analysis study showed that patients
with good CCC had lower UAR values. The study
by Toprak et al. showed similar results to this study
with an AUC value of 0.733, 95% CIl 0.685 to 0.781,
p-value < 0.01, and when compared with other in-
flammatory parameters such as C-reactive protein to
albumin ratio (CAR), neutrophil to lymphocyte ratio
(NLR), platelet to lymphocyte ratio (PLR), systemic
immune-inflammation index (SSI), and monocyte to
high-density lipoprotein cholesterol ratio (MHR), UAR
was superior to all of them. UAR was also superior to
both uric acid and albumin [24]. In the population of
CAD patients with CTO, UAR can also be used as a
parameter to detect CCC formation [22]. In the setting
of non-ST elevation myocardial infarction (NSTEMI)
cases, UAR also has the ability to predict CCC con-
ditions and is superior when compared to uric acid or
albumin separately and C-reactive protein (CRP) [40].

In addition to its association with CCC, UAR is
also a parameter for determining the severity of CAD
and NSTEMI [12, 41]. In patients who have under-
gone percutaneous coronary intervention (PCI), UAR
may predict long-term mortality and in-stent resteno-
sis [42, 43]. In the setting of ST elevation myocardial
infarction (STEMI), UAR has a role in predicting the
incidence of no-reflow and new-onset atrial fibrilla-
tion [44, 45]. The role of UAR as a novel parameter
in coronary artery disease and myocardial infarction
needs to be further explored with a larger sample
size, considering its role as a novel inflammatory
marker has been performed very well in several pre-
vious studies.

This meta-analysis study could not show the cut-off
value of UAR in predicting coronary collateral events.
This is because the included albumin parameters had
different types of testing methods. However, the study
by Saylik et al. showed a cut-off value of 1.32 to detect
poor CCC with a sensitivity of 72% and a specificity of
83%. Another study by Toprak et al. also showed a not
too different cut-off point of 1.62 with a sensitivity of
70% and a specificity of 71% [22, 24].

This study did not evaluate the relationship be-
tween poor collaterals and occurrence of ACS, so pa-
tients with good collaterals may still develop ACS, but
patients with good collaterals tend to have a higher
survival rate.

CONCLUSION

UAR could be a new parameter in predicting the
formation of CCC in patients with stable coronary ar-
tery disease, with lower UAR values indicative of good
CCC formation.

No confiict of interest was declared
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