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Association between mild renal
insufficiency, inflammatory status
on initial admission, and 1-year
mortality following ST-segment
elevation myocardial infarction

Da Luo%23¢, Xiaoying Wang*$, Liyue Wang*¢, Zheng Hu'?:3, Bofang Zhang%3,
Changwu Xu%23, Hong Jiang%%37 & Jing Chen%237>

The systemic inflammation tends to increase progressively as kidney function deteriorates. However,
it remains unknown whether mild renal insufficiency affects inflammatory response at admission and
subsequent clinical outcomes following ST-segment elevation myocardial infarction (STEMI). This
study aimed to evaluate the joint, interactive, and mediating effects of estimated glomerular filtration
rate (eGFR) and neutrophil-lymphocyte ratio (NLR) at admission on 1-year mortality in STEMI patients.
Data were collected from 5,594 consecutive STEMI patients at seven centers (NCT04996901). Mildly
reduced eGFR (60-89 mL/min/1.73m?) was associated with both elevated NLR and increased 1-year
mortality (B 0.55, 95%Cl [0.07-1.02], P=0.024; HR 2.18, 95%CI [1.55-3.08], P <0.001; respectively).
Inflammation at admission mediated a small but significant proportion of the association between
mildly reduced eGFR and mortality risk (1.7%, P=0.030). Incorporating eGFR and NLR into a predictive
model significantly improved mortality prediction following STEMI compared with clinical risk

factors alone (C-index, 0.799 vs. 0.730, P<0.001; net reclassification index 0.334, P<0.001). These
findings support the identification of patients at risk who may benefit from intensive kidney function
monitoring and early adjuvant intervention, while also highlighting the need for developing anti-
inflammatory therapies for STEMI patients with renal insufficiency.

Keywords Renal insufficiency, Inflammation, STEMI, Mortality, Prognosis

Chronic kidney disease (CKD) has emerged as a major global public health challenge, with an increasing
all-cause mortality reaching 52.2 per 1000 person-years in 2021 among younger adults!. It affects millions of
individuals and imposes a substantial burden on healthcare systems and society'2. Notably, cardiovascular
disease rather than end-stage kidney disease is the leading cause of death in patients with CKD**. Previous
studies have consistently demonstrated that individuals with low estimated glomerular filtration rate (eGFR) face
a significantly elevated risk of adverse cardiovascular events®”. It is attributed to a complex interplay of altered
hemodynamics, electrolyte disturbances, vascular remodeling, and systemic inflammation in CKD patients®.
CKD is known to be a state of chronic low-grade inflammation and an accelerator of cardiovascular aging,
which exacerbates vascular dysfunction and accelerates atherosclerosis progression®. Inflammation is a key
driver of atheroprogression and thromboembolic events, particularly in acute coronary syndrome such as ST-
segment elevation myocardial infarction (STEMI)®!°. During STEMI, ischemia and reperfusion injury also
trigger a robust inflammatory response characterized by the release of cytokines and activation of immune
pathways, which exacerbates infarct expansion, myocardial remodeling, and poor clinical outcomes!'114,
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Despite growing evidence linking renal dysfunction and inflammation to adverse cardiovascular outcomes,
previous studies have several limitations. First, previous studies have predominantly focused on moderate to
severe CKD and its association with cardiovascular outcomes>!>16, leaving a critical gap in understanding the
impact of mild renal insufficiency, particularly in patients with STEMI. Second, while inflammation is a well-
established prognostic factor in myocardial infarction, especially in patients with CKD or diabetes!'”~%°, the
extent to which mild renal dysfunction exacerbates inflammatory activation at admission and its impact on
long-term outcomes remains unexplored. To address these knowledge gaps, our study aims to investigate the
joint, interactive, and mediating effects of mild renal insufficiency and inflammatory status on 1-year mortality
following STEMI. By exploring these relationships, we seek to clarify whether even mild renal dysfunction
contributes to cardiovascular risk, offering potential implications for risk stratification and management
strategies in STEMI patients with renal insufficiency.

Methods

Data source and study population

Consecutive patients aged > 18 years with STEMI who underwent primary percutaneous coronary intervention
(PCI) between 2015 and 2021 at seven high-volume PCI centers in China were retrospectively enrolled (CSPR
[The Chinese STEMI PPCI Registry] trial; Unique identifier: NCT04996901). STEMI was diagnosed based
on the fourth universal definition of MI?!. Principal exclusion criteria for further analyses were as follows: (1)
STEMI with symptom-onset-to-balloon time>24 h.; (2) Primary PCI was not successful or only underwent
coronary angiography; (3) Missing key baseline laboratory data (neutrophil count, lymphocyte count, eGFR,
etc.). The flowchart of patient enrollment in this study is displayed in Supplemental Fig. 1. Patient demographic
characteristics, laboratory findings, medical history, and PCI procedure details were obtained from electronic
medical records for further analyses. The CSPR trial was conducted in accordance with the Declaration of Helsinki
and was approved by all institutional ethics and review committees (approval number: WDRY2021-K504). The
individual informed consent was waived by Renmin Hospital of Wuhan University due to the opt-out policy of
retrospective study.

Assessment of kidney function and inflammatory status

Kidney function was quantitatively assessed using the estimated glomerular filtration rate (eGFR), which
was derived from inpatient serum creatinine measurements and calculated using the race-agnostic Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) 2021 Equation??. The eGFR was classified into three
categories according to the definition of CKD and scale of the study population: normal or high, eGFR>90 mL/
min/1.73m? mildly decreased, eGFR 60-89 mL/min/1.73m% moderately to severely decreased, eGFR <60 mL/
min/1.73m??. The inflammatory status at the onset of STEMI was assessed using the neutrophil-lymphocyte
ratio (NLR), which was calculated as dividing the plasma neutrophil count (x10°/L) by the plasma lymphocyte
count (x10%/L). NLR values were dichotomized into two groups based on the median value: low NLR<7 and
high NLR >7. Both eGFR and NLR values were obtained from medical records at admission, and patients with
incomplete data on eGFR or NLR were excluded from the analysis.

Ascertainment of outcome

The primary outcome of this study was 1-year all-cause death, defined as death from any cardiac or non-cardiac
cause occurring after admission. Clinical follow-up assessments were performed at 1, 6, and 12 months and
every two years thereafter by outpatient clinical visits or telephone interviews. Follow-up was censored if events
occurred after one year up to the latest available censor date (the end of February 2023).

Assessment of covariates

The following harmonized variables were included in the subsequent analysis based on their clinical relevance
or statistical significance in baseline characteristics comparisons stratified by outcome: age, sex (female, male),
hypertension (yes, no), diabetes (yes, no), hyperlipidemia (yes, no), smoking (yes, no), prior myocardial
infarction (yes, no), prior stroke (yes, no), symptom-to-balloon time, anterior myocardial infarction (yes, no),
post-procedural TIMI flow grade 3 (yes, no), multivessel disease (yes, no), and complete revascularization
(yes, no). Multivessel disease was defined as the presence of significant stenosis (>70%) in two or more major
epicardial coronary arteries®’. Complete revascularization was defined as the successful treatment of all
lesions of anatomically significant stenosis®®. The directed acyclic graphs (DAGs) were created to illustrate the
relationships between exposure, outcome, and potential confounders (Supplemental Fig. 2).

Statistical analysis
Categorical variables were shown as counts (percentages) and compared using y? tests or Fisher’s exact tests, as
appropriate. Continuous variables were presented as mean + SD compared using Student’s ¢ tests.

To evaluate the association of eGFR and NLR with 1-year mortality, multivariable Cox proportional hazards
models were fitted to estimate adjusted hazard ratios (HRs) as well as 95% confidence intervals (CIs). The
proportionality assumption was tested by Schoenfeld residuals, and all Cox proportional hazard models met
the assumption. Variance inflation factors (VIFs) were used to assess the collinearity of variables included in
the multivariable model, and we did not find any collinear variables (all VIFs<5). The Kaplan-Meier survival
analyses with inverse probability of treatment weighting (IPTW) were used to assess the cumulative mortality
risk for categorical eGFR and NLR on admission. Additionally, 4-knotted restricted cubic splines (RCS) were
plotted to explore the potential exposure-response relationships between eGFR, NLR, and 1-year mortality.

To evaluate the joint effects of eGFR and NLR on 1-year mortality, patients were stratified into six distinct
groups based on the categorized eGFR (=90 mL/min/1.73m?, 60-89 mL/min/1.73m?, and < 60 mL/min/1.73m?)
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and NLR (<7 and 27). All aforementioned covariables were included in the model for adjustment. To assess the
addictive interaction, we use the R package “epiR” to calculate three distinct metrics: the relative excess risk due
to interaction (RERI), attributable proportion due to interaction (AP), and the synergy index (SI). Meanwhile,
the multiplicative interaction was also tested and considered as an absence of interaction if the value equals one.

To evaluate the mediating role of inflammatory status on admission on the association between renal
insufficiency and all-cause death following STEMI, two-step regression analyses were performed using the R
package “Mediation”. A multivariate linear regression model was created to investigate the relationship between
categorical eGFR and continuous NLR. Multivariate Cox regression models were constructed to assess the
associations between eGFR, NLR, and 1-year mortality. The average causal mediation effect (ACME), average
direct effect (ADE), and the percent mediated were then calculated using the quasi-Bayesian Monte Carlo
simulation approaches (resampling 1,000 times). Additionally, we introduced a surrogate inflammatory marker,
the systemic immune-inflammatory index (SII), calculated as platelet count x neutrophil count/lymphocyte
count, to further validate the robustness of our conclusions. The optimal cut-off value of SII was determined by
maximally selected rank statistics.

To evaluate the discriminant capabilities of predictive models to predict 1-year mortality following STEMI,
the receiver-operating characteristic (ROC) curves were plotted and C-indexes with 95%Cls were compared.
The incremental predictive implications of adding eGFR and NLR to a model with clinical risk factors compared
to a model with clinical risk factors only were further assessed using integrated discrimination improvement
(IDI) and the net reclassification index (NRI). Finally, decision curve analysis (DCA) was employed to compare
the clinical net benefits against various threshold probabilities.

All statistical analyses were performed using R version 4.3.1 (R Foundation for Statistical Computing, Vienna,
Austria) and RStudio version 2023.12.1 +402. A two-sided P <0.05 was regarded as statistically significant.

Results

Baseline characteristics

A total of 4,778 patients with STEMI treated with primary PCI were enrolled in the analyses. The mean age
was 61+12 years, and 19.9% of the cohort were female. During 1-year follow-up, 266 (5.6%) deaths were
documented (89 women and 177 men). The median (interquartile range) of eGFR was 96.6 (81.4, 106.1)
mL/min/1.73m?, while the median of NLR was 7 (4, 11). 26% of patients had mild renal insufficiency (eGFR
60-89 mL/min/1.73m?), while 9.8% had moderate to severe renal insufficiency (eGFR<60 mL/min/1.73m?).
Table 1 and Supplemental Table 1 present the baseline characteristics of the patients enrolled stratified by eGFR
categories and NLR categories, respectively.

Association of eGFR and NLR with 1-year mortality

A consistent association of eGFR and NLR with 1-year mortality was observed across all three models (Table 2).
Compared with patients with normal or high eGFR (=90 mL/min/1.73m?), the multivariate-adjusted HR among
those with mildly decreased eGFR (60-89 mL/min/1.73m?) was 2.18 (95% CI 1.55-3.08) in the fully adjusted
model 3. Patients with moderately to severely decreased eGFR (< 60 mL/min/1.73m?) exhibited an even higher1-
year mortality risk, with an adjusted HR of 8.54 (95% CI 6.09-11.98). Compared with patients with low NLR<7,
those with high NLR>7 had a significantly increased 1-year mortality risk (adjusted HR 1.44, 95%CI 1.12-1.86,
P=0.004). Furthermore, the cumulative mortality risks were higher in patients with low eGFR and those with
high NLR (both log-rank P<0.001, Fig. 1). A nonlinear exposure-response association between eGFR and 1-year

Total eGFR>90 eGFR 60-89 | eGFR<60

Characteristics Levels (N=4778) (N=3067) (N=1241) (N=470) P

<60 2113 (44.2%) | 1715 (55.9%) | 321 (25.9%) | 77 (16.4%) | <0.001
Age (years)

>60 2665 (55.8%) | 1352 (44.1%) | 920 (74.1%) | 393 (83.6%)
Gender Male 3827 (80.1%) | 2569 (83.8%) | 930 (74.9%) | 328 (69.8%) | <0.001

Female 951 (19.9%) | 498 (16.2%) | 311 (25.1%) | 142 (30.2%)
Hypertension Yes 2334 (48.8%) | 1317 (42.9%) | 713 (57.5%) | 304 (64.7%) | <0.001
Diabetes Yes 875 (18.3%) | 534 (17.4%) | 239 (19.3%) | 102 (21.7%) | 0.049
Hyperlipidemia Yes 342 (7.2%) | 246 (8%) 79 (6.4%) 17 (3.6%) 0.001
Smoking Yes 2467 (51.6%) | 1691 (55.1%) | 590 (47.5%) | 186 (39.6%) | <0.001
Prior myocardial infarction Yes 158 (3.3%) | 84 (2.7%) 48 (3.9%) 26 (5.5%) 0.003
Prior stroke Yes 308 (6.4%) | 161 (5.2%) 96 (7.7%) 51 (10.9%) | <0.001
Symptom-to-balloon time (h) Mean +SD 6.2+4.8 | 6.1+4.8 6.1+4.8 6.9+53 0.007
Anterior myocardial infarction Yes 2409 (50.4%) | 1602 (52.2%) | 595 (47.9%) | 212 (45.1%) | 0.002
Post-procedural TIMI flow grade 3 | Yes 4699 (98.3%) | 3030 (98.8%) | 1218 (98.1%) | 451 (96%) <0.001
Multivessel disease Yes 2450 (51.3%) | 1500 (48.9%) | 673 (54.2%) | 277 (58.9%) | <0.001
Complete revascularization Yes 2779 (58.2%) | 1867 (60.9%) | 695 (56%) 217 (46.2%) | <0.001

Table 1. Baseline characteristics for STEMI patients with different eGFR categories (mL/min/1.73m?). eGFR
estimated glomerular filtration rate, STEMI ST-segment elevation myocardial infarction, TIMI thrombolysis in
myocardial infarction.
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Model 1 Model 2 Model 3

Characteristics Levels Stats HR (95% CI) HR (95% CI) HR (95% CI)

eGFR (mL/min/1.73m?) Continuous | 91.8+232 | 0.97 (0.96,0.97) P<0.001 | 0.97 (0.96,0.97) P<0.001 | 0.97 (0.96, 0.97) P<0.001

Normal or high 290 3067 (64.2%) | 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Mildly decreased 60-89 1241 (26.0%) | 2.77 (2.01,3.83) P<0.001 | 2.13 (1.52,2.99) P<0.001 |2.18 (1.55,3.08) P<0.001

Moderately to severely decreased | <60 470 (9.8%) | 12.23(9.11,16.43) P<0.001 | 8.59 (6.18, 11.93) P<0.001 | 8.54 (6.09, 11.98) P<0.001

NLR Continuous | 8.7+6.8 1.03 (1.02, 1.04) P<0.001 | 1.03 (1.01, 1.04) P<0.001 | 1.02 (1.01, 1.04) P<0.001

Low <7 2360 (49.4%) | 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

High 27 2418 (50.6%) | 1.64 (1.28,2.10) P<0.001 | 1.51 (1.18,1.93) P=0.001 | 1.44 (1.12, 1.86) P=0.004
Table 2. Associations of eGFR and NLR with 1-year mortality risk following STEMI. Model 1 was not adjusted
for any covariates; Model 2 was adjusted for adjusted for age, gender; Model 3 was further adjusted for age,
gender, hypertension, diabetes, hyperlipidemia, smoking, prior myocardial infarction, prior stroke, symptom-
to-balloon time, anterior myocardial infarction, post-procedural TIMI flow grade 3, multivessel disease, and
complete revascularization. CI confidence interval, eGFR estimated glomerular filtration rate, HR hazard
ratios, NLR neutrophil-lymphocyte ratio, STEMI ST-segment elevation myocardial infarction.
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Fig. 1. Kaplan-Meier curves show the cumulative hazard of all-cause death following STEMI according to
eGFR categories (A) and NLR categories (B), respectively. HRs were adjusted for age, gender, hypertension,
diabetes, hyperlipidemia, smoking, prior myocardial infarction, prior stroke, symptom-to-balloon time,
anterior myocardial infarction, post-procedural TIMI flow grade 3, multivessel disease, and complete
revascularization using inverse probability of treatment weighting. eGFR estimated glomerular filtration rate,
NLR neutrophil-lymphocyte ratio, STEMI ST-segment elevation myocardial infarction.

mortality using RCS regression analysis was found (P for nonlinearity <0.001, Fig. 2A), whereas a monotonically
increasing linear relationship between NLR and 1-year death events was observed (P for nonlinearity=0.393,
Fig. 2B). Additionally, there was a significant linear association between eGFR (as continuous and categorical
exposure, respectively) and NLR (all P<0.05, Supplemental Table 2).

Joint and interaction analyses of eGFR and NLR with mortality

The joint effects of eGFR and NLR on 1-year mortality are presented in Fig. 3. Reduced kidney function
significantly aggravated the 1-year mortality following STEMI in both low and high NLR groups when compared
to normal or high eGFR. Notably, even mildly decreased eGFR in patients with low NLR was associated with
an increased mortality risk, with an adjusted HR 2.23 (95%CI 1.30-3.84). A similar result was observed in
joint analysis of eGFR and SII with 1-year mortality (Supplemental Fig. 3). Furthermore, interactions between
eGFR and NLR on 1-year mortality were further investigated. No additive but significant multiplicative
interactions were found (Additive, RERI 0.54 [95%CI -0.82, 1.91] and 2.17 [95%CI -1.95, 6.28) in eGFR 60-89
mL/min/1.73m? and <60 mL/min/1.73m? groups, respectively; Multiplicative, 3.37 [2.07, 5.50] and 12.40 [7.73,
19.90], respectively; Supplemental Table 3).
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Fig. 2. Exposure-response relationships of eGFR (A), NLR (B) with the 1-year mortality risk following
STEMI. HRs were adjusted for age, gender, hypertension, diabetes, hyperlipidemia, smoking, prior myocardial
infarction, prior stroke, symptom-to-balloon time, anterior myocardial infarction, post-procedural TIMI

flow grade 3, multivessel disease, and complete revascularization. CI confidence interval, eGFR estimated
glomerular filtration rate, NLR neutrophil-lymphocyte ratio, STEMI ST-segment elevation myocardial
infarction.
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Fig. 3. Joint effects of eGFR and NLR on the 1-year mortality risk following STEMI. The model was adjusted
for age, gender, hypertension, diabetes, hyperlipidemia, smoking, prior myocardial infarction, prior stroke,
symptom-to-balloon time, anterior myocardial infarction, post-procedural TIMI flow grade 3, multivessel
disease, and complete revascularization. CI confidence interval, eGFR estimated glomerular filtration rate, HR
hazard ratios, NLR neutrophil-lymphocyte ratio, STEMI ST-segment elevation myocardial infarction.

Mediation analyses of NLR of eGFR with mortality

Table 3 shows the total, direct, and indirect associations between eGFR categories and 1-year mortality. We
detected mediating effects through NLR were 1.7% (95%CI 0.1-4.5) for eGFR 60-89 mL/min/1.73m? group and
4.5% (95%CI 0.7-8.6) for eGFR <60 mL/min/1.73m? group (P=0.03 and P=0.01, respectively). The small but
significant proportion of mediation indicates that the NLR on admission was involved in the association between
eGFR and 1-year mortality following STEMI. Similar mediating effects of NLR and SII were observed in the
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Total effect estimate Direct effect estimate Mediated estimate % Mediated* | value

eGFR 60-89 mL/min/1.73m?

—67779826.625 (- 349892361.771, — 4492128.069)

— 66474671.143 (- 341046323.935, | — 1305155.482 (- 7834902.16, 1.7(0.1,45) | 0.030

— 4392416) —23779.326)
) . | ~ _ — 65441682.086 (- 310986658.323, | — 3404794.005
eGFR <60 mL/min/1.73m 68846476.092 (- 327237947.601, ~ 4587182.16) | _ 110 oy (17330301103, — 85798.701) | 43 (07:86) | 0.010

Table 3. Adjusted direct and indirect associations between eGFR and 1-year mortality risk and proportion
mediated by admission NLR levels. All models were adjusted for age, gender, hypertension, diabetes,
hyperlipidemia, smoking, prior myocardial infarction, prior stroke, symptom-to-balloon time, anterior
myocardial infarction, post-procedural TIMI flow grade 3, multivessel disease, and complete revascularization.
The group with eGFR >90 mL/min/1.73m? was set as control. * Proportion mediated = mediated estimate/total
effect estimate. CI confidence interval, eGFR estimated glomerular filtration rate, NLR neutrophil-lymphocyte
ratio.
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Fig. 4. Predictive performance of the combined eGFR and NLR for 1-year mortality risk following STEMI.

(A) The receiver operating characteristic (ROC) curve for evaluating the discrimination power by calculating
the AUC with 95%CI; (B) Decision curve analysis (DCA) to compare the clinical usefulness of the models for
decision making. The y-axis measures the net benefits. The x-axis measures the threshold probability. AUC area
under curve, CI confidence interval, eGFR estimated glomerular filtration rate, NLR neutrophil-lymphocyte
ratio, STEMI ST-segment elevation myocardial infarction.

association between continuous eGFR and 1-year mortality (Proportion mediated, 1.3%, P=0.01, Supplemental
Fig. 4).

Incremental predictive value of eGFR and NLR in 1-year mortality

For discrimination ability for 1-year mortality, Fig. 4 shows incorporating additional eGFR and NLR can
significantly improve the discriminant and reclassification indexes when compared with a model with clinical
risk factors only (C-index, 0.799 vs. 0.730, P<0.001; IDI, 0.062, P<0.001; NRI, 0.334, P<0.001). Meanwhile,
the DCA compared the net benefit of patients and confirmed its clinical utility (Fig. 4B). The predictive value of
eGEFR alone, NLR alone, and the combined eGFR + NLR index was further assessed. The ROC curves indicated
individual eGFR yielded a higher discriminant and reclassification abilities than NLR did (C-index, 0.771 vs.
0.587, P<0.001; IDI, 0.078, P<0.001; NRI, 0.405, P<0.001; Supplemental Fig. 5). However, the combined
eGFR + NLR did not significantly improve the predictive performance for 1-year mortality compared with eGFR
alone (C-index, 0.776 vs. 0.771, P=0.172; IDI, 0.002, P=0.352; NRI, 0.075, P=0.100; Supplemental Fig. 5).

Discussion

In this retrospective cohort study, we investigated the joint, interactive, and mediating effects of renal insufficiency
and admission inflammatory status on 1-year all-cause mortality following STEMI. Our results demonstrated
that even mildly decreased eGFR (60-89mL/min/1.73m?) was consistently associated with higher admission
inflammatory response and subsequent 1-year mortality, suggesting the withdrawal of kidney function and
activation of inflammatory status on admission represent pivotal markers of poor outcome in STEMI patients.
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Although no significant additive interactions were found between eGFR and NLR in relation to 1-year mortality,
inflammatory status at initial admission mediated a small but significant proportion of the association between
eGFR and mortality risk. Moreover, the inclusion of eGFR and NLR on admission improved the predictive
performance for 1-year mortality risk following STEMI. These findings underscore the crucial need for early
recognition and intensive monitoring of kidney function, even in patients with eGFR above 60 mL/min/1.73m?,
particularly in the context of STEMI.

Consistent with previous research, our findings provide additional evidence of a strong correlation between
CKD and cardiovascular disease®>?. It is well acknowledged that individuals with CKD face an elevated risk
of cardiovascular events. A previous study has reported that each 10-unit decrease in eGFR corresponded to a
hazard ratio of 1.10 for adverse cardiovascular events, particularly when eGFR falls below 80 mL/min/1.73 m>?’.
Notably, our study revealed that even mild eGFR reduction (60-89 mL/min/1.73 m?) was significantly associated
with 1-year mortality following STEMI. In line with our findings, a recent study demonstrated that even modest
reductions in renal function can increase the risk of adverse outcomes, including death, cardiovascular events,
and kidney failure in younger adults?®. These compelling findings emphasize the critical importance of proactive
monitoring and early intervention for renal function decline, even before eGFR drops below 60 mL/min/1.73 m?,
especially among STEMI patients.

The strong causal association between decreased eGFR and adverse outcomes in STEMI patients may involve
multiple pathophysiological pathways, with inflammation potentially playing a significant role. Studies have
shown that impaired renal function contributes to systemic inflammation, oxidative stress, dysregulation of
neurohormonal systems, and endothelial dysfunction, all of which can exacerbate cardiac injury, impair
myocardial function, and increase the susceptibility to adverse cardiovascular events®”?*?. Inflammation
plays a critical role in the crosstalk along the cardio-renal axis. On the one hand, CKD is recognized as a
systemic inflaimmatory condition with multiple underlying causes®. Systemic inflammation tends to increase
progressively as kidney function deteriorates. Proinflammatory factors in CKD include reduced cytokine
clearance, infections, oxidative stress, accumulation of advanced glycation end-products and toxins absorbed
in the gut, sodium overload, metabolic acidosis, insulin resistance, among others*. Moreover, increased
sympathetic activity and autonomic imbalance in CKD can further trigger and modulate inflammation through
pathways involving cytokines like interferon-y, IL-6 and IL-10, exacerbating the overall inflammatory burden?!.
Our findings further confirm that renal insufficiency is associated with elevated inflammatory status at initial
admission. On the other hand, inflammation plays a crucial role in cardiac repair and remodeling in patients with
STEMI. Proinflammatory cytokines that drive inflammatory cascades are closely associated with endothelial
function and clot formation®***. While active suppression and resolution of inflammation mediate subsequent
scar formation and cardiac repair, disproportionately prolonged and excessive inflammatory response can
lead to improper wound healing, infarct expansion, adverse post-infarction remodeling, and ultimately heart
failure! 435,

In addition, we explored the interaction between eGFR and NLR with the 1-year mortality following STEMI.
Contrary to our initial hypothesis, our results indicate no significant synergy effect between eGFR and NLR on
mortality risk, though both factors independently contribute to adverse outcomes following STEIMI?”*¢-38, This
finding adds complexity to our understanding of how eGFR and inflammation interact to influence all-cause
mortality. One possible reason for the absence of a pronounced synergy effect is that renal insufficiency may
affect the prognosis of STEMI primarily through pathways of inflammation.

Although no synergistic interaction was observed between eGFR and NLR, we identified a mediating effect
of admission inflammatory status on the association between eGFR and 1-year all-cause mortality, illuminating
the potential role of inflammation in linking renal insufficiency to adverse outcomes. Notably, even mild
renal impairment affects STEMI prognosis through pro-inflammatory mechanisms. While the magnitude of
this mediating effect was modest (1.7% and 4.5% for eGFR 60-89 mL/min/1.73m? and <60 mL/min/1.73m?2,
respectively), it suggests the intricate pathophysiological mechanisms underlying the relationship between renal
function and adverse outcomes following STEMI.

Another notable finding is that incorporating both eGFR and NLR into the predictive model may improve
predictive performance for 1-year mortality following STEMI compared with a model with clinical risk factors
alone. This suggests that eGFR and NLR can provide a convenient tool for risk stratification in patients with
STEML, helping clinicians identify high-risk individuals who may benefit from targeted interventions and closer
follow-up care. While close monitoring of kidney function is feasible, there are currently few anti-inflammatory
therapies specifically clinically effective for myocardial infarction. Although several anti-inflammatory agents
(e.g., canakinumab, pexelizumab) have been tested, they failed to conclusively confer a prognostic benefit in
patients with acute myocardial infarction'>**-4. Further work is required to establish the viability of selective
therapies targeting inflammatory response in acute myocardial infarction to mitigate the post-infarction
complications. Overall, early identification and management of renal insufficiency, along with the development
of potent anti-inflammatory agents, may help mitigate adverse effects and improve clinical outcomes in patients
with STEML

There are some limitations that need to be addressed. Firstly, due to the nature of the retrospective study, it is
subject to inherent biases and unmeasured confounding factors that could influence the observed associations.
Secondly, the generalizability of our findings may be limited to Chinese population and the specific clinical
setting in which the study was conducted. Further research involving diverse populations is warranted to validate
our findings. Thirdly, the clinical predictive model developed in this study has not yet been evaluated by external
validation though it showed a moderate-to-good accuracy (C-index 0.799). Fourth, circulating inflammatory
markers reflecting the status of inflammatory processes, such as hs-CRP, procalcitonin, and interleukin family,
were not measured in our study. Besides, we did not collect the urinary albumin-creatinine ratio and cannot
simultaneously assess the two markers of kidney function to enhance the robustness of the results. Fifth, a second
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measurement of inflammatory and renal function indicators 24 h after admission would have strengthened the
reliability of the conclusions. Future prospective studies are needed to elucidate the underlying mechanisms and
confirm the generalizability of our findings.

Overall, this study reveals that even mild renal insufficiency is consistently associated with an elevated
admission inflammatory response and increased 1-year mortality following STEMI. Additionally, inflammatory
status mediates a small but significant proportion of the association between renal insufficiency and 1-year
mortality following STEMI. Incorporating both eGFR and NLR at admission into a predictive model with
clinical risk factors significantly improves the predictability for risk of 1-year death following STEMI. Thus,
it can help identify high-risk patients who may benefit from intensive kidney function monitoring and early
adjuvant intervention after primary PCI. Moreover, the findings suggest potential benefits in developing targeted
anti-inflammatory therapies for STEMI patients with renal insufficiency.

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.
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