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[Abstract] Objective To evaluate the relationship between hemoglobin-to-red blood cell
distribution width ratio (HRR) and all-cause mortality in patients with myocardial infarction (MI).
Methods Based on data of the National Health and Nutrition Examination Survey (NHANES)
from 1999 to 2018, MI patients were screened and divided into Q1 to Q4 groups according to the
quartile of HRR. Schoenfeld residual method was used to test the proportional hazards assumption.
A three-level weighted Cox proportional hazards model was constructed, including unadjusted,
demographic-adjusted variables and adjusted full covariates. The association between HRR and all-

cause mortality was analyzed and subgroup analyses were performed. Restricted cubic spline (RCS)
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regression was used to verify the nonlinear relationship between the two, and Kaplan-Meier (K-M) curves were

used to compare the survival differences of different HRR groups. Results A total of 2,188 patients with MI

were enrolled. Cox regression analysis showed that high HRR level was still significantly correlated with low all-

cause mortality risk after adjusting for all covariates. Compared with group Q1, the adjusted hazard ratios (HR)
of groups Q2, Q3 and Q4 were 0.69 [95%CI (0.53, 0.88)], 0.56 [95%CI (0.44, 0.70)] and 0.37 [95%CI (0.28, 0.50)],
respectively. RCS analysis showed no nonlinear correlation between HRR and all-cause mortality (nonlinear P=

0.834). K-M analysis showed that the survival rate of patients with higher HRR levels was higher (P < 0.001).

Subgroup analysis showed that drinking status changed the association between HRR and mortality (interaction

P=0.025). Conclusion In adult patients with MI, high HRR levels are significantly associated with low all-cause

mortality, and the association varies with drinking status.

[Keywords]) Myocardial infarction; Hemoglobin-to-red blood cell distribution width ratio; Subgroup

analysis; NHANES
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Table 1. Comparison of baseline characteristics among Ml patients with different HRR levels (n, %)

SR HRR 7341
REAIE F/HAH PAE
(n=2188) Q1 (n=547) Q2 (n=547) Q3 (n=550) Q4 (n=544)
REpsE e () 80.0 49.00 66.2 79.0 122.0 161.088 <0.001
(39.0, 135.0)  (25.0, 91.0) (34.0, 114.8)  (41.0, 129.0) (784, 175.7)
AR (%) 66.324 <0.001
<60 500 (31.5) 85 (20.6) 105 (26.8) 136 (32.2) 174 (42.5)
> 60 1688 (68.5) 462 (79.4) 442 (73.2) 414 (67.8) 370 (57.5)
PE 238.250 <0.001
PEcs 1449 (63.4) 276 (43.5) 321 (51.2) 388 (66.1) 464 (84.9)
Lotk 739 (36.6) 271 (56.5) 226 (48.8) 162 (33.9) 80 (15.1)
Tl 92915 <0.001
BT EEA 1306 (77.9) 272 (70.7) 305 (74.7) 355 (80.4) 374 (83.5)
EVEHEFERA 384 (9.2) 176 (19.6) 101 (10.1) 64 (5.7) 43 (4.3)
FAl 498 (12.8) 99 (9.7) 141 (15.2) 131 (13.9) 127 (12.3)
ZHETE 18.082 0.106
EPLLR 804 (27.8) 220 (34.5) 205 (27.4) 184 (24.6) 195 (26.2)
mkEISE2E Y 539 (28.3) 132 (27.5) 143 (30.5) 131 (28.4) 133 (27.2)
LA 845 (43.9) 195 (38.0) 199 (42.1) 235 (47.0) 216 (46.7)
PIR 71.812 <0.001
<13 860 (29.3) 237 (36.4) 243 (35.7) 182 (21.9) 198 (25.9)
>1.3~35 863 (39.7) 222 (40.9) 207 (40.5) 236 (43.8) 198 (34.4)
>35 465 (31.0) 88 (22.6) 97 (23.8) 132 (34.3) 148 (39.7)
WS AR T 116.242 <0.001
OIS HBRE 1241 (61.1) 253 (48.9) 270 (50.9) 353 (68.8) 365 (70.9)
LRIy 821 (33.5) 259 (45.6) 244 (43.8) 177 (28.2) 141 (21.4)
ES 126 (5.4) 35 (54) 33 (5.3) 20 (3.0) 38 (7.7)
BMI (kg/m®) 9.807 0.455
<25 510 (21.7) 124 (22.6) 134 (25.5) 131 (19.7) 121 (20.0)
25~ <30 726 (33.0) 174 (33.2) 178 (30.5) 177 (31.9) 197 (35.9)
=30 952 (45.3) 249 (44.3) 235 (44.1) 242 (48.4) 226 (44.1)
W AR L 15.584 0.034
PN T 1694 (75.6) 448 (79.8) 434 (77.7) 426 (76.4) 386 (70.3)
WA 494 (24.4) 99 (20.2) 113 (22.3) 124 (23.6) 158 (29.7)
AR 63.296 <0.001
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FRAE 5t HRR 21 F/HACE Pl
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B 1563 (68.7) 447 (80.0) 391 (70.4) 384 (68.4) 341 (59.5)
7 625 (31.3) 100 (20.0) 156 (29.6) 166 (31.6) 203 (40.5)
TC (mg/dL) * 182.3 + 45.4 174.1 + 45.7 181.3 +43.0 181.2+459 1902 +45.5 19.401 <0.001
UA (mg/dL) * 6.0+ 1.6 6.3+2.0 59+1.7 59+16 6.0+ 1.4 3.187 0.013
Ser (mg/dL) * 1.1£06 1.4+1.0 1.0+04 1.0+03 1.0+0.3 48312 <0.001
HAERDS 39.860 <0.001
I 1140 (57.9) 237 (46.8) 297 (55.0) 295 (62.8) 311 (63.7)
BET 1048 (42.1) 310 (53.2) 250 (45.0) 255 (37.2) 233 (36.3)
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itk IGUF AT 25 R A R da e, ST
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0.001], VUK AE T ZAEAI P oM 4L 7T 25 259

%2 Cox[EA#RE f HRR 5 £ F LT R Z i8] #y LBk
Table 2. Association between HRR and all-cause mortality in Cox regression models

Pxil R 1 B2 i 3
HRA{H (95% CI) PIH HRA{H (95% CI) P HRA{H (95% CI) P
HRR K- 0.08 (0.05, 0.12) <0.001 0.08 (0.05, 0.13) <0.001 0.11 (0.06, 0.18) <0.001
HRR 7341
Q1 Ref. Ref. Ref.
Q2 0.65 (0.51, 0.83) <0.001 0.64 (0.51, 0.82) <0.001 0.69 (0.53, 0.88) 0.003
Q3 0.47 (0.38, 0.59) <0.001 0.49 (0.39, 0.61) <0.001 0.56 (0.44, 0.70) <0.001
Q4 0.30 (0.23, 0.39) <0.001 0.32 (0.25, 0.42) <0.001 0.37 (0.28, 0.50) <0.001
s Py <0.001 <0.001 <0.001
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Figure 1. Association between HRR and all-cause
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Figure 2. K—M survival curves for different
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mortality in the RCS regression model

Ee AR T il BAL Ak, A KF. PIR, SRR,
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Table 3. Subgroup analysis of association between HRR and all-cause mortality

RHIE BEAE () FETHAE GET%E, %) HR{E (95%CI) PAE Pl (3ZHAEH)

R (%) 0.331
<60 500 105 (21.0) 0.20 (0.05, 0.78) 0.020
> 60 1688 943 (55.9) 0.09 (0.05, 0.15) <0.001

P 0.268
P e 1449 711 (49.1) 0.09 (0.05, 0.16) <0.001
Ergds 739 337 (45.6) 0.16 (0.07, 0.38) <0.001

Tl 0.344
PP E A 1306 711 (54.4) 0.11 (0.06, 0.20) <0.001
PP E R 384 162 (42.2) 0.11 (0.03, 0.37) <0.001
HAb PR 498 175 (35.1) 0.05 (0.02, 0.13) <0.001

BMI (kg/m®) 0.540
<25 510 282 (55.3) 0.07 (0.03, 0.17) <0.001
25~ <30 726 358 (49.3) 0.13 (0.06, 0.31) <0.001
> 30 952 408 (42.9) 0.12 (0.06, 0.25) <0.001

AR 0.265
AN S 1694 840 (49.6) 0.09 (0.05, 0.16) <0.001
WA 494 208 (42.1) 0.17 (0.06, 0.45) <0.001

PRI 0.025
AR 1156 635 (54.9) 0.07 (0.03, 0.13) <0.001
el 1032 413 (40.0) 0.21 (0.09, 0.46) <0.001

Wb 0.171
2 721 365 (50.6) 0.17 (0.07, 0.39) <0.001
7 1467 683 (46.6) 0.08 (0.05, 0.15) <0.001

e I 0.517
2 1563 761 (48.7) 0.12 (0.06, 0.22) <0.001
7 625 287 (45.9) 0.08 (0.03, 0.20) <0.001

E AR MR APk, KB K. PIR. H5RARIL, BMI, BIRARIL, ARIERIL, MEARR. FafeE, TC. UAAeScribAT T A%,
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