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Abstract

Cardiac arrest is a critical clinical condition with a grave prognosis, imposing a substantial burden
on healthcare resources and society. Its underlying pathophysiology is characterized by the abrupt
cessation of cardiac pump function, leading to systemic ischemia and hypoxia, particularly in the
brain. This ischemic insult, in turn, activates a potent systemic inflammatory response that exacer-
bates organ injury. Conventional clinical parameters are often insufficient in providing a multidi-
mensional assessment that concurrently addresses both inflammatory and ischemic-hypoxic risks,
thereby limiting the identification of high-risk patients. The Hemoglobin-to-Red Cell Distribution
Width Ratio (HRR) has recently emerged as a novel and integrated biomarker capable of reflecting
systemic inflammatory activity and ischemic-hypoxic status. Although its prognostic value has been
validated in various diseases, evidence regarding its association with outcomes following In-Hospital
Cardiac Arrest (IHCA) resuscitation remains scarce. Furthermore, existing studies predominantly fo-
cus on 30-day outcomes, leaving the role of HRR in predicting short-term prognosis underexplored.
Therefore, this study aims to investigate the impact of HRR on the short-term (7-day) prognosis of
patients after cardiac arrest. Method: This study retrospectively analyzed data from adult IHCA pa-
tients who underwent successful Cardiopulmonary Resuscitation (CPR) and achieved the Return Of
Spontaneous Circulation (ROSC) at Yantai Yuhuangding Hospital between 2023 and 2025. The first
available laboratory data after ROSC was collected. The inclusion and exclusion criteria were strictly
implemented to screen eligible patients. Significant variables affecting 7-day mortality were identi-
fied using univariate and multivariable Cox regression analyses, with potential confounding factors
adjusted. Additionally, Kaplan-Meier curves combined with Log-rank test were used to further ex-
plore the impact of HRR on the short-term mortality of the patients, and the optimal cut-off value of
HRR was determined. Result: A total of 216 patients who met the inclusion and exclusion criteria
were enrolled in this study. The baseline characteristics of the patients (including age, gender, un-
derlying diseases, and cardiac arrest-related features) were collected and analyzed. Cox regression
analysis revealed that HRR (HR: 0.902, P = 0.029, 95% CI: 0.824~0.987) and other relevant factors
were associated with the short-term mortality of the patients. The optimal cut-off value of HRR was
determined to be 9.13. After adjusting for relevant confounding factors, Kaplan-Meier curves com-
bined with Log-rank test demonstrated that a decrease in HRR (HRR < 9.13) was significantly corre-
lated with an increased short-term mortality rate in the patients (P < 0.05). Conclusion: The initial
post-resuscitation HRR level (cut-off value: 9.13) was significantly associated with the short-term
prognosis of cardiac arrest patients. An HRR level lower than 9.13 indicates a significantly increased
risk of short-term mortality in patients after IHCA resuscitation. HRR, as a simple and accessible in-
tegrated biomarker, can provide valuable reference for early risk stratification and short-term prog-
nostic evaluation of patients after cardiac arrest. Limitations of this study include its retrospective
design and single-center data, which need to be verified by large-sample, multi-center prospective
studies.
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1. 5|8

CVIE BB (CAYVBE & SN IEN LIS 31 1 FE 8815 1k, 120073 BT P2 1 B 4 & I v vE 2R R R, 33k
VR AL FLIRMERN. BRI S A AT RERRAS 1] TERIAEBRMLE 7 10, (O IE SRS 5] e i) 4 & 1
S I B S T SR ST R A R A S N R I B o BRI PRV LR R, KB AIEA R (AR SR E IR a1,
HA A 2R-6 S8R, EARIBOKE R, N DR, M — S mE &S m (2] X Pk i iEEE
155 4 5 RORE R BLLFEAEAT £ SRR EE AR, fEWMEATEH R EL—. S8 EL, I
HOR M E R T 2B . XSRS 22 5 K — RV FR AR, R AR A KA TT, R
LSS R3], AR, W Martijon ESF ATEN IS0, (OIFERIEREFES T TARE
fir, HAAEREHEART 10%. O SRS 008 BVEAE KBRS B, JFR SR A4 2338 iU 2 4 5 1
[2] [4]-[6]. BAA W KUAE VbR S AT AT ME DL A TR VT A 22 45 R KU, 451 G 8 Js SR B ANk if. — SRSt 1
FEEE[7], AT BRI 1 0 e S8 S A AR AL T TR CAn B 28 96 77 BT R I (0 SR8 ) 8] DRLIE, RGBT
SiRA% HIGR B R TS A Phn &Y, 0T 068 Ko E e 5 KR 2 0 (9],

AL 218 /2120 B 53 AT B8 % LUAB (HRR)UE AR R A $8 A N — P B & AR AR 54, W7 (e I S 4
B SRR BRI - SR FAT[10]. OB AIRIE T HALZ B h TS A, 605518 14 FH 26 P4 it e
Wi~ R A AR R AR AR I DA R 2 B R ORI [8] [11] [12]. AT, H AT X T HRR 5Bt PO liE
PRAF(HCA) B3 UG KRB UEE A B, T IR O IE RS N S 2460 T 30 RTJE[13]. RE 30
RACT W H AR O BRI A0 28 i, ('S PT RETE I 58 4 I W G R I 25 1) 7 ST A R 1]
[14]. 1E IHCA B35 KRR B, FET- R A8, 2 D A4 7= s A, - SR PE i 4i 405 . eV 1%
PRE DL S IR O BT SR B AE . (AR IR, EIRERIET 7 KRR EMEE ., WS L XA e A
JT RS CEERT JA[15] [16]0 BbAh, BEAWE 2 GRS —Jabn 5 B8 TS 0O OGHE, 177 REAE R L 2P %
SRR I — R I AR A B D (i HRR) R B 5 R TS BE 3 IR oG, AR KISt T %, Ry K
FUT ] G852 J5 8290 B K A R s . Rk, AR ST B RIS HRR 5 THCA B3 7 RILT-HRZ
)R &R

2. ARTNRRFGFE
2.1. HARMNHR

AWFAFIF T 2023 4F5 2025 4 HTEME G GBS TS B A2 A2 Be N O E SR 15 (THC A) 8 I A - % T A
ARG TR NFHERRAR R R, FRATIEE T B R FME DL 2L ROSC J& B R SEIG SR A 4R Ar . 5K
56 = FEhr AR OIS & A 1(cTnl)s WENAK(BNP). ML/ MEF(Pct). JRE. C RN EH(CRP). MK
/2140 i 53 A7 55 FE LU (HRR) . ZL4HMI T 3(RBC) . HPERI4H M T3 (New). F I (Alb) Ik EL4H M T3
(Lym). . I pH 18 M FLIR -

L ImARAR R R FER . PR B SIFERBEORILE . ORVRE . BRI O )58 S ).
S AEAE ] B RGO . ViR SR (CPR)FREERF[A] (041 B EARE B E, RS RCERE >7 R
ok 7 RINFETD), FrA B IKHE Utstein 55 48 rg 24T ICE[17] [18].
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2.2. SRR

BT NFRIE N KB N O IFERIF(IHCA) JF 2 O 7R (CPRI &3, File>18 %, HAAF
SERE NGRS S0 2 0 s HERRAR AL B AR BRI A S 3 O ISR (n = 34) DAL, 2 e S5 2R IR
i 3 B O E RS (n = 12) DA B MR R G50 B % RGN (n=11). IRIAINSRAE, Hik
46 273 Bl O T IREE B, HEBRATF S AR JG AN 216 B BERETE W N “A4F >7 RA” (n
=56)F1 “7 RHNIETAH” (n=156) (LIE 1). HTHEFCARIBUER T, —SARSErEsRidE, Hshisk
FART 10% 1738 &R H P FISSMEFEAT AR, SR 3R 200 1748 & Bk HERRAE 704 2 4b

Patients dignosed with CA
N=273

Excluede:

@Cardiac arrest caused by trauma(N=34)
(@Cardic arrest induced by end-stage
diseases(N=12)

(@Patients with a history of hematological
diseases or immune system diseases(N=11)

Patients included in the study
N=216

Non-survival within
7days Group
(N=160)

5| Survival to 7 days or
more Group (N=56)

n

Figure 1. Data inclusion criteria for patients with cardiac arrest

1. DBERHME B E RN T

2.3. HiiEabE

Hed 3\ Microsoft Excel 2021 HHATEEE, FHH R Gt BE(BRA 4.4. )47 0. HEEEABERIE S
FfE R, IEAAAEHE LIIMME + FREZE(mean+ SD)RIR, JERAMIIEEA t I HLE, AFIE&A AR
Ko LA A7 B0 (00 oA £ 1 PR [M(Q1, Q3)13 /s, FRFH Mann-Whitney A6 56 HL#E[19]. 432848 & DIATALAN
B n (%)) Ew, R 2RI . fHH Cox H XU 1= (5 DR 38 A0 2[R 20) VPAG I 21 25 (/4T 40 i 43
A 55 B HOAE (HRR) 5 O JIF B 452 £ 35 T FR DG IR (P < 0.05 TR B35, IEAE 2 BIZE Cox [al AR o [ A5 &
(% EILLNE, THE TN Z KR T(VIF), 8% VIF > 5 RpRFE7E Bk, Jamnit
FAER VIFENT 1.0 2 1.4, RP\ZHILEHEXN 2 2mA K. A Schoenfeld 7% % F1 cox.zph Bi%L
PEA LA RUAR B, B AN TRON AR BT T RS 5G, HEEAT 7 BRI Y (Y A SRR 56 . 5 S == 1) p {5 > 0.05,
B %A B A2 L AU B s 45 p<0.05, IiE— 202 b vl B A 1 i S A 5L o T 90 0 ) oA A A A
BET) AN A I 2 o A2 47 22 % B Kaplan-Meier VEA5 112071, KU BRI 2534l ] Cox EL A8 XU AR Y
P 713507 FE M R B4 - Kaplan-Meier #126H T4k HRR X} 7 RAAEZR A M[21]. HRR R
WiE @ L survival £ surv_cutpoint BRI E, ZAIERT R EREIX 4 7 RACT: B E A A7 45 =
Mo HRR M TH5E 2 30 I 2188 R BE B L2140 M 5347 B2 FE(RDW, %), 8 A AR S5 18 S =
MEE . FERA M, HRR B/E N RN BT,

3. &R
3.1. EE&EBUE
AWFFRILAIN 216 B0 BE (G 1. H, 160 6185 (74%)EAER 7 KNFET-(AEFIEH), 56
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Bl (26%)FTE =7 ROAFIEZ). AEA7 5 4 5P L1 55 51 (65.8%) HH LU AF VG 2H.(51.4%) o AEA735 4 A A A0
HALECA 77.00 (73.00~81.00)% , B & TAAE 2T 73.00 (69.00~77.00) % o MR 50 7E A7 40 58 0 AL
(50.5%), TMAFIHHLN 25. 7% FHILZ T, AT OHEAATE A 5 94.3%, 23 5 T AEfEIE 41 36.9%.
TER T AHICABAR T, BTG Aol B 55 FR AL RE SRR [R]85, A 16.00 (12.00~21.00) 78, TiA73G 4
7.00 (5.00~10.00)73 8. At JEAATEALAE CPR WA A IS _EARE A7 & 5.00 (3.00~8.00), &1
TENAL) 3.00 (2.00~5.00). #¢Jo, HRR fEAFIEZH R, N 9.96 (8.98~10.94), TMAE/FiEL4LN 6.79

(6.16~7.42).

Table 1. Baseline characteristics of the study group

1. FREELRIFE

Characteristic All patients (n=216) Death (n = 160) Survival (n = 56) P value®
Sex (male), n (%) 133 (61.5) 105 (65.8) 28 (51.4) 0.045"
Age (years), median (IQR) 75. 00 (71.00~79.00) 77.00 (73.00~81.00) 73.00 (69.00~77.00)  0.039"
Smoking, n (%) 95 (43.9) 81 (50.5) 14 (25.7) 0.042"
Hypertension, n (%) 104 (48.1) 73 (45.9) 31 (56.2) 0.171
Arrhythmia, n (%) 94 (43.5) 74 (46.2) 20 (35.7) 0.225
Diabetes, n (%) 93 (43.0) 73 (45.9) 20 (35.2) 0.144
Heart failure, n (%) 100 (46.3) 75 (46.9) 25 (44.6) 0.894
Stroke, n (%) 78 (36.1) 53(33.3) 25 (45.7) 0.085
ICU admission (%) 156 (72.2) 120 (74.8) 36 (64.8) 0.146
Shockable rhythm (%) 113 (52.3) 60 (36.9) 53(94.3) 0.023"
CPR duration, min, median (IQR)  13.00 (9.00~18.00) 16.00 (12.00~21.00) 7.00 (5.00~10.00) 0.036"
AD (mg), median (IQR) 5.00 (3.00~8.00) 8.00 (6.00~10.00) 3.00 (2.00~5.00) 0.034"

cTnl (pg/ml), median (IQR) 66.21 (28.43~102

34) 9321 (45.61~138.49)
BNP (pg/ml), median (IQR) ~ 274.58 (210.31~356.82)

Pt (ng/L), median (IQR) 0.53 (0.30~0.82) 0.51 (0.28~0.75)
UREA (mmol/L), median (IQR) 5.98 (4.91~7.30) 6.60 (5.32~8.21)
CREA (umol/L) 63.21+10.79 68.09 + 14.78
Alb (g/L) 39.19 +3.27 38.13+2.13
CRP (mg/L), median (IQR) 9.50 (5.21~14.61) 13.50 (8.41~18.71)
HRR median (IQR) 9.10 (8.56~9.64) 6.79 (6.16~7.42)
RBC (g/L) 3.98 +0.45 3.96 +0.98
Neu (10%/L) 7344221 7.60 £2.30
Lym (10%L) 1.36 £ 0.61 1.61 £0.51
K (mmol/L) 5.10+0.45 521+ 1.26
pH median (IQR) 7.33 (7.28~7.39) 7.19 (7.16~7.22)
Lac (mmol/L), median (IQR) 2.20 (1.51~3.19) 2.85 (2.08~3.89)

4.01 £1.01
7.33+1.51
1.05+£0.46
4.10 £ 1.56

7.32(7.28~7.36)
2.25 (1.59~3.02)

30.2 (18.94~45.36) 0.081
334.75 (260.41~412.71)  388.05 (320.21~455.61)  0.501

0.56 (0.34~0.90) 0.221
5.46 (4.43~6.32) 0.127
50.87+£9.81 0.254
40.05 +1.87 0.059

10.64 (6.18~15.23) 0.582
9.96 (8.98~10.94) 0.019"

0.809
0.107
0.568
0.229
0.054
0.012°

FETCH SAEEANT L AD: B EREAE; Lym: WHEME; Neu: Hk4iH; HRR: MZAHEAYS RDW HLiHE;
PCT: FF45EE; K: #ET; Lac: AEE; Alb: HEH.
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3.2. Cox EIV AR

FEXS FIREHR AT LR Cox BIASTECE 2), BATKIAE TAE S OIERIFEER 7 RILTHE
SEME, BEMER (T ) (P=0.041, HR = 1.642, 95% CI = 1.192~2.273). "] BB EZH0E(P =0.037, HR =
0.821, 95% CI = 0.887~0.981). & _FiRZEF|E(AD) (P =0.028, HR = 1.053, 95% CI = 1.022~1.113). 415
/2140 43 A7 55 EL{E(HRR) (P = 0.029, HR = 0.861, 95% CI = 0.825~0.898) L X ALEL(LAC) (P = 0.026,
HR = 0.882, 95% CI = 0.851~0.939). fEZ K2 Cox RIS HTH(F 3), MERI(H 1) (P =0.035, HR = 1.718,

Table 2. Univariate cox regression analysis of 7-day mortality after cardiac arrest

2. LIEBRFRE 7T RETERMBRR Cox @YASHH

Variable B HR 95% CI P value”
Age 0.071 1.073 1.002~1.149 0.567
Sex (Male) 0.497 1.642 1.192~2.273 0.041"
Shockable rhythm —0.197 0.821 0.887~0.981 0.037"
AD 0.051 1.053 1.022~1.113 0.028"
BNP —-0.132 0.876 0.813~0.944 0.796
Pct —0.053 0.948 0.894~1.102 0.075
UREA —0.009 0.991 0.971~1.019 0.359
CRP —0.003 0.997 0.989~1.006 0.705
HRR —0.150 0.861 0.825~0.898 0.029"
RBC 0.033 1.033 0.887~1.213 0.668
Neu —0.042 0.958 0.934~1.021 0.102
Alb —-0.016 0.984 0.986~0.997 0.054
Lym 0.017 1.017 0.999~1.036 0.741
K 0.126 1.134 0.859~1.553 0.375
Lac —0.126 0.882 0.851~0.939 0.026"
pH —0.236 0.790 0.893~0.997 0.053

HSERHZ AR G S5 5. Cl: BEXE; HR: XEH; AD: B EIRERIE; Lym: #E40
f; Neu: HiERIZHM; HRR: I3 A5 RDW Hfl; PCT: MA5&RE; K: #ET; Lac: AFE; Alb: HEA:
K: #1571,

Table 3. Multivariate cox regression analysis of 7-day mortality after cardiac arrest

3. DBREBRMERE 7 RFETERNZEE Cox BIVASNH

Variable coef HR 95% CI P value”
Age —0.002 0.998 0.963~1.024 0.864
Sex (Male) 0.545 1.718 1.159~2.403 0.035*
HRR —0.120 0.887 0.882~0.960 0.005"
Lac —0.118 0.888 0.869~0.945 0.029"
AD 0.033 1.034 0.977~1.094 0.247
Shockable rhythm —0.650 0.522 0.350~0.787 0.001"
BET-AL S AL 1A 0 H AT G B CUABEXNE: HR AR AD AW LR %A HRR NI
H 5 RDW LUfH.
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95% CI = 1.159~2.403). HRR (P = 0.005, HR = 0.887, 95% CI = 0.882~0.960). FLER(P = 0.029, HR = 0.888,
95% CI = 0.869~0.945) LA K v] B & 0 (P = 0.001, HR = 0.522, 95% CI = 0.350~0.787){/55 7 RILT-HK &
FM, T8 _ERRZEFEAD) (P > 0.05, HR = 1.034, 95% CI = 0.977~1.094)F14E# (P > 0.05, HR = 1.073,
95% CI = 1.002~1.149) R W 5 35 SCHk . 2 R R BA b %48 B 1) 77 Z K IR 1 (VIF)Ya [ 5 1.01~1.41 (HRR:
1.028, LAC: 1.413, 4E#: 1.091, TE5Hl: 1.326, AD: 1.223), $#R-2 HEILLLMEIR /N, FAE TER K
FasE AN A SEVE . 8 Schoenfeld Fk ZE e 5 LU A XU BCA A B,  HRR BB BAHE (P =0.01), $7 Hoxf
AEAE IR O] BERE R (8] 281k, (HE R FLIRPR E 2, O REEER A A B (LR 8. M5, AD)
it SR, HA R P=0.126 22 B %44 L 45 XU B3 T

3.3. &S

AHERILGIN 216 Fl 3, Hd 160 B1(74%)E 7 REEVF IR ZET:, 56 Bl(26%)1FiE > 7 K. X
Lo HE B 90\ Kaplan-Meier 2E47 70 #T. 18I/ 2 Kaplan-Meier 4247 #h 2k LU AN [F] 43 40 16 A2 A7 2R Tl
BE 71, KM log-rank £ 38 h F Bt i iE IR A4 R 2 7. W PAE < 0.05 BN EA
GuitEm X, R\HEAZ RN AEFRAEREER B AR B H R Z KR Cox HIHHT R,
HRR & 0 IF 35 B3 7 RAEBIET- IR IR &R . Ak, 24 T Kaplan-Meier 4= 17 #h 2% (14 2)ik— 2
T HRR BTG A1, 45 5 EoR, HRR S41(>9.13) 5R4L(<9.13) B fE Wb WA E R EFEES T

FREER
7-Day Mark Median Survival Time HRR=high HRR=low
1.00
0.751
2
3
©
LQ
[<
S 0.501
©
2
=
3
@
0.251
p <0.0001 7 Days
0.001
0 5 10 15 20 25
Time (d)
Number at risk
g HRR=high{ 110 89 73 37 16 2
% HRR=low{ 106 41 24 9 2 ]
0 5 10 15 20 25
Time (d)

Figure 2. Kaplan-Meier Survival Curve for HRR-High versus HRR-Low Groups. The HRR-High group included patients with
a HRR > 9.13, while the HRR-Low group included patients with a HRR <9.13 HRR: hemoglobin-to-RDW ratio. Shaded areas
represent 95% confidence. The grey line marking the median survival time intervals. The lightblue line indicates the 7-day
survival rate for the two groups

2. HRR S¢E51%4ERY Kaplan-Meier £ 7FHRZ. HRR S4EEHE HRR > 9.13 U8 &, HRR {REEHE HRR <9.13 f
B¥E. HRR: MAEBH/IHERSHERELE. BRXERT 5% EREXE, REELFRPUEFNE, XEEh
SARRFER T REFR
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TAVLH] T O NE IR B = RO T SO AR AR ROC #IZR(14 3), T LU 5 s —FRbr i il
WfeSs. 2R E/R, HRR (ML /2040050 A5 %6 FE LB ROC 28R I, AUC 4 0.833. FALIRH
ROC &k, AUC K 0.728, tHBA —E KTl §E /7. 1 C Je N H(CRP)F AUC 4 0.538, #if 0.5,
R SRR PR E AR . XPERENIRIR IS B, HRR 7 A8 LA 4t 2 REFR AR (41 CRP) & &
VB JIE BB R TR VP A T AL

ROC %
=7 g
© |
o
o |
o
M
#
=
e
< |
o
o~
o
—— HRR ROCHli% (AUC=0.833)
—— Lac ROCHli% (AUC=0.728)
S CRP ROCIli: (AUC=0.538)
| I I I | [
0.0 0.2 0.4 0.6 0.8 1.0
Bz

Figure 3. ROC curve plot of HRR versus other single indicators
B 3. HRR S5 HE fth 82 —$5#5 ROC BhZk[El

4. 7ig

30 [ 5 o JUE 42 (THC A A2 5 2835 BB 9 o, AT 2 900 0 40 288 10 /40 00 B 3 A 5 P LU AR
(HRR)'5 7 FFET- 36 S0 . FLAART 5, HRR M6 11 5 76 5 955 140 5L S B B0 1 IR\ S5 25 344
XHE7~ HRR Al RefE N —ANET . 53k H B IR E SRR AR 7 B4R E[22]. 78 DAMEET O EER
15 A W IR S FR AR TR, 2300 A ST 2L A0 73 A7 B2 P (RDW)IX — B — 24, i R K
(K45 JRAEHR, B 30 KT Rk B I FIBET- 2 [23] [24]. 4R RDW O W1 54 BTG M, (HilT
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