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[ Abstract ]| Objective To explore the relationships between systemic immune-inflammation response index (SIIRI)
and the severity of coronary artery stenosis and long-term major adverse cardiovascular events (MACESs) in patients with
coronary heart disease (CHD). Methods A total of 545 patients admitted to No. 904 Hospital of Joint Logistics Support
Force of PLA due to chest pain and underwent coronary angiography from Dec. 2020 to Dec. 2021 were retrospectively

[FsAHEA] 2023-06-27 [#=ZH#] 2023-11-09

[E€mB] 1A DAMRNZ 28 KIS ZD2021020 ). Supported by Major Project of Jiangsu Commission of Health (ZD2021020).
[1EE®/] 5K, Mi+-/f . E-mail: wangzhangyu0227@163.com

" {5 E# ( Corresponding author ). Tel: 0510-85142646, E-mail: zonggj@163.com



e 478 - WEEERFHR 2024 4E 4 H, 545 %

enrolled. According to the results of coronary angiography, the patients were divided into CHD group (2=435) and non-CHD
group (n=110). According to the Gensini score, the CHD patients were divided into severe coronary artery stenosis group (Gensini
score=30, n=272) and mild coronary artery stenosis group (Gensini score 1-<<30, n=163). The SIIRI calculation formula was:
SIIRI=neutrophil count X monocyte count X platelet count—-lymphocyte count. The CHD patients were followed up for 1 year
and 216 patients were successfully followed up. Based on the follow-up results, the 216 patients were divided into MACE group
(n=77) and non-MACE group (n=139). Logistic regression model was used to analyze the independent predictors of CHD
and severe coronary artery stenosis. Cox proportional hazard regression model was used to analyze the independent risk factors
of MACE:s in CHD patients after percutaneous coronary intervention (PCI). Receiver operating characteristic curve was used to
analyze the predictive value of SIIRI for severe coronary artery stenosis and MACEs. Results  The SIIRI of the CHD group was
significantly higher than that of the non-CHD group (305.19< 10" [170.98 X 10"*, 550.76 X 10"*]/L* vs 121.25X10"[91.17 X 10",
194.41 X 10" ]/L?, P<<0.001). The ability to predict CHD was the strongest when the SIIRI cutoff value was 251.02X 10'%/L?,
with a sensitivity of 58.9% and a specificity of 90.9%. The SIIRI of the severe coronary artery stenosis group was significantly
higher than that of the mild coronary artery stenosis group (420.75X 10" [238.76X10", 810.13 X 10" J/L* vs 185.41X10"
[127.39X 10", 294.07X 10" ]/L?, P<<0.001). When the SIIRI cutoff value was 304.86X 10'*/L’, the efficacy of predicting severe
coronary artery stenosis was the highest, with a sensitivity of 68.0% and a specificity of 79.1%. The SIIRI of the MACE group
was significantly higher than that of the non-MACE group (942.38 X 10" [ 528.00X 10"%, 1 494.43X10"*]/L* vs 319.93X 10"
[176.41X 10", 498.90 10" J/L?, P<<0.001). When the SIIRI cutoff value was 650.23 X 10"*/L’, the predictive ability for MACEs
after PCI was the strongest, with a sensitivity of 71.4% and a specificity of 84.9%. The values of area under curve for SIIRI in
predicting CHD, severe coronary artery stenosis, and MACEs were 0.809 (95% confidence interval [ CI]0.770-0.848), 0.775 (95% CI
0.732-0.819), and 0.798 (95% CI 0.732-0.864), respectively, and were all higher than those of systemic immune-inflammation
index, systemic inflammatory response index, platelet to lymphocyte ratio, neutrophil to lymphocyte ratio, and monocyte to
lymphocyte ratio. Conclusion SIIRI is an independent risk factor of CHD and severe coronary artery stenosis. It also has good
predictive value for long-term MACEs in CHD patients after PCI.
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Tab 1 Comparison of clinical data among patients with or without CHD

Indicator Non-CHD group N=110 CHD group N=435 Statistic P value
Male, n (%) 58 (52.7) 341 (78.4) Fisher exact test <<0.001
Age/year, M (Q,, Op) 58.00 (50.00, 70.00) 64.00 (54.00, 70.00) Z=—2.489 0.013
BMI/(kg*m ), M (Q;, Q) 23.95(22.27,27.33) 24.45 (22.66, 26.50) Z=—0.356 0.722
Smoking, n (%) 37 (33.6) 245 (56.3) Fisher exact test <<0.001
Hypertension, 7 (%) 59 (53.6) 290 (66.7) Fisher exact test 0.011
Diabetes mellitus, 7 (%) 18 (16.4) 100 (23.0) Fisher exact test 0.132
TC/(mmol-L ™", M (Q,, Q) 4.33(3.72,4.89) 4.41(3.73,5.04) Z=—0.550 0.583
Triglyceride/(mmol*L "), M (Q,, Q) 1.44 (0.99, 2.04) 1.48 (0.98, 2.08) Z=-—0.301 0.764
HDL-C/(mmol*L™"), M (Q,, Op) 1.18 (1.01, 1.34) 1.09 (0.96, 1.23) Z=—3.446 <0.001
LDL-C/(mmol+L™"), M (Q,, Q) 2.34 (1.78,2.77) 2.49 (2.01,2.99) Z=—2.288 0.022
Creatinine/(umol-L "), M (Q,, Q) 67.00 (56.00, 77.00) 72.00 (63.00, 85.00) Z=—3.760 <0.001
Hemoglobin/(g*L™"), M (Q;, Op) 138.00 (125.00, 150.00) 140.00 (127.00, 149.00) Z=—0.392 0.695
White blood cell/(L ™', X 10%), M (Q,, Q) 6.00 (5.00, 7.00) 7.99 (6.00, 10.23) Z=—17.669 <0.001
Neutrophil (L', X 10%), M (Q,, Q) 3.35(2.61,4.35) 4.74 (3.56,7.12) Z=—"7.560 <0.001
Lymphocyte/(L ™', X 10%), M (Q,, Q) 1.75(1.49, 2.11) 1.68 (1.28,2.35) Z=-0.800 0.423
Platelet/(L ™', X 10%), M (O, Q) 162.50 (144.00, 180.00)  219.00 (188.00, 253.00) Z=—11.612 <0.001
Monocyte/(L ™', X 10%), M (Q,, Ov) 0.43 (0.36, 0.51) 0.52 (0.41, 0.67) Z=—5.680 <0.001
CRP/(mg*L™ "), M (Q,, Q) 1.30 (0.80, 2.30) 4.00 (1.20, 10.35) Z=-—6.619 <0.001
Albumin/(geL "), x+s 39.25+2091 38.161+4.09 t=2.635 0.009
Uric acid/(umol*L "), M (Q,, O,) 366.00 (290.00, 433.00)  371.00 (303.00, 444.50) Z=—1.009 0.313
SIIRI/(L 2, X 10'%), M (Q,, Oy) 121.25(91.17, 194.41) 305.19 (170.98, 550.76) Z=-—10.013 <0.001
SI/(L™', X10%), M (Q,, Q) 312.70 (226.69, 408.38)  584.44 (360.32, 983.58) Z=—9.235 <0.001
SIRI/(L™', X 10%), M (Q,, Op) 0.79 (0.60, 1.10) 1.39 (0.84, 2.57) Z=—"17.382 <0.001
PLR, M (Q,, Ov) 91.54 (70.61, 115.00) 124.24 (91.56, 169.82) Z=—6.609 <0.001
NLR, M (Q,, Ov) 1.96 (1.52,2.53) 2.70 (1.72,4.37) Z=—5.890 <0.001
MLR, M (Q,, O,) 0.23 (0.19, 0.29) 0.31(0.21,0.41) Z=—4.716 <0.001

CHD: Coronary heart disease; BMI: Body mass index; TC: Total cholesterol; HDL-C: High density lipoprotein-cholesterol;

LDL-C: Low density lipoprotein-cholesterol; CRP: C reactive protein; SIIRI: Systemic immune-inflammation response index; SII:

Systemic immune-inflammation index; SIRI: Systemic inflammatory response index; PLR: Platelet to lymphocyte ratio; NLR:

Neutrophil to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio; M (Q,, O,): Median (lower quartile, upper quartile).
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Tab 2 Logistic regression analyses of independent predictors of CHD

. Univariate analysis
Predictor Y

Multivariate analysis

P value OR (95% CI) P value OR (95% CI)

Male <0.001 3.252 (2.098, 5.042) <0.001 3.264 (1.875, 5.682)
Age 0.011 1.023 (1.005, 1.041) <0.001 1.050 (1.026, 1.075)
LDL-C 0.025 1.362 (1.040, 1.783) 0.005 1.593 (1.152, 2.202)
SIIRI <0.001 1.009 (1.007, 1.012) <0.001 1.008 (1.005, 1.010)

CHD: Coronary heart disease; LDL-C: Low density lipoprotein-cholesterol; SIIRI: Systemic immune-inflammation response

index; OR: Odds ratio; CI: Confidence interval.
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----- Reference line
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1 —specificity
1 SHRI. SII. SIRI. PLR. NLR #1 MLR il
CHD K ROC &5 #r
Fig1 ROC curve analysis of SIIRI, SII, SIRIL, PLR,
NLR, and MLR for predicting CHD

SIIRI: Systemic immune-inflammation response index;
SII: Systemic immune-inflammation index; SIRI: Systemic
inflammatory response index; PLR: Platelet to lymphocyte
ratio; NLR: Neutrophil to lymphocyte ratio; MLR: Monocyte to
lymphocyte ratio; CHD: Coronary heart disease; ROC: Receiver

operating characteristic; AUC: Area under curve.
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Tab 3 Comparison of clinical data among CHD patients with mild or severe coronary artery stenosis

Mild stenosis group

Severe stenosis group

Indicator N=163 N=27 Statistic P value
Male, n (%) 122 (74.8) 219 (80.5) Fisher exact test <<0.001
Age/year, M (O,, Q) 65.0 (56.0, 71.0) 64.0 (53.0, 70.0) Z=—1219 0.223
BMI/(kgem ), M (Q,, Q) 24.57 (22.30, 26.95) 24.28 (22.85, 26.23) Z=—0.116 0.908
Smoking, n (%) 75 (46.0) 170 (62.5) Fisher exact test <<0.001
Hypertension, 7 (%) 118 (72.4) 172 (63.2) Fisher exact test 0.006
Diabetes mellitus, 7 (%) 36 (22.1) 64 (23.5) Fisher exact test 0.295
TC/(mmol-L ™", M (Q,, Q) 4.36 (3.56, 5.01) 4.44 (3.79, 5.04) Z=—1.742 0.082
Triglyceride/(mmol*L™"), M (Q,, Q) 1.40 (0.89, 2.15) 1.52 (1.01,2.01) Z=—0.829 0.407
HDL-C/(mmol*L™"), M (Q,, Op) 1.11 (0.98, 1.27) 1.09 (0.93, 1.21) Z=—2.265 0.024
LDL-C/(mmol+L™"), M (Q,, Q) 2.37 (1.81,2.85) 2.63 (2.08, 3.06) Z=—3.465 <0.001
Creatinine/(umol=L "), M (Q,, Oy) 71.00 (63.00, 81.50) 73.00 (63.50, 87.00) Z=—1.771 0.077
Hemoglobin/(g* L"), M (Q,, Q) 139.00 (126.00, 147.00)  142.00 (129.50, 152.50) Z=—2.226 0.026
White blood cell/(L ', X 10%), M (Q,, Ov) 6.00 (5.00, 7.00) 9.24 (7.00, 11.49) Z=—10.536 <0.001
Neutrophil (L', X 10%), M (Q,, Q) 3.66 (2.93, 4.68) 6.04 (4.34, 8.88) Z=—10.329 <0.001
Lymphocyte/(L ™', X 10%), M (Q,, Q) 1.69 (1.37, 2.09) 1.68 (1.23, 2.68) Z=—0.341 0.733
Platelet/(L ™', X 10%), M (Q;, Q) 195.00 (165.50,234.00)  231.50 (203.00, 260.00) Z=—17.152 <0.001
Monocyte/(L ™', X 10%), M (Q,, Q) 0.47 (0.38, 0.58) 0.55(0.43, 0.76) Z=—5.181 <0.001
CRP/(mgL™ "), M (Q,, Q) 1.50 (0.80, 2.90) 7.72 (2.75, 17.10) Z=—10.413 <0.001
Albumin/(g=L "), M (Q,, Ov) 39.60 (37.15, 41.55) 37.55 (34.55, 40.05) Z=—5.620 <0.001
Uric acid/(umol*L "), M (Q;, O,) 370.00 (310.00, 432.00)  378.50 (296.00, 449.00) Z=—0.321 0.748
SIIRI/(L 2, X 10'%), M (Q,, Oy) 185.41 (127.39,294.07)  420.75 (238.76, 810.13) Z=-—9.620 <0.001
SI/(L™', X10%), M (Q,, Q) 407.42 (302.09, 559.80)  779.70 (490.85, 1 304.61) Z=—8.907 <0.001
SIRI/L "', X 10%), M (Q,, Ov) 0.98 (0.65, 1.48) 1.89 (1.08, 3.50) Z=—8.051 <0.001
PLR, M (Q,, Ov) 114.29 (91.56, 139.74) 136.60 (90.67, 196.23) Z=—3.354 <0.001
NLR, M (Q,, Ov) 2.06 (1.59,2.79) 3.36 (2.08, 5.61) Z=—6.994 <0.001
MLR, M (Q,, O) 0.28 (0.21, 0.35) 0.33 (0.21, 0.46) Z=—3.109 0.002

CHD: Coronary heart disease; BMI: Body mass index; TC: Total cholesterol; HDL-C: High density lipoprotein-cholesterol;
LDL-C: Low density lipoprotein-cholesterol; CRP: C reactive protein; SIIRI: Systemic immune-inflammation response index; SII:
Systemic immune-inflammation index; SIRI: Systemic inflammatory response index; PLR: Platelet to lymphocyte ratio; NLR:

Neutrophil to lymphocyte ratio, MLR: Monocyte to lymphocyte ratio; M (Q,, Op): Median (lower quartile, upper quartile).

X 4 CHD B2EEIRFKEEEFEM LN EZ/ logistic BT

Tab 4 Logistic regression analyses of independent predictors of severe coronary artery stenosis in CHD patients

Univariate analysis Multivariate analysis

Predictor

P value OR (95% CI) P value OR (95% CI)
LDL-C <<0.001 1.667 (1.292,2.152) <0.001 1.787 (1.303, 2.451)
Albumin <<0.001 0.858 (0.811, 0.908) <0.001 0.866 (0.804, 0.933)
White blood cell <0.001 1.595 (1.433, 1.775) <<0.001 1.308 (1.155, 1.483)
SIIRI <<0.001 1.004 (1.003, 1.005) 0.001 1.002 (1.001, 1.004)

CHD: Coronary heart disease; LDL-C: Low density lipoprotein-cholesterol; SIIRI: Systemic immune-inflammation response
index; OR: Odds ratio; CI: Confidence interval.

2.3 Gensini #F 4~ 5 SIIRI # 48 %+ 54K 30 ik
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(91.17X 10", 194.41X10" ) /L*] FIGIRSh KR peAs
ZH [185.41X10"™ (12739 10", 294.07x10") /L*] ,
X SA G ¥ X (H=181.915, P<0.001) .

Spearman Fk #H 3¢ 43 #1 i 7K, Gensini PF- 43 45 SIIRI

(r,=0.431, P<<0.001 ) ., SII( »,=0.419, P<<0.001 ) .
SIRI (7,=0.401, P<<0.001) . PLR (r,=0.249,

P<<0.001) . NLR (r,=0.372, P<<0.001) 1 MLR
(r,=0.293, P<<0.001) SIEAX,
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Fig2 ROC curve analysis of SIIRI, SII, SIRIL, PLR,
NLR, and MLR for predicting severe coronary artery
stenosis in CHD patients

SIIRI: Systemic immune-inflammation response index;
SII: Systemic immune-inflammation index; SIRI: Systemic
inflammatory response index; PLR: Platelet to lymphocyte
ratio; NLR: Neutrophil to lymphocyte ratio; MLR: Monocyte to
lymphocyte ratio; CHD: Coronary heart disease; ROC: Receiver

operating characteristic; AUC: Area under curve.
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Tab 5 Comparison of clinical data of CHD patients between non-MACE group and MACE group

Indicator Non-MACE group N=139 MACE group N=177 Statistic P value
Male, n (%) 115 (82.7) 66 (85.7) Fisher exact test 0.569
Agelyear, M (Q,, Op) 63.0 (51.0, 70.0) 63.0 (52.0, 68.0) Z=—0.466 0.641
BMI/(kg*m %), M (Q,, Q) 24.22 (22.94, 25.95) 24.09 (22.49, 25.26) Z=—1.570 0.116
Smoking, n (%) 84 (60.4) 60 (77.9) Fisher exact test 0.009
Hypertension, 7 (%) 84 (60.4) 48 (62.3) Fisher exact test 0.783
Diabetes mellitus, 7 (%) 22 (15.8) 18 (23.4) Fisher exact test 0.171
TC/(mmol<L ™", M (Q,, Q) 4.50 (3.81, 5.16) 4.50 (4.03, 5.09) Z=—0.531 0.596
Triglyceride/(mmol<L™"), M (Q,, Q) 1.52(1.01, 2.02) 1.62 (1.15,2.17) Z=—0.945 0.345
HDL-C/(mmol+L™"), M (Q,, Q) 1.09 (0.97, 1.22) 1.07 (0.93, 1.20) Z=—0.296 0.768
LDL-C/(mmol*L™"), M (Q,, Q) 2.64 (2.16, 3.00) 2.64 (2.34,3.04) Z=—0.993 0.320
Creatinine/(pmolL "), M (Q,, Oy) 71.00 (63.00, 83.00) 75.00 (62.00, 93.00) Z=—1.509 0.131
Hemoglobin/(geL "), X*s 136.84116.01 138.73+16.60 t=—0.818 0414
White blood cell/ (L', X 10%), M (Q,, Ov) 9.09 (7.49, 10.75) 11.63 (10.15, 14.07) Z=—6.141 <<0.001
Neutrophil (L', X 10%), M (Q,, Ov) 5.30 (4.34, 7.30) 8.72 (7.15,10.97) Z=—6.578 <0.001
Lymphocyte/(L ™', X 10%), M (Q,, Q) 2.24 (1.47,3.30) 1.75 (1.13, 2.52) Z=—2.342 0.019
Platelet/(L™", X 10%), M (Q,, Q) 228.00 (194.00, 255.50) 237.00 (210.00, 261.00) Z=—1.688 0.091
Monocyte/(L™", X 10%), M (Q,, Oy) 0.52 (0.42, 0.71) 0.74 (0.54, 0.94) Z=—5.276 <<0.001
CRP/(mg-L™ "), M (Q,, Q) 7.30 (3.05, 12.95) 16.28 (6.36, 58.40) Z=—4.098 <0.001
Albumin/(g*L "), X+ 36.92+3.41 37.06+4.79 t=—0.233 0.816
Uric acid/(umol*L "), M (Q,, Q) 350.00 (284.50, 427.00) 422.00 (333.00, 494.00) Z=—3.347 <0.001
SIIRI/(L ™, X 10"%), M (Q,, Oy) 319.93 (176.41, 498.90) 942.38 (528.00, 1 494.43) Z=—7.246 <<0.001
SI/(L™', X10%), M (Q,, Q) 609.84 (325.99,983.58)  1221.33(845.80, 1 849.67) Z=—5317 <<0.001
SIRIAL ', X 10%), M (Q,, Ov) 1.35(0.82, 2.32) 3.97(2.29,5.93) Z=-—17.012 <0.001
PLR, M (Q,, Op) 106.12 (69.98, 161.28) 135.29 (96.98, 211.22) Z=—2.744 0.006
NLR, M (Q,, Ov) 2.64 (1.58, 4.64) 5.49 (3.65, 7.64) Z=—4971 <<0.001
MLR, M (Q,, Oy) 0.25 (0.16, 0.37) 0.41(0.27,0.61) Z=—5.562 <0.001

MACE: Major adverse cardiovascular event; CHD: Coronary heart disease; BMI: Body mass index; TC: Total cholesterol; HDL-C: High

density lipoprotein-cholesterol; LDL-C: Low density lipoprotein-cholesterol; CRP: C reactive protein; SIIRI: Systemic immune-inflammation

response index; SII: Systemic immune-inflammation index; SIRI: Systemic inflammatory response index; PLR: Platelet to lymphocyte ratio;

NLR: Neutrophil to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio; M (Q,, Op): Median (lower quartile, upper quartile).
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Tab 6 Cox proportional hazard regression analyses of predictors of long-term MACEs in CHD patients after PCI

Univariate analysis

Multivariate analysis

Predictor P value HR (95% CI) P value HR (95% CI)

Smoking 0.016 1.940 (1.132, 3.325) 0.018 1.925 (1.121, 3.305)
CRP <<0.001 1.015 (1.009, 1.021) <<0.001 1.010 (1.004, 1.016)
SIIRI <<0.001 1.001 (1.000, 1.001) <<0.001 1.001 (1.000, 1.001)

CHD: Coronary heart disease; PCI: Percutaneous coronary intervention; MACE: Major adverse cardiovascular event; CRP:

C reactive protein; SIIRI: Systemic immune-inflammation response index; HR: Hazard ratio; CI: Confidence interval.

MR A STIRT F90 360455 £5 7 JeE4R s Wk o o e
4 I A 304.86 X 10"/L°, ¢ F8. 34 43 4 5 STIRI 41
FAEE SIIRI 4, Kaplan-Meier 4= A7 £ 40Kl 3 s
£t log-rank £ 56 43 #fr, 155 SIIRI 4 & & A% JC MACE
AR TSIRIA B, ZRAFKITHEX
(Y=24.58, P<0.001) .

100
ES —
2 80t
—
2
.E 60 -
2
8 40t
[i=}
m = High SIIRI
< 20f £
s —— Low SIIRI
0 2 4 6 8 10 12
Time/month

High SIIRI, number at risk
143 123 113 100 94 84 0

Low SIIRI, number at risk
73 69 68 68 68 68 0

3 7R[E SHRI 42 CHD £#&H#) Kaplan-Meier 277 4%
Fig3 Kaplan-Meier survival curves of CHD patients in
different SIIRI groups
High SIIRI group: SIIRI=304.86% 10"*/L* Low SIIRI group:
SIIRI<<304.86 X 10'%/L". SIIRI: Systemic immune-inflammation
response index; CHD: Coronary heart disease; MACE: Major

adverse cardiovascular event.
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Fig4 ROC curve analysis of SIIRI, SII, SIRI, PLR,
NLR, and MLR for predicting long-term MACE:s in
CHD patients after PCI
SIIRI: Systemic immune-inflammation response index;
SII: Systemic immune-inflammation index; SIRI: Systemic
inflammatory response index; PLR: Platelet to lymphocyte
ratio; NLR: Neutrophil to lymphocyte ratio, MLR: Monocyte
to lymphocyte ratio; CHD: Coronary heart disease; PCI:
Percutaneous coronary intervention; MACE: Major adverse
cardiovascular event; ROC: Receiver operating characteristic;

AUC: Area under curve.
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