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Background: As an inflammatory factor, complement C1q is related to the prevalence and 
progression of atherosclerosis; however, in patients undergoing emergency percutaneous 
coronary intervention (PCI), it is unclear whether C1q is related to the prevalence of 
contrast-associated acute kidney injury (CA-AKI).
Methods: From November 2018 to March 2021, 1182 patients who underwent emergency 
PCI were continuously recruited. Patients were divided into CA-AKI group (n = 234) and 
non-CA-AKI group (n = 948). CA-AKI was defined as an increase in serum creatinine from 
the baseline level (≥25% or ≥0.5 mg/dL) 48–72 hours after contrast exposure. All subjects 
were tested for serum C1q levels when they were admitted to the hospital.
Results: Among the 1182 patients undergoing emergency PCI, 234 patients (19.80%) 
developed CA-AKI. The level of preoperative serum complement C1q in the CA-AKI 
group was significantly higher than that in the non-CA-AKI group. Logistic regression and 
restricted cubic spline analyses showed that the incidence of CA-AKI was positively 
associated with the serum C1q level pre-PCI. Univariate and multivariate logistic regression 
analyses showed that C1q was an independent predictor of whether CA-AKI occurred after 
emergency PCI. The area under the curve (AUC) of the C1q was 0.703 [95% confidence 
interval (CI) 0.667–0.739] in patients receiving emergency PCI. CA-AKI model included the 
following three predictors: C1q, eGFR, and IABP use. The AUC of forecast probability was 
0.718 [95% CI 0.682–0.754].
Conclusion: In patients receiving emergency PCI procedure, a high C1q level before PCI is 
associated with the increased risk of CA-AKI.
Keywords: complement C1q, contrast-associated acute kidney injury, percutaneous 
coronary intervention, coronary heart disease, inflammation

Introduction
Contrast-associated acute kidney injury (CA-AKI) refers to the acute renal damage 
caused by the use of contrast agents during angiography or other medical proce
dures. As the common and serious complications of coronary angiography (CAG) 
and percutaneous coronary intervention (PCI), it is the third leading cause of acute 
kidney injury in hospital after hypoperfusion and drug-induced kidney injury.1–3

CA-AKI is closely related to long-term hospitalization, end-stage renal injury, 
adverse cardiovascular events, hospital death, and long-term prognosis.4,5 Since 
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there is no standard effective treatment for CA-AKI, pre
venting the occurrence of the disease is still the focus of 
treatment. Hydration and statins have been found to be 
effective in preventing CA-AKI.6 Therefore, an important 
part of reducing the risk of CA-AKI is to be able to 
identify patients with high risk of CA-AKI, so that closer 
monitoring and rapid intervention can be implemented.

Complement C1q is the initiator of the classical path
way of complement, and it participates in the occurrence 
and development of renal impairment by regulating the 
inflammatory response.7,8 C1q promotes the infiltration of 
monocytes and T lymphocytes, which causes vascular wall 
inflammation and plays a major role in the development of 
renal impairment.9,10 At the same time, C1q can induce the 
production of reactive oxygen species (ROS), lead to the 
activation of the complement system, cause renal vascular 
endothelial cell dysfunction, and cause renal medulla 
ischemia and hypoxia, which may play an important role 
in the incidence of CA-AKI.11–13 The association between 
serum C1q levels and CA-AKI has not been reported. We 
assumed, a priori, that elevated preprocedural C1q could 
be associated with increased risk of CA-AKI. This study 
aimed to evaluate the association between serum C1q 
levels and the risk of subsequent CA-AKI among patients 
undergoing emergency PCI.

Materials and Methods
Study Population
We used a prospective observational study design to eval
uate the association between serum C1q levels and the risk 
of subsequent CA-AKI among patients undergoing emer
gency PCI. All participants were recruited consecutively 
between November 2018 and March 2021 at Renmin 
Hospital of Wuhan University. All patients who underwent 
an emergency PCI were included, and the exclusion cri
teria were those patients (1) who have incomplete medical 
history; (2) who were allergic to iodinated contrast med
ium; (3) who had been exposed to contrast agents within 
14 days before the operation; (4) who presented with 
severe heart failure, severe cardiac stroke, serious valvular 
heart disease, and out-of-hospital cardiac arrest; (5) who 
presented with uremia or have had kidney transplantation; 
and (6) those who suffer from severe liver disease, cancer, 
autoimmune diseases, or infectious disease (Figure 1).

The research protocol has been approved by the Ethics 
Committee of the Renmin Hospital of Wuhan University, 
and the research has been carried out in accordance with 

the Helsinki statement. All patients or their relatives 
signed written informed consent before the operation.

Clinical Assessments
Detailed medical histories and physical examination 
results were obtained from all included patients. The fol
lowing baseline data from blood sample examinations 
were recorded from the first visit of the patients: age 
(years), weight, history of hypertension, diabetes mellitus, 
anemia, chronic kidney disease, heart failure, and coronary 
heart disease as well as history of alcohol drinking, cigar
ette smoking, and drug use.

Blood Sampling and Analysis
When the patients were admitted to hospital, medical staff 
collected 5 mL of procoagulant blood and 2 mL of ethylene
diaminetetraacetic acid (EDTA) anticoagulated venous whole 
blood from the cubital vein. Serum was separated from the 
procoagulant tube and stored in the refrigerator at −80°C for 
later use. Procoagulant blood was used to detect serum C1q, 
TP (total protein), ALB (albumin), urea, Cr (creatinine), eGFR 
(estimated glomerular filtration rate), UA (uric acid), Glu 
(glucose), total cholesterol (TC), triglyceride (TG), high- 
density lipoprotein cholesterol (HDL-C), low-density lipopro
tein cholesterol (LDL-C), and hsCRP (high-sensitivity 
C-reactive protein). Anticoagulant blood was used for the 
detection of red blood cell count (RBC) and hemoglobin. 
Among them, the immunoturbidimetric method was used to 
detect complement C1q, and the C1q reagent was purchased 
from Shanghai Beijia Biochemical Reagent Co., Ltd. The 
serum Cr level was measured at the time of admission, and 
daily post-procedure until the patient was discharged. All 
subjects were tested for serum C1q levels when they were 
admitted to the hospital. The eGFR was calculated using 
a CKD-EPI 2009SCr equation:14

Female with the concentration of serum creatinine 
≤0.7 mg/dL,

eGFR (mL/min/1.73 m2) = 144 × (Scr/0.7) −0.329× 
(0.993)age;

Female with the concentration of serum creatinine 
>0.7 mg/dL,

eGFR (mL/min/1.73 m2) = 144 × (Scr/0.7) −1.209× 
(0.993)age;

Male with the concentration of serum creatinine 
≤0.9 mg/dL,

eGFR (mL/min/1.73 m2) = 141 × (Scr/0.9) −0.411× 
(0.993)age;
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Male with the concentration of serum creatinine 
>0.9 mg/dL,

eGFR (mL/min/1.73 m2) = 141 × (Scr/0.9) −1.209× 
(0.993)age

Percutaneous Coronary Intervention
PCI involves balloon expansion and/or stent placement of 
blood vessels related to infarction. Stents include drug- 
eluting stents and drug-coated stents. The operation was 
performed by the surgeon according to the intervention 
procedure, and the amount of contrast agent and the opera
tion time during the operation were recorded. The proce
dure was guided by optical coherence tomography (OCT), 
intravascular ultrasound (IVUS) or angiography. Coronary 
angiography was performed by injection of iopamidol as 
a contrast agent. CA-AKI was defined as acute kidney 
injury that occurred within 48–72 h after administration 
of the contrast agent, with a 25% increase in serum Cr or 
0.5 mg/dL as the diagnostic criteria.15 After exposure to 
the contrast agent, normal saline (0.9%) was injected 
intravenously at a rate of 1 mL/kg/h for 12 hours, and 

the hydration rate (and hence the total volume adminis
tered) was adjusted to the left ventricular end-diastolic 
pressure, central venous pressure, or bioimpedance vector 
analysis appropriately.

Statistical Analysis
Analyses were performed using SPSS 23.0 and R 3.5.2. 
According to the Kolmogorov–Smirnov test, age, TP and 
ALB are continuous variables that obey normal distribu
tion and are expressed as mean ± standard deviation. RBC, 
Hb, urea, Cr, UA, eGFR, C1q, Glu, TC, TG, LDL-C, 
HDL-C, hsCRP, contrast volume and contrast exposure 
time do not obey normal distribution and are expressed 
as the median with the interquartile range. Categorical 
variables are expressed in quantity (percentage). The over
all mean was compared by the two-independent-sample 
t test or the Mann–Whitney U-test. The chi-square t test 
was used to compare groups on the percentages of cate
gorical variables. Logistic regression was used to explore 
the relationship between serum C1q levels and the preva
lence of CA-AKI. To further investigate the relationship 

Figure 1 Diagram of patient selection. 
Abbreviation: CA-AKI, contrast-associated acute kidney injury.
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between serum C1q levels and the incidence of CA-AKI, 
restricted cubic spline analysis was conducted for all risk 
factors included in this study. The receiver operating char
acteristic (ROC) curve analysis was performed to evaluate 
the area under the curve (AUC) of C1q and CA-AKI 
model, to establish optimal cutoff values, and to calculate 
the sensitivity and specificity.

Results
Clinical Characteristics
Among the 1182 patients undergoing emergency PCI, 234 
(19.80%) patients developed CA-AKI. Compared with 
patients without CA-AKI, patients with CA-AKI were 
older and more likely to suffer from hypertension, anemia, 
chronic kidney disease, heart failure, preoperative hypoten
sion and cardiogenic shock, receive diuretic treatment, and 
use of IABP. In addition, the levels of C1q, urea, Cr, UA and 
hsCRP before PCI in the CA-AKI group were higher than 
those in the non-CA-AKI group, while the Hb concentration 
and eGFR before PCI were lower than those in the non-CA- 
AKI group. Compared with other indicators, there were no 
statistical differences (Table 1).

Logistic Regression Between Serum C1q 
Level and the Prevalence of CA-AKI
Univariate and multivariate logistic regression analyses were 
performed to assess the effects of variables on CA-AKI 
development. Variables with P< 0.1 in univariate analyses 
were included in the multivariate model. The results of multi
variate logistic regression analyses showed that the C1q level 
(OR: 1.016, 95% CI: 1.011–1.020, P < 0.001), eGFR level 
(OR: 0.978, 95% CI: 0.960–0.996, P = 0.018) and IABP use 
(OR: 1.801, 95% CI: 1.025–3.163, P = 0.041) were signifi
cant predictors of CA-AKI in patients who underwent emer
gency PCI (Table 2).

According to the baseline C1q level, the quartile cut-off 
values are Q1 (≤155.50 mg/L), Q2 (155.51–176.15 mg/L), 
Q3 (176.16–199.30 mg/L) and Q4 (>199.30 mg/L). 
Univariate analysis showed that patients with higher serum 
C1q concentrations were more likely to develop CA-AKI: 
there were 21 patients (7.09%) in Q1, 43 (14.53%) in Q2, 65 
(22.03%) in Q3, and 105 (35.59%) in Q4 (P < 0.001).

To analyze the relationship between the prevalence of 
CA-AKI and the serum C1q level, we divided patients into 
C1q quartiles and calculated the odds ratios (ORs) of their 
CA-AKI risk, taking patients in the Q1 as a reference 
(Table 3). In the unadjusted model 1, the serum C1q 

concentration was positively correlated with the preva
lence of CA-AKI. After adjustment for eGFR and IABP 
use in Model 2, the results were similar to those of model 
1. This association remained statistically significant and 
changed little after controlling for age, hypertension, ane
mia, chronic kidney disease, heart failure, Hb, urea, Cr, 
UA, eGFR, TC, hsCRP, diuretics, hypotension, cardio
genic shock, and IABP use in Model 3.

Incidence of CA-AKI at Different C1q 
Levels
Figure 2 depicts the association between prevalence of CA- 
AKI and preprocedural C1q levels in patients with emer
gency PCI using restricted cubic spline analyses. We found 
a suggestion of S-shaped associations. The prevalence of 
CA-AKI slightly increased with increasing pre-procedural 
C1q concentrations, and in the range of C1q concentration 
from 150mg/L to 200mg/L, the incidence of CA-AKI 
increased fastest with the preoperative C1q concentration.

The restricted cubic spline model of the ORs of the 
prevalence of CA-AKI with serum C1q level was built in 
patients before PCI. The grey area represented the 95% 
confidence interval. It was adjusted for age, sex, smoking, 
drinking, hypertension, diabetes, anemia, chronic kidney 
disease, heart failure, coronary heart disease, acute coron
ary syndrome (ACS) types, RBC, Hb, TP, ALB, urea, Cr, 
UA, eGFR, Glu, TC, TG, HDL-C, LDL-C, hsCRP, statins, 
ACEI/ARB, β-blockers, calcium channel blockers, diure
tics, preoperative hypotension, preoperative LVEF <40%, 
cardiogenic shock, contrast volume, contrast exposure 
time and multivessel disease, radial approach, drug- 
eluting stent use, IABP use, OCT use, and IVUS use.

ROC Curve Analysis
As shown in Figure 3, ROC curve showed that the AUC of 
C1q in predicting the occurrence of CA-AKI after emergency 
PCI was 0.703 [95% CI 0.667–0.739], the optimal cut-off 
value was 180.25, the Youden Index was 0.344, the sensitivity 
was 72.4%, and the specificity was 61.7%. Additionally, 
according to multivariate logistic regression analyses, CA- 
AKI model included C1q, eGFR and IABP use, in which 
AUC of forecast probability was 0.718 [95% CI 0.682–0.754].

In-Hospital Clinical Outcomes
Patients with CA-AKI had a significantly higher rate of the 
presence of cardiac arrest (8.12% vs 2.22%, P < 0.001) 
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Table 1 Baseline Clinical Features of the CA-AKI and Non-CA-AKI Groups

Characteristics CA-AKI Group (n=234) Non-CA-AKI Group (n=948) P value

Baseline demographic
Age (years) 64.82 ± 11.08 61.98 ± 11.21 0.001

Male (n, %) 175 (74.79) 758 (79.96) 0.082

Medical history (n, %)
Smoking 73 (31.20) 307 (32.38) 0.728

Drinking 36 (15.38) 146 (15.40) 0.995

Hypertension 160 (68.38) 582 (61.39) 0.048
Diabetes mellitus 69 (29.49) 243 (25.63) 0.231

Anemia 41 (17.52) 114 (12.03) 0.026
Chronic kidney disease 48 (20.51) 106 (11.18) <0.001

Heart failure 61 (26.07) 182 (19.20) 0.020

Coronary heart disease 48 (20.51) 186 (19.62) 0.362
Clinical characteristics (n, %)

Unstable angina 41 (17.52) 183 (19.30) 0.821

NSTEMI 72 (30.77) 290 (30.59)
STEMI 115 (49.15) 458 (48.31)

Unknown 6 (2.56) 17 (1.79)

Laboratory variables
RBC (1012/L) 4.46 (3.92, 4.86) 4.47 (4.06, 4.85) 0.713

Hb (g/L) 135.00 (120.00, 147.00) 139.00 (125.00, 150.00) 0.041

TP (U/L) 65.29 ± 5.96 64.51 ± 5.89 0.255
ALB (U/L) 40.09 ± 4.38 40.20 ± 3.98 0.199

Urea (mmol/L) 6.03 (4.99, 7.39) 5.70 (4.57, 6.89) 0.001

Cr (µmol/L) 77.00 (65.00, 95.00) 70.00 (60.00, 84.00) <0.001
eGFR (mL/min) 83.35 (65.25, 97.86) 93.74 (80.75, 103.44) <0.001

UA (µmol/L) 390.50 (328.50, 485.25) 375.00 (311.25, 446.00) 0.005

C1q (mg/L) 195.45 (173.23, 214.35) 171.95 (152.53, 192.85) <0.001
Glu (mmol/L) 5.91 (4.95, 7.77) 5.80 (4.84, 7.27) 0.311

TC (mmol/L) 4.11 (3.15, 4.98) 4.04 (3.30, 4.74) 0.345

TG (mmol/L) 1.38 (1.02, 2.04) 1.31 (0.89, 1.88) 0.074
HDL-C (mmol/L) 0.91 (0.78, 1.16) 0.98 (0.82, 1.14) 0.097

LDL-C (mmol/L) 2.35 (1.60, 3.16) 2.32 (1.73, 2.96) 0.591

hsCRP (mg/L) 4.61 (1.37, 17.55) 2.13 (0.43, 8.82) <0.001
Medication (n, %)

Statin 204 (87.18) 812 (85.65) 0.548

ACEI/ARB 151 (64.53) 627 (66.14) 0.642
β-blocker 174 (74.36) 682 (71.94) 0.459

Calcium channel blocker 26 (11.11) 73 (7.70) 0.092

Diuretics 47 (20.09) 124 (13.08) 0.006
Procedural characteristic

Preoperative hypotension (n, %) 51 (21.79) 142 (14.98) 0.012

Preoperative LVEF<40% (n, %) 37 (15.81) 127 (13.40) 0.338
Cardiogenic shock (n, %) 22 (9.40) 52 (5.49) 0.027

Contrast volume (mL) 130.00 (118.75, 141.25) 130.00 (120.00, 142.00) 0.185

Contrast volume/weight (mL/kg) 1.75 (1.56, 2.11) 1.80 (1.57, 2.13) 0.441
Contrast exposure time (min) 56.00 (48.75, 63.00) 56.00 (48.00, 65.00) 0.416

Multivessel disease (n, %) 101 (43.16) 367 (38.71) 0.213

Radial approach (n, %) 185 (79.06) 780 (82.28) 0.255
Drug-eluting stent use (n, %) 171 (73.08) 687 (72.47) 0.852

IABP use (n, %) 46 (19.66) 93 (9.81) <0.001

OCT use (n, %) 49 (20.94) 176 (18.57) 0.404

(Continued)
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Table 1 (Continued). 

Characteristics CA-AKI Group (n=234) Non-CA-AKI Group (n=948) P value

IVUS use (n, %) 16 (6.84) 39 (4.11) 0.076

Clinical outcome (n, %)

Cardiac arrest 19 (8.12) 21 (2.22) <0.001
In-hospital mortality 14 (5.98) 9 (0.95) <0.001

Note: Continuous data were presented as mean ± SD or median (interquartile range, IQR) and compared using Student’s independent t-test or Mann–Whitney U-test, while 
categorical data were presented as percentage (%) and compared using chi-square test. 
Abbreviations: NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST elevation myocardial infarction; RBC, red blood cell; Hb, hemoglobin; TP, total protein; 
ALB, albumin; Cr, creatinine; eGFR, estimated glomerular filtration rate (mL/min/1.73 m2); UA, uric acid; C1q, complement C1q; Glu, glucose; TC, total cholesterol; TG, 
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; ACEI/ARB, angiotensin- 
converting enzyme inhibitor/angiotensin receptor blocker; LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon pumping; OCT, optical coherence tomography; 
IVUS, intravascular ultrasound.

Table 2 Univariate and Multivariate Analyses for the Risk Factors of CA-AKI in Patients Who Underwent an Emergency PCI

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

C1q 1.015 (1.011–1.019) <0.001 1.016 (1.011–1.020) <0.001

Age 1.023 (1.010–1.037) 0.001 1.004 (0.986–1.023) 0.667

Male 0.743 (0.532–1.040) 0.083 1.272 (0.778–2.079) 0.337
Hypertension 1.360 (1.002–1.845) 0.048 1.163 (0.820–1.648) 0.397

Diabetes mellitus 1.213 (0.884–1.665) 0.231

Smoking 0.947 (0.696–1.288) 0.728
Drinking 0.999 (0.672–1.485) 0.728

Anemia 0.643 (0.436–0.950) 0.027 0.758 (0.402–1.428) 0.392

Chronic kidney disease 2.050 (1.407–2.986) <0.001 0.830 (0.418–1.649) 0.595
Heart failure 1.484 (1.063–2.072) 0.020 0.889 (0.581–1.360) 0.587

Coronary heart disease 0.947 (0.696–1.288) 0.728

ACS types 1.066 (0.879–1.293) 0.517
RBC 0.908 (0.722–1.144) 0.414

Hb 0.992 (0.984–0.999) 0.025 0.998 (0.985–1.011) 0.767

TP 1.023 (0.998–1.048) 0.074 1.005 (0.973–1.037) 0.776
ALB 0.994 (0.959–1.029) 0.722

Urea 1.078 (1.031–1.127) 0.001 1.020 (0.946–1.098) 0.612

Cr 1.004 (1.001–1.007) 0.020 0.992 (0.983–1.002) 0.112
UA 1.002 (1.001–1.003) 0.003 1.001 (0.999–1.002) 0.442

eGFR 0.983 (0.977–0.989) <0.001 0.978 (0.960–0.996) 0.018

Glu 1.019 (0.977–1.063) 0.375
TC 1.147 (1.013–1.299) 0.031 0.970 (0.702–1.341) 0.855

TG 1.051 (0.956–1.156) 0.301

HDL-C 0.707 (0.408–1.226) 0.217
LDL-C 1.147 (0.986–1.334) 0.076 1.157 (0.785–1.704) 0.462

hsCRP 1.006 (1.002–1.010) 0.006 1.002 (0.997–1.008) 0.431

Statin 1.139 (0.745–1.740) 0.548
ACEI/ARB 0.931 (0.690–1.257) 0.642

β-blocker 1.131 (0.817–1.567) 0.459

Calcium channel blocker 1.498 (0.934–2.403) 0.093 0.891 (0.507–1.564) 0.687
Diuretics 1.670 (1.152–2.421) 0.007 1.465 (0.955–2.247) 0.080

Preoperative hypotension 1.582 (1.106–2.263) 0.012 1.407 (0.853–2.320) 0.181

Preoperative LVEF<40% 1.214 (0.816–1.807) 0.339
Cardiogenic shock 1.788 (1.063–3.009) 0.029 0.824 (0.351–1.933) 0.657

(Continued)
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and in-hospital mortality (5.98% vs 0.95%, P < 0.001) 
compared with patients without CA-AKI.

Discussion
To the best of our knowledge, this is the first article on the 
association between serum C1q levels and the prevalence 
of CA-AKI after PCI. In this study, we found that patients 
with CA-AKI had higher serum C1q levels than those 
without CA-AKI, and with the increase of C1q levels, 
the prevalence of CA-AKI also increased. After adjusting 
for confounding factors, the level of C1q is still related to 
the prevalence of CA-AKI, indicating that the preoperative 
C1q level of patients is a potential risk factor for the 
prevalence of CA-AKI after PCI.

The pathogenesis of CA-AKI is not entirely clear. The 
nephrotoxicity of contrast media, renal medullary ischae
mia and hypoxia, as well as oxidative stress are thought to 
be correlated with the progression of CA-AKI.16,17 

Immune system was also considered to be related to the 
prevalence of the disease. Previous studies have found that 

elevated levels of CRP and WBC are related to the 
increase in the prevalence of CA-AKI, which suggests 
that immune response may be an important factor in the 
development of CA-AKI.18 As the main components of 
innate immune system, whether complement system is 
related to CA-AKI has not been reported. This study 
recruited 1182 subjects to explore the relationship between 
C1q and CA-AKI and analyze the clinical value of pre
operative C1q level in CA-AKI.

C1q is the initiator molecule of the classical pathway 
of complement. When activated, it leads to the formation 
of the membrane attack complex (MAC), which in turn 
activates the classical pathway of complement.19 MAC 
can stimulate endothelial cells to secrete tissue factor and 
plasminogen activating enzyme inhibitor. They not only 
promote the binding of fibrinogen to endothelial cells but 
also promote platelet aggregation and thrombosis, and it 
also stimulates endothelial cells to express cell adhesion 
molecules, membrane cofactor protein and other cell adhe
sion molecules and chemokines and promotes the 

Table 2 (Continued). 

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

Contrast volume 0.995 (0.987–1.003) 0.185

Contrast volume/weight 0.891 (0.635–1.250) 0.503

Contrast exposure time 0.995 (0.983–1.007) 0.416
Multivessel disease 1.202 (0.900–1.606) 0.213

Radial approach 0.813 (0.569–1.161) 0.255

Drug-eluting stent use 1.031 (0.747–1.423) 0.852
IABP use 2.249 (1.528–3.312) <0.001 1.801 (1.025–3.163) 0.041

OCT use 1.162 (0.815–1.657) 0.408

IVUS use 1.308 (0.969–1.766) 0.080 1.328 (0.946–1.863) 0.101

Abbreviations: C1q, complement C1q; ACS, acute coronary syndrome; RBC, red blood cell; Hb, hemoglobin; TP, total protein; ALB, albumin; Cr, creatinine; eGFR, 
estimated glomerular filtration rate (mL/min/1.73 m2); UA, uric acid; Glu, glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL- 
C, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; LVEF, 
left ventricular ejection fraction; IABP, intra-aortic balloon pumping; OCT, optical coherence tomography; IVUS, intravascular ultrasound.

Table 3 Association of the Prevalence of CA-AKI with the Serum C1q Concentration Before PCI

C1q Quartile n Conc Range, mg/L OR (95% CI)

Model 1 Model 2 Model 3

Quartile 1 (low) 296 ≤155.50 Reference Reference Reference

Quartile 2 296 155.51–176.15 2.226 (1.285–3.854) 2.372 (1.358–4.143) 2.355 (1.295–4.282)
Quartile 3 295 176.16–199.30 3.701 (2.195–6.239) 3.978 (2.338–6.768) 4.504 (2.548–7.961)

Quartile 4 (high) 295 >199.30 7.237 (4.373–11.976) 7.530 (4.510–12.573) 8.998 (5.144–15.740)

P for trend <0.001 <0.001 <0.001

Notes: Model 1 no adjustment. Model 2 adjusted for eGFR and IABP use. Model 3 adjusted for age, hypertension, anemia, chronic kidney disease, heart failure, Hb, urea, Cr, 
UA, eGFR, TC, hsCRP, diuretics, hypotension, cardiogenic shock, and IABP use.
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infiltration of monocytes and T lymphocytes, thereby pro
moting the occurrence and development of 
atherosclerosis.20–22 In addition, C1q levels are also 
related to the occurrence of kidney disease. The deposition 
of C1q and other complements in the renal mesangial area 
and vascular loops can lead to glomerulonephritis.23–25

Although the pathophysiological mechanisms of high 
C1q levels and CA-AKI are still unclear, they may be related 
to the activation of the complement system and the 

generation of ROS. Contrast agents can accelerate the activa
tion of adenosine A1 receptors, increase the production of 
endothelin, induce renal vasoconstriction, cause renal 
medulla ischemia and hypoxia, and cause renal ischemia- 
reperfusion injury.2,26 The ischemia-reperfusion injury of the 
kidney will cause the activation of C1q and then the activa
tion of the complement system, leading to the recruitment of 
inflammatory cells and the damage to the renal medulla.27,28 

At the same time, C1q can induce the production of ROS, and 
ROS can further aggravate renal damage by regulating the 
levels of angiotensin II, thromboxane A2, endothelin and 
adenosine and further regulating vasoconstriction.11,12,29 

Ischemia, hypoxia and exposure to contrast agents can 
cause cellular damage to renal tubular epithelial cells. 
Damaged renal tubular epithelial cells will increase the bind
ing of C1q to gC1qR expressed by epithelial cells, thereby 
directly activating the classical pathway of complement, 
leading to kidney deficiency.13,30

This study has several limitations. First, due to the small 
sample size, there is no stratification for other risk factors of 
CA-AKI. Second, since the lack of follow-up, this study did 
not evaluate the correlation between C1q levels and the 
long-term renal function or long-term prognosis of patients. 
Third, we only tested the level of serum C1q in patients and 
did not test the levels of other components of the comple
ment system at the time of patient admission and assess 
whether they have a suggestive effect on the pathogenesis 
of CA-AKI. Therefore, it cannot be explained that the dis
ease of CA-AKI is related to the activation of the comple
ment system. To explain this problem, we need to test other 
complement components in the patient’s serum and urine, 
such as C4d, C3a, C5a, etc., and perform kidney biopsy.

Conclusion
All in all, in patients receiving emergency PCI treatment, 
elevated serum C1q levels are a potential risk factor for 
CA-AKI. According to the C1q level before PCI, it is 
helpful to identify high-risk patients with CA-AKI.
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Figure 2 Nonlinear associations between serum C1q concentration and the pre
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Figure 3 ROC curve of C1q level and CA-AKI model in predicting the occurrence 
of CA-AKI after emergency PCI.
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