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Purpose: Inflammation represents a key driver of type 2 diabetes (T2DM) and is associated with major adverse cardiovascular and
cerebrovascular events (MACCEs). Residual inflammatory risk, defined as persistent inflammation despite lipid-lowering therapy,
differs from residual cholesterol risk, which refers to suboptimal lipid levels post-treatment. This study aims to evaluate the impact of
T2DM on the relationship between residual inflammatory risk, as assessed by a simple, economical, and easily measurable biomarker
—high-sensitivity C-reactive protein (hs-CRP)—and clinical outcomes in statin-treated coronary heart disease (CHD) patients with
drug-eluting stent (DES) implantation.

Patients and Methods: 8,628 individuals with CHD treated with statins and DES implantation at Fuwai Hospital were included.
Participants were first stratified according to T2DM status, and then baseline hs-CRP levels were further divided into three groups
using 1 mg/L and 2 mg/L as the cut-off points. The primary endpoint was MACCEs, defined as the composite of all-cause mortality,
myocardial infarction, stroke, and target vessel revascularization.

Results: After 2.4 years of median follow-up duration, 999 patients were defined as MACCEs, whose hs-CRP levels were
significantly higher compared to the non-MACCEs group (p = 0.007). The cohort was stratified into T2DM (n = 3,729) and Non-
T2DM (n = 4,899) groups. In full adjusted model: for the Non-T2DM group, hs-CRP > 2 mg/L remained significantly associated with
MACCESs [HR = 1.39, 95% CI (1.14-1.85), p = 0.002]. In the T2DM group, no significant association was observed [HR = 1.02, 95%
CI (0.73-1.23), p = 0.453] (p for interaction= 0.040).

Conclusion: Among CHD patients receiving contemporary statin therapy following DES implantation, higher hs-CRP levels
appeared to be associated with future MACCEs in those without T2DM, though not in T2DM patients. Hs-CRP, an important
diagnostic marker of inflammation, shows different value depending on diabetes status, revealing how diabetes and inflammation
jointly influence cardiovascular outcomes and providing clinical insights for optimizing the application of inflammatory biomarkers in
personalized cardiovascular risk stratification.

Keywords: high-sensitivity C-reactive protein, risk of residual inflammation, coronary heart disease, statin therapy, diabetes mellitus,
major adverse cardiovascular and cerebrovascular events
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Introduction

Coronary heart disease (CHD) ranks among the top global causes of mortality.' Despite the prowess of statins in slashing
low-density lipoprotein cholesterol (LDL-C) levels and high-sensitivity C-reactive protein (hs-CRP) levels, and sig-
nificantly cutting down on cardiovascular incidents, there is still a concerning chunk of patients who linger in the danger
zone for heart issues, even after undergoing statin treatment. Residual cardiovascular risk refers to the persistent risk of
cardiovascular events that patients with CHD continue to face even after receiving standard treatments.” In recent years,
residual inflammatory risk (often reflected by hs-CRP—a simple, cost-effective, and easily measurable inflammatory
biomarker) has gained considerable attention as a significant contributor to the ongoing cardiovascular risks faced by
patients with CHD following statin treatment, differs from residual cholesterol risk, which refers to suboptimal lipid
levels post-treatment.’ Although statins can reduce hs-CRP levels in many patients, a significant proportion still exhibit
persistently elevated hs-CRP concentrations even after achieving guideline-recommended LDL-C targets.* And study has
demonstrated that baseline hs-CRP levels are related to future cardiovascular events in statin-treated CHD patients.’
Therefore, exploring whether hs-CRP can effectively predict major adverse cardiovascular and cerebrovascular events
(MACCES) in the context of statin therapy, especially the prognostic value of different metabolic states (eg, diabetes)
remains a key question in current research.

Type 2 diabetes mellitus (T2DM), as an important risk factor for CHD, is strongly associated with a chronic low-
grade inflammatory state.® Individuals with T2DM often exhibit elevated hs-CRP levels and an increased likelihood of
experiencing cardiovascular complications.® Moreover, diabetes-related inflammation involves multiple pathways.”*
This diabetes-specific chronic low-grade inflammation may alter the effect of statins on hs-CRP. However, it has not
been definitively verified whether patients with T2DM and CHD can accurately predict residual cardiovascular risk with
hs-CRP after statin therapy. Some studies suggest that the prognostic role of hs-CRP may be weakened due to higher
levels of inflammation in patients with T2DM.? Other studies have suggested that hs-CRP has significant prognostic
value despite a strong inflammatory response in patients with T2DM.'® Thus, it remains unclear whether diabetes
modifies the prognostic value of hs-CRP. This study focuses on residual inflammatory risk by evaluating the role of hs-
CRP in CHD patients undergoing statin therapy and DES implantation. Specifically, it explores how T2DM influences
the relationship between hs-CRP and MACCEs.

Patients and Methods

Study Design

This research involved 10,724 CHD patients who received percutaneous coronary intervention (PCI) at Fuwai Hospital,
Chinese Academy of Sciences, from January to December 2013.""'* The following patients were excluded: (1) not on
statin therapy; (2) age < 18 years; (3) missing crucial baseline data, including hs-CRP, lipoprotein(a) [Lp(a)], glycated
hemoglobin Alc (HbAlc), white blood cell, and left ventricular ejection fraction (LVEF); (4) no drug-eluting stent (DES)
implantation; (5) with tumor, infection, impaired liver and kidney. Finally, 8628 patients were included in the study
(Figure 1). The research adhered to the principles outlined in the Declaration of Helsinki and received approval from the
Institutional Review Board at Fuwai Hospital. Prior to the intervention, all participants gave their informed written
consent for ongoing follow-up.

Clinical Endpoints and Definitions

Evaluate the clinical condition of patients at 1, 6, and 12 months intervals, and subsequently on an annual basis through
either outpatient appointments or telephone consultations. The primary endpoint is MACCEs, defined as the composite of
all-cause mortality, myocardial infarction (MI), stroke, and target vessel revascularization (TVR). All-cause mortality is
defined as death from any cause, whether cardiac or non-cardiac. MI was determined based on clinical and laboratory
parameters, according to the third universal definition of MI (utilizing hs-cTn for the diagnosis of MI)."* TVR is defined
as any repeated revascularization of any part of the target vessel. This encompassed both planned and unplanned
revascularization procedures. Stroke is characterized as a neurological impairment, which can either be ischemic or
hemorrhagic (transient ischemic attacks were excluded from the stroke definition within the primary endpoint of
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10,724 patients underwent PCI from 2,013
January to December and received routine
follow-up after discharge

Excluded patients with:

1. Not on statin therapy (N=439)

2. Age<18 (N=1)

I— 3. Missing crucial baseline data, including hsCRP,
Lp(a), HbA1c, WBC and LVEF (N= 1188)

4. No DES implantation (N= 416)

5. Tumor or infection (N=31)

6. Impaired liver and kidney function (N=21)

\ /

8,628 patients were
included in this study

\ 4 4
T2DM Non-T2DM
(N=3729) (N=4899)
Y
<1 mg/L >1 & <2 mg/L >2 mg/L <1 mg/L >1 & <2mg/L >2 mg/L
(N=1106) (N=942) (N=1681) (N=1695) (N=1303) (N=1901)

Figure | Study flowchart.
Abbreviations: HbAIc, hemoglobin Alc; hsCRP, high-sensitivity C-reactive protein; Lp(a), lipoprotein(a); DES, drug eluting stent, LVEF, left ventricular ejection fraction;
PCI, percutaneous coronary intervention; T2DM, type 2 diabetes mellitus; WBC, white blood cells.

MACCEs),">'¢ as assessed by a neurologist through imaging techniques. Each incident was evaluated by two seasoned
cardiologists who were not privy to the details of this study. Any discrepancies in their assessments were addressed by
seeking the opinion of a third knowledgeable cardiologist. The risk of residual inflammation was based on baseline hs-
CRP > 2mg/L.> Additionally, a recent single-center cohort study from JACC Asia suggested that hs-CRP level >1 mg/L
may be more suitable for assessing the association with MACCEs after PCI than the traditional residual inflammatory
risk threshold of hs-CRP >2 mg/L."” The threshold of 1mg/L has also been supported in exploratory studies of other
Asian cohorts.'®?° Based on this, this study categorized hs-CRP into three groups: <1 mg/L, >1 mg/L <2 mg/L, and
>2 mg/L, for further investigation. T2DM was diagnosed based on HbAlc level > 6.5% or a previous diagnosis of T2DM
confirmed by the use of antidiabetic medication.*'

Statistical Analysis

The Kolmogorov—Smirnov test was employed to assess whether the data followed a normal distribution. To analyze
quantitative variables, the Mann—Whitney U-test was applied. Additionally, a chi-square test was conducted to investi-
gate qualitative variables. In analyzing the data, continuous variables were presented as the mean + standard deviation
(SD) or the median along with the interquartile range (IQR) spanning the 25th to the 75th percentile. Statistical
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comparisons were conducted through the application of the ¢-test. Categorical variables were summarized as frequency
with percentage. The MACCE:s risk in each group was represented by Kaplan-Meier survival curves and compared using
the Log rank test. Univariate Cox regression, multivariate Cox regression, and Least Absolute Shrinkage and Selection
Operator (LASSO) regression were used to select covariates. Collinearity analysis was performed to observe the degree
of correlation between covariates. The final covariates included in the model were: age, body mass index (BMI),
bifurcation lesions, beta-blockers, calcium channel blockers (CCB), glycoprotein IIb/Illa antagonists, HbAlc, hyperten-
sion, LDL-C, left main (LM)/three-vessel disease, previous coronary artery bypass grafting (CABG), previous PCI,
previous stroke, previous MI, sex, smoking status, syntax score, and WBC count. Cox regression analyses were
performed to assess the prognostic value of hs-CRP for MACCE:s in different populations of CHD with different
diabetes statuses from which hazard ratio (HR) and 95% confidence intervals (95% CI) were calculated. The Schoenfeld
residual test examines the validity of the proportional hazards assumption. RCS analysis was conducted to more
comprehensively assess the association between hs-CRP levels and MACCE risk. Sensitivity analyses included:
incorporating patients without DES implantation in the study population for COX analysis; performing COX analysis
with hs-CRP using a cutoff of 2 mg/L; conducting COX analysis in combination with LDL-C. Subgroup analysis was
performed stratified by HbAlc. Analyses of this study mainly relied on R (version 4.4.2) and SPSS version 26.0 (IBM
Corporation, Armonk, NY). All tests were two-sided with a significance level of 0.05.

Results

Baseline Characteristics

The research encompassed 8,628 patients undergoing statin therapy for CHD, with a median age of 59 years [IQR:
51-65]. Among these participants, 77.2% were male. The average follow-up period lasted 2.4 years [IQR: 2.2-2.6].
Figure 1 provides a visual representation of the selection process for the study population. Table S1 presents the initial
attributes of subjects categorized based on MACCEs during the observation period. Among the 7,629 patients who
did not experience MACCEs and the 999 who did, those in the MACCESs group exhibited markedly higher rates of
T2DM (48.1% compared to 42.6%, p < 0.001) and hypertension (67.6% versus 63.7%, p = 0.016) than their non-
MACCEs counterparts. Furthermore, both white blood cell counts and hs-CRP levels were significantly elevated in
the MACCEs group (p = 0.002 and p = 0.007, respectively). The administration of glycoprotein IIb/IIla antagonists
was also more prevalent among patients experiencing MACCEs (p < 0.001). Notably, there were significant
disparities in coronary artery features and treatment-related variables, such as the extent of coronary calcification
(»p = 0.003), the existence of bifurcation lesions (p = 0.004), and Syntax score (p < 0.001) between the two
populations.

A deeper examination categorized the cohort based on the presence of T2DM and levels of hs-CRP (Table S2 and
Table 1). Patients without T2DM were notably younger (p < 0.001) and had a greater percentage of males (p < 0.001),
along with lower BMI (p < 0.001) and reduced rates of hypertension (p < 0.001) and hyperlipidemia (p < 0.001). In
contrast, those in the T2DM group displayed significantly elevated WBC counts (p < 0.001) and hs-CRP levels (p <
0.001), indicating that individuals with diabetes tend to experience both heightened inflammatory reactions and more
significant difficulties in managing blood glucose levels. Furthermore, this group showed increased usage of calcium
channel blockers (p < 0.001) and beta-blockers (p < 0.001). The severity of coronary artery disease was also exacerbated
in the T2DM group, which exhibited a higher occurrence of LM/three-vessel disease, coronary calcification, and elevated
Syntax scores (p < 0.001, p = 0.014, and p < 0.001, respectively). Table S3 presents a comparison of baseline
characteristics between DES-implanted patients including non-statins-treated people and included patients in the study.
The hs-CRP levels in this group ranged from 1.59 [0.81, 3.52] mg/L. In the sample after excluding statin-treated
individuals (n=8,624), the hs-CRP levels ranged from 1.58 [0.80, 3.52] mg/L, with no statistically significant difference
between the two groups (p=0.657). Table S4 presents a comparison of baseline characteristics between patients excluded
due to missing data and patients included in the study. No systematic differences were found between patients with

missing data and those included.
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Table | Baseline Characteristics Stratified by T2DM and hs-CRP

Variables T2DM (n=3729) Non-T2DM (n=4899) p Value

hs-CRP Group (mg/L)

<l (n=1106) 21 and <2 (n=942) >2 (n=1681) <l (n=1695) 21 and <2 (n=1303) >2 (n=1901)
Baseline characteristics
Age 60.00[53.00,67.00] 59.00[52.00,66.00] 59.00[52.00,66.00] 57.00[50.00,64.00] 58.00[50.00,65.00] 58.00[50.00,65.00] <0.001
Male 862(77.9) 715(75.9) 1201(71.4) 1337(78.9) 1028(78.9) 1520(80.0) <0.001
BMI, kg/m? 25.51[23.66,27.44] 26.22[24.22,28.58] 26.51[24.47,28.69] 24.98[23.03,27.04] 25.95[23.88,27.69] 25.95[23.88,27.78] <0.001
Smoking status 576(52.1) 530(56.3) 967(57.53) 912(53.81) 771(59.17) 1159(60.97) <0.001
COPD 24(2.17) 17(1.81) 48(2.856) 29(1.71) 26(2.00) 57(3.00) 0.061
Hyperlipidemia 787(71.16) 694(73.67) 1221(72.64) 1060(62.54) 839(64.39) 1192(62.70) <0.001
Hypertension 731(66.10) 652(69.21) 1211(72.04) 927(54.69) 820(62.93) 1193(62.76) <0.001
Previous stroke 128(11.57) 115(12.21) 224(13.33) 138(8.14) 104(7.98) 186(9.78) <0.001
Previous Ml 271(24.50) 191(20.28) 320(19.04) 349(20.596) 79(6.06) 118(6.21) 0.001
Previous PCI 326(29.48) 253(26.86) 360(21.42) 410(24.19) 248(19.03) 311(16.36) <0.001
Previous CABG 65(5.88) 44(4.67) 75(4.46) 58(3.42) 38(2.92) 71(3.74) 0.003
Laboratory tests
Platelet count, (1079/L) 189.00[157.00,222.00] | 199.00[167.00,234.00] 211.00[177.00,249.00] 193.00[ 1 64.00,228.00] 199.00[170.00,234.00] 211.00[177.00,250.00] <0.001
Hemoglobin, g/L 144.00[134.00,154.00] | 144.00[134.00,154.00] 142.00[131.00,153.00] 145.00[135.00,155.00] 145.00[ 135.00,155.00] 143.00[132.0,153.00] <0.001
WBC count, (1079/L) 6.13[5.23,7.18] 6.62[5.70,7.69] 7.13[6.03,8.35] 5.97[5.09,6.93] 6.39[5.45,7.47] 6.86[5.78,8.09] <0.001
HbAlc, % 6.90[6.60,7.90] 7.20[6.60,8.20] 7.30[6.70,8.40] 5.90[5.60,6.10] 5.90[5.70,6.10] 5.90[5.70,6.20] <0.001
hs-CRP, mg/L 0.59[0.37,0.78] 1.43[1.20,1.69] 4.27[2.77,8.93] 0.55[0.33,0.78] 1.40[1.18,1.66] 4.37[2.77,9.25] <0.001
TC, mmol/L 3.74[3.25,4.50] 4.06[3.48,4.88] 4.21[3.55,5.08] 3.85[3.27,4.58] 4.07[3.47,4.76] 4.22[3.59,4.88] <0.001
LDL-C, mmol/L 2.13[1.71,2.72] 2.34[1.88,2.99] 2.49[1.96,3.20] 2.18[1.73,2.82] 2.34[1.90,3.02] 2.51[2.02,3.11] <0.001
HDL-C, mmol/L 1.02[0.87,1.21] 0.99[0.85,1.15] 0.94[0.80,1.11] 1.07[0.90,1.28] 1.01[0.85,1.19] 0.96[0.81,1.13] <0.001
Lp(a), mg/L 155.09[64.00,385.25] 184.54[70.26,413.83] 193.51[82.21,411.78] 158.89[71.64,367.22] 167.99[70.43,392.8] 225.75[101.61,474.84] <0.001
Creatinine, umol/L 74.48[65.05,87.00] 75.29[65.66,88.00] 75.56[65.54,88.57] 74.92[66.26,84.55] 75.26[66.58,86.01] 76.94[67.38,89.23] 0.002
LVEF, % 64.00[60.00,68.00] 64.00[60.00,67.00] 63.00[60.00,67.00] 65.00[60.10,68.00] 64.00[60.00,68.00] 63.00[60.00,67.20] <0.001
Medications
DAPT 1074(97.1) 926(98.3) 1657(98.6) 1640(96.8) 1280(98.2) 1855(97.6) 0.003
CCB 558(50.4) 475(50.4) 898(53.4) 816(48.1) 634(48.7) 852(44.8) <0.001
Nitrate 1079(97.6) 923(98.0) 1652(98.3) 1666(98.3) 1275(97.9) 1870(98.4) 0.609
Beta-blockers 1015(91.8) 868(92.1) 1560(92.8) 1497(88.3) 1152(88.4) 1716(90.3) <0.001
Glycoprotein llb/llla antagonists 196(17.7) 144(15.3) 270(16.1) 263(15.5) 201(15.4) 306(16.1) 0.634
Coronary procedural data
LM/three-vessel disease 554(50.1) 463(49.2) 873(51.9) 620(36.6) 564(43.3) 785(41.3) <0.001
Bifurcation lesions 179(16.2) 158(16.8) 275(16.4) 277(16.3) 239(18.3) 323(17.0) 0.692
Moderate to severe calcification 171(15.5) 159(16.9) 260(15.5) 243(14.3) 190(14.6) 249(13.1) 0.113
Chronic total occlusion 102(9.2) 71(7.5) 101(6.0) 105(6.2) 94(7.2) 151(7.9) 0.012
Number of treated vessels 1.00[1.00,2.00] 1.00[1.00,2.00] 1.00[1.00,2.00] 1.00[1.00,2.00] 1.00[1.00,2.00] 1.00[1.00,2.00] <0.001
Number of stents 2.00[1.00,2.00] 2.00[1.00,3.00] 2.00[1.00,3.00] 2.00[1.00,2.00] 2.00[1.00,2.00] 2.00[1.00,2.00] <0.001
Syntax score 10.00[5.50,17.00] 10.00[6.00,17.00] 11.00[6.00,17.00] 9.00[5.00,15.00] 10.00[6.00, 16.00] 10.00[6.00,17.00] <0.001

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CCB, calcium channel blockers; COPD, chronic obstructive pulmonary disease; DAPT, dual antiplatelet therapy; HbAIc, hemoglobin Alc; hs-CRP, high-
sensitivity C-reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); LM, left main; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI,
percutaneous coronary intervention; PVD, peripheral vascular disease; TC, total cholesterol; T2DM, type 2 diabetes mellitus; WBC, white blood cells.
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Prognostic Association of hs-CRP for MACCEs in T2DM and Non-T2DM Groups

Kaplan-Meier survival analysis revealed significant differences in MACCEs incidence across hsCRP categories in the
Non-T2DM group (Log-rank p = 0.011) (Figure 2A), but no significant differences were observed in the T2DM group
(Log-rank p = 0.310) (Figure 2B). Next, the research delved into the influence of a variety of clinical and lab factors on
MACCEs through a univariate Cox regression analysis, as detailed in Table S5. Those variables that did not exceed the
significance threshold of p < 0.20 were then subjected to a more rigorous examination via the LASSO regression
technique, as depicted in Figure S1. The 20 variables selected by LASSO regression were then incorporated into the
multivariate Cox regression, with the results presented in Table S6. Then, based on multivariate Cox regression, clinical
relevance, and literature review, the following variables for inclusion in further study were selected: age, BMI,
bifurcation lesions, beta-blockers, CCB, glycoprotein IIb/Illa antagonists, HbAlc, hypertension, LDL-C, LM/three-
vessel disease, previous CABG, previous PCI, previous stroke, previous MI, sex, smoking status, Syntax score, and
WBC count. Collinearity analysis showed that the variance inflation factor (VIF) for all covariates was below 5 (Figure
S2), indicating no significant multicollinearity in the model.

Table 2 presents the findings from the unadjusted Cox regression analysis. In the Non-T2DM cohort, individuals with
a hs-CRP level of 2 mg/L or higher faced a notably greater chance of experiencing MACCEs than those with levels
below 1 mg/L [HR = 1.36, 95% CI (1.11-1.67), p = 0.003]. However, the T2DM group did not exhibit a significant rise
in MACCEs risk at the 2 mg/L threshold [HR = 0.98, 95% CI (0.79—1.21), p = 0.835], as opposed to levels below 1 mg/
L. In the three models adjusted for covariates, the results remained consistent (Table 2). Specifically, In Adjusted model
1, in the Non-T2DM group, the risk of MACCEs jumped in the 2 mg/L or higher hs-CRP group versus those under 1 mg/
L [HR =1.30, 95% CI (1.05-1.61), p = 0.017]. For the T2DM group, no significant link was found [HR = 0.92, 95% CI
(0.73-1.15), p = 0.459]. The analysis of the interaction between hs-CRP and T2DM status using the Cox model resulted
in a p-value of 0.048, implying that the prognostic association between hs-CRP and MACCEs differed significantly in
patients with and without T2DM. To further validate this effect, we assessed the heterogeneity of hs-CRP across different
diabetic statuses using the Q-test. The results showed Q = 4.80, p = 0.028, I> = 79.6%, indicating a significant difference
in the association between hs-CRP and MACCE risk between the two groups. In full adjusted model (Adjusted model 3),
for the Non-T2DM group, hs-CRP > 2 mg/L remained significantly associated with MACCEs [HR = 1.39, 95% CI
(1.14-1.85), p = 0.002]. In the T2DM group, no significant association was observed [HR = 1.02, 95% CI (0.73-1.23),

A B
Strata <1 = 2182 =+ 2 Strata <l = 2182 &+ 22
1.00] 1.00 T ——
,:, s s . 0™
2 0.751 5075
@ @
3 2
g 0.50 £ 0.501
\ w
g 8
Q025 0251
g p=0.011 ‘2‘ p =031
0.001 0001 . . , v
0 250 500 750 1000 0 250 500 750 1000
Follow-up (days) Follow-up (days)
Number at risk Number at risk
% 1695 1637 1573 1543 59 *g 1106 1084 1008 9717 2
- = | 1303 1252 1193 1168 78 - - 942 892 042 810 8
6 | 1901 1814 1727 1877 127 5 | 1681 1596 1528 1481 9
0 250 500 750 1000 0 250 500 750 1000
Follow-up (days) Follow-up (days)

Figure 2 Kaplan—Meier analysis for MACCEs outcomes according to different hs-CRP levels in Non-T2DM and T2DM. (A) Kaplan—Meier analysis for MACCEs outcomes
according to different hs-CRP levels in Non-T2DM group; (B) Kaplan—Meier analysis for MACCEs outcomes according to different hs-CRP levels in T2DM group.
Abbreviation: hs-CRP, high-sensitivity C-reactive protein; T2DM, type 2 diabetes mellitus; MACCE, major adverse cardiovascular and cerebrovascular event.
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Table 2 Prognostic Association of the hs-CRP for MACCEs with and without T2DM in Cox

Regression Analyses for MACCEs

hs-CRP Group (mg/L) | Non-T2DM (n=4899) | p Value | T2DM (n=3729) | p Value
HR (95% CI) HR (95% CI)
Unadjusted
<l Reference NA Reference NA
[1,2) 1.15 (0.91-1.45) 0.243 1.15 (0.91-1.46) 0.248
22 1.36 (1.11-1.67) 0.003 0.98 (0.79-1.21) 0.835
p for trend 0.003 0.713
?Adjusted model |
<I Reference NA Reference NA
[1,2) 1.13 (0.89-1.43) 0.316 1.13 (0.89-1.44) 0312
22 1.30 (1.05-1.61) 0.017 0.92 (0.73-1.15) 0.459
p for trend 0.016 0.353
®Adjusted model 2
<l Reference NA Reference NA
[1,2) 1.14 (0.91-1.45) 0.243 1.15 (0.91-1.46) 0.248
22 1.36 (1.11-1.67) 0.003 0.98 (0.63-1.13) 0.835
p for trend 0.003 0.713
“Adjusted model 3
<I Reference NA Reference NA
[1,2) 1.16 (0.93-1.48) 0.178 1.15 (0.92—1.46) 0.237
22 1.39 (1.14-1.85) 0.002 1.02 (0.73-1.23) 0.453
p for trend 0.001 0.534

Notes: T2DM: hs-CRP<Img/L: n=1106; hs-CRP [1,2) mg/L: n=942; hs-CRP 22 mg/L: n=1681; Non-T2DM: hs-
CRP<Img/L: n=1695; hs-CRP [l,2) mg/L: n=1303; hs-CRP 22 mg/L: n=1901; ?Adjusted model I: Age, BMI,
Bifurcation lesions, Glycoprotein llb/llla antagonists, HbAlc, Hypertension, LM/three-vessel disease, Previous CABG,
Previous PCI, Previous stroke, Previous MI, Sex, Smoking status, Syntax score, WBC count. p for interaction for the
risk of MACCEs: hsCRP and T2DM status (T2DM or Non-T2DM) = 0.048. I’Adjus':ed model 2: model |+ LDL-C. p for
interaction for the risk of MACCEs: hsCRP and T2DM status (T2DM or Non-T2DM) = 0.043. “Adjusted model 3:
model 2+ Beta-blockers and CCB. p for interaction for the risk of MACCEs: hsCRP and T2DM status (T2DM or Non-
T2DM) = 0.040.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; CCB, calcium channel blockers; DES,
drug eluting stent; HbAlc, hemoglobin Alc; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein
cholesterol; LM, left main; MACCEs, major adverse cardiovascular and cerebrovascular events; MI, myocardial infarc-
tion; PCI, percutaneous coronary intervention; T2DM, type 2 diabetes mellitus; WBC, white blood cell.

p = 0.453]. The p-value for interaction between hs-CRP and T2DM status was 0.040. The Schoenfeld residual test
confirmed that the proportional hazards assumption of the Cox model holds (all covariates p > 0.05). After adjusting for
covariates, the results showed a nonlinear relationship between hs-CRP and MACCE risk in the Non-T2DM group (P for
non-linearity = 0.043, P for overall = 0.032) (Figure S3A). In the T2DM group, no significant nonlinear relationship was
observed (P for non-linearity = 0.906, P for overall = 0.869) (Figure S3B).

Several sensitivity analyses were conducted. First, we performed a COX analysis in the population that did not
exclude individuals who did not receive DES. The inclusion and exclusion criteria remained the same as before, except
for not excluding those who did not receive DES, ultimately including 9,030 patients (Non-T2DM: n=5,050; T2DM:
n=3,980). Cox regression results were consistent with our primary findings. In the fully adjusted model (Adjusted
model 3), hs-CRP >2 mg/L was associated with increased MACCE risk in Non-T2DM patients [HR=1.37, 95% CI
(1.14-1.67), p=0.008], but not in T2DM patients [HR=1.02, 95% CI (0.82-1.21), p=0.791]. The analysis of the
interaction between hs-CRP and T2DM status using the Cox model resulted in a p-value of 0.037. Full results are
presented in the revised manuscript (Table S7). The Schoenfeld residual test confirmed that the proportional hazards
assumption of the Cox model holds (all covariates p > 0.05). Second, we conducted a sensitivity analysis using 2 mg/L as
the threshold (Table S8). Patients with hs-CRP > 2 mg/L had a significantly higher risk of MACCEs compared to those
with hs-CRP < 2 mg/L across all models in Non-T2DM Group. No significant association was observed between hs-CRP
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>2 mg/L and MACCEs in T2DM Group. The interaction between hs-CRP and T2DM status remained statistically
significant (p for interaction = 0.014 in Adjusted model 3), consistent with our primary findings using the three-group
categorization. Third, we supplemented the COX analysis results based on risk stratification combining LDL-C + hs-
CRP. The results showed that the combined classification of LDL-C and hs-CRP did not have a statistically significant
effect on MACCEs risk stratification (Table S9). Additionally, we have added subgroup analyses based on HbAlc levels
(Table S10): for the HbA1c<6.5% (n=5658) group, hs-CRP > 2 mg/L remained significantly associated with MACCEs
[HR = 1.26, 95% CI (1.04—-1.54)]. In the 6.5% < HbAlc < 7% (n=958) and HbAlc > 7.0% (n=2012) group, no
significant association was observed [HR = 0.74, 95% CI (0.44-1.19); HR =0.90, 95% CI (0.63—1.05)]. The p-value for
interaction between hs-CRP and T2DM status was 0.037.

Discussion

This large-scale prospective observational cohort study sought to explore the association between hs-CRP as an indicator
of residual inflammation related to MACCEs in individuals with CHD who are undergoing statin treatment and DES
implantation, paying special attention to the influence of diabetes status. The study found that hs-CRP > 2 mg/L
significantly related with MACCEs in Non-T2DM patients with CHD. In contrast, hs-CRP has a limited association
with MACCEs in patients with T2DM, which suggests that hs-CRP alone may be insufficient, and alternative or
complementary inflammatory biomarkers for risk stratification in T2DM patients should be explored.

Residual cardiovascular risk refers to the persistent risk of cardiovascular events that patients with CHD continue to
face even after receiving standard treatments, such as statin-based lipid-lowering therapy and interventional procedures.”
Such risks typically span multiple dimensions, with the most extensively studied being residual cholesterol risk (ie,
failure to achieve target lipid levels, such as LDL-C, despite statin therapy) and residual inflammatory risk (often
reflected by hs-CRP).? Large-scale clinical trials have demonstrated that statins can exert anti-inflammatory effects by
reducing hs-CRP levels. For example, the JUPITER trial enrolled 17,802 participants with no history of cardiovascular
disease, normal LDL-C levels (<130 mg/dL), but elevated hs-CRP levels (>2 mg/L).** It found that the median hs-CRP
level in the rosuvastatin (20 mg/d) treatment group significantly decreased from a baseline of 4.2 mg/L to 1.8 mg/L
(»<0.001), while the risk of major cardiovascular events was reduced by 44%.?> However, although statins can reduce hs-
CRP, studies indicate that residual inflammatory risk persists. A significant proportion of patients still exhibit persistently
elevated hs-CRP levels even after achieving the LDL-C targets recommended by guidelines.* An analysis estimated that
nearly 30% of patients receiving statin therapy, despite having LDL-C levels below 70 mg/dL, still had hs-CRP levels of
2 mg/L or higher.”® The LoDoCo2 study,** which included 5,522 patients with chronic coronary artery disease, all on
statin therapy with well-controlled LDL-C (median 1.8 mmol/L) but a median hs-CRP of 1.6 mg/L, found that adding
low-dose colchicine (0.5 mg/d) significantly reduced the risk of cardiovascular events (HR=0.69, 95% CI: 0.57-0.83,
p<0.001). This result indicates that residual inflammatory risk persists despite statin therapy, and additional benefits can
be obtained by targeting other pathways of inflammation. Additionally, a collaborative analysis by Ridker et al included
31,245 statin-treated patients from three trials: PROMINENT, REDUCE-IT, and STRENGTH.’ The results demonstrated
that baseline hs-CRP levels were a significant prognostic factor of future major adverse cardiovascular events (MACE),
cardiovascular death, and all-cause mortality. The adjusted HR increased significantly with higher hs-CRP quartiles
(p-trend < 0.001). This indicates that elevated hs-CRP levels remain associated with a high risk of MACE in statin-
treated CHD patients. Therefore, investigating hs-CRP as a residual inflammatory risk during statin therapy will help
optimize clinical medication. This study focuses on residual inflammatory risk by evaluating the role of hs-CRP—a
simple, cost-effective, and easily measurable inflammatory biomarker—in CHD patients undergoing statin therapy and
DES implantation. Specifically, it explores how T2DM influences the relationship between hs-CRP and MACCEs.

What is the biological mechanism behind the lack of association between hs-CRP and MACCEs in T2DM patients
found in this study? There are three possible reasons. First, since T2DM patients are already in a state of chronic
inflammation, hs-CRP may reach a “plateau phase”, where further increases fail to reflect additional risk signals. This
saturation effect could weaken the sensitivity of hs-CRP as a prognostic marker for acute inflammation or cardiovascular
events. Moreover, endothelial dysfunction, chronic immune system activation, and metabolic disorders (such as hyper-
glycemia and insulin resistance) present in T2DM patients may amplify inflammatory responses,®*’ thereby affecting the
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prognostic value of hs-CRP in this population. Secondly, the anti-inflammatory effects of statins may be partially offset
in T2DM. Although there is currently a lack of systematic studies directly comparing the hs-CRP-lowering effects of
statins between diabetic and non-diabetic patients, based on biological mechanisms, we hypothesize that diabetes-related
inflammation involves multiple pathways,”* which extend beyond the scope of statins’ primary anti-inflammatory action
via the 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR) pathway. Moreover, the hyperglycemic state in
diabetic patients exacerbates oxidative stress,”® while the antioxidant capacity of statins is limited. Additionally, statins
can impair insulin sensitivity and increase insulin resistance.” ® This may counteract some of the beneficial effects of
statins, including their anti-inflammatory properties. Thirdly, the dominant role of other pathological mechanisms in
T2DM surpasses the contribution of inflammation alone. Studies consistently indicate that T2DM is associated with
increased platelet activation and reactivity.?” This heightened platelet activity may be driven by various factors such as
hyperglycemia, insulin resistance, and metabolic abnormalities.”” Activated platelets can promote thrombus formation,
accelerate the progression of atherosclerosis, and contribute to plaque instability and rupture, thereby leading to acute
coronary syndrome (ACS) and MACCEs.?” A study found that in patients with T2DM and CHD receiving dual
antiplatelet therapy, high platelet reactivity was associated with an increased risk of long-term adverse cardiovascular
events.”® Additionally, patients with T2DM exhibit various abnormalities in the coagulation system, leading to a chronic
hypercoagulable state, which also increases the risk of thrombosis.>” Although inflammatory and thrombotic pathways
are interconnected, the direct prothrombotic effects of enhanced platelet reactivity and coagulation abnormalities in
T2DM represent significant non-inflammatory mechanisms contributing to plaque instability, which may operate
independently of hs-CRP levels.*°

It is noteworthy that other inflammatory biomarkers, such as interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a),
and fibrinogen, may provide additional prognostic advantages in patients with T2DM. Elevated serum IL-6 levels can
predict long-term cardiovascular events in various patient populations, including high-risk individuals undergoing
coronary angiography and those with stable coronary artery disease.”’ Particularly in diabetic patients, elevated IL-6
levels are associated with an increased risk of major cardiovascular events such as MI, stroke, and cardiovascular death.’!
It is noteworthy that the study by Shinohara et al*> demonstrated that elevated IL-6 levels independently predict the
incidence of cardiovascular events in T2DM patients without comorbid structural heart disease. Furthermore, studies
consistently demonstrate that serum TNF-a levels are significantly elevated in patients with T2DM compared to those
with prediabetes and healthy control groups.®> Research indicates a positive correlation between TNF-a levels and

glycemic markers such as fasting blood glucose and HbA 1¢ in T2DM patients.** Research by Jabber et al**

also reported
that patients with both cardiovascular disease and diabetes had higher TNF-a levels compared to those with diabetes
alone and the healthy control group, suggesting an association between this marker and the coexistence of CHD in
diabetic patients. Fibrinogen is a key protein in the blood that plays a central role in the coagulation process, and as an
acute-phase reactant, it can indicate the presence of inflammation.>> Research indicates that elevated fibrinogen levels are
associated with increased complexity of coronary artery anatomy and patients with T2DM show a significantly higher
incidence of MACCEs after PCL.*> A large cohort study further confirmed that in CHD patients undergoing PCI,
fibrinogen levels are independently associated with long-term all-cause mortality and cardiac mortality, with this
association being particularly pronounced in individuals with diabetes and prediabetes.’® Future research should focus
on evaluating the potential of these alternative inflammatory markers, either used alone or in combination with hs-CRP
and other clinical parameters, to improve the prediction of cardiovascular event risks in patients with T2DM and CHD
undergoing statin therapy.

Several studies have specifically investigated how the presence of T2DM influences the prognostic value of hs-CRP
in statins-treated patients with CHD. Notably, some findings align with the current study, revealing differential associa-
tions based on diabetic status.’ In a study conducted by Luigi M. Biasucci and colleagues, 251 individuals with ACS
were enrolled, comprising 193 without diabetes and 58 with diabetes.” Within the group of ACS patients diagnosed with
T2DM, hs-CRP levels did not correlate with cardiovascular events over a one-year follow-up period. However, in Non-
T2DM patients, hs-CRP levels were closely associated with 1-year cardiovascular events (p = 0.0012). Meisinger,
C. et al, found similar results in an acute MI population (1,124 nondiabetic and 461 diabetic patients with a follow-up
period of 28 days).>® Nonetheless, the two investigations were hampered by a limited sample size and a brief follow-up
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period, which curtailed the capacity to gauge the enduring prognostic value of hs-CRP in T2DM patients. It is
noteworthy that our study involved a larger sample size (n=8628) and a longer follow-up period (2.4 years), arriving
at conclusions similar to those of these two studies—hs-CRP does not appear to have a sufficiently strong association
with the risk of cardiovascular events in diabetic patients. Additionally, Shahnam Sharif et al conducted a study with
1,679 T2DM patients and discovered that hs-CRP levels did not correlate with cardiovascular events in this population.®
Additionally, research on patients with triple-vessel disease (TVD) undergoing PCI with DES found that elevated hs-CRP
was an independent predictor of long-term MACCEs in T2DM patients, but no such association was observed in non-
diabetic individuals.'® This suggests that in the context of severe CHD requiring revascularization, the prognostic
significance of hs-CRP may differ between diabetic and non-diabetic patients, reinforcing the view that diabetes may
indeed alter the relationship between hs-CRP and cardiovascular outcomes. Lucci et al found that hs-CRP predicted
hospitalization prognosis and two-year mortality in patients with acute MI with or without diabetes.*® However, lower
hs-CRP thresholds were more effective in for assessing the association with mortality risk in nondiabetic patients than in
diabetic patients.*® Therefore, while patients with T2DM tend to have higher levels of hs-CRP, this biomarker may not be
as crucial for assessing the association with cardiovascular disease risk in individuals with diabetes compared to those
without.

However, studies have shown that elevated hs-CRP levels are associated with cardiovascular events in patients with
T2DM,'**? which is inconsistent with our findings. This discrepancy may be partly due to differences in the definition of
composite endpoint events and partly attributable to variations in the characteristics of the included populations (such as
the influence of medication and the effects of diabetes treatment). For example, the population in this study received
statin therapy, whereas Lei Guo et al° did not report the medication status of their patients. Given that statins and other
medications can affect hs-CRP levels,*' differences in medication use among different populations may lead to
inconsistent results. Additionally, an unexpected finding from one study—that elevated hs-CRP may have a protective
effect in non-diabetic ACS patients after PCI**—contradicts the general understanding of hs-CRP as a risk marker and
warrants further investigation. The specific inflammatory environment during the acute phase of coronary events may be
differentially regulated by diabetes, which could partly explain this observation. The current study focuses on populations
receiving modern statin therapy and DES implantation, which may partially account for the discrepancies observed in
studies employing different treatment regimens or older-generation stents. The study also confirmed that in T2DM
patients, hs-CRP levels are closely related to the degree of blood glucose control. Moreover, diabetic patients with CHD
generally have higher hs-CRP levels than non-diabetic CHD patients.** This indicates that for individuals with diabetes,
hs-CRP may primarily reflect the systemic inflammatory burden associated with their metabolic abnormalities.** The
heterogeneity of these findings highlights the complexity of the relationship between inflammation, diabetes, and
cardiovascular outcomes in CHD patients undergoing PCI with DES. Factors such as differences in study design, patient
characteristics (eg, ACS vs stable angina), duration of follow-up, and specific definitions of clinical endpoints may all
contribute to the observed variations in results.

It is worth noting that the therapeutic effects of statins are influenced to some extent by genetic factors.*> For
example, HMGCR is the target of statins, and its genetic variations are associated with differences in the response to
LDL-C level reduction by statins.*> SLCO1B1 (Solute Carrier Organic Anion Transporter Family Member 1B1): this
gene encodes the OATP1BI1 transporter protein, which is primarily expressed in the liver and responsible for transporting
various statin drugs into hepatocytes.*® Therefore, the SLCO1B1 genotype may be an important factor contributing to the
variability in statin tolerance and potential efficacy in this study cohort, and its differential distribution between patients
with and without T2DM could influence the study outcomes.*” T2DM is a complex metabolic disorder with its own
genetic basis, which may influence the impact of genetic variations on the efficacy and tolerance of statins.*® Genetic
factors affecting statin response may have different impacts on lipid-lowering effects or adverse reactions in patients with
T2DM compared to those without T2DM.*® Genetic factors contribute to 35-50% of the phenotypic variation in hs-CRP
levels.*” Genetic variants in the CRP gene itself (located on chromosome 1q23.2) play a significant role in regulating hs-
CRP concentrations.*’ Specific single nucleotide polymorphisms have been consistently associated with baseline hs-CRP
concentrations.*” Therefore, the lack of association between hs-CRP and MACCEs observed in this study among T2DM
patients receiving statin therapy may be related to genetic factors, which both alter the inflammatory response in diabetes
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and modify the effect of statins on this response.*® Future research should further elucidate the complex interactions
among genetics, inflammation, statin therapy, diabetes, and cardiovascular outcomes to gain a more comprehensive
understanding of the heterogeneity in statin response among patients with diabetes, as well as to identify novel
biomarkers and therapeutic targets. Additionally, given that both residual cholesterol risk and residual inflammatory
risk significantly impact the prognosis of CHD, residual cholesterol risk (reflected by LDL-C) and residual inflammatory
risk (reflected by hs-CRP) may collectively influence the prognosis of CHD patients.>> However, our study did not
identify a significant combined effect of these two factors (Table S9), which may be related to the sample size. Future
research could further evaluate their interaction under different diabetic statuses and their potential for optimizing risk
stratification.

In recent times, anti-inflammatory treatment has taken center stage as a promising avenue for addressing cardiovas-
cular disease, particularly for patients who continue to experience elevated cardiovascular risks even when undergoing
statin therapy. Studies have shown that targeting residual inflammation may provide additional benefits for these patients.
Colchicine is a traditional alkaloid used to treat gout and other inflammatory diseases. It exerts its anti-inflammatory
effects through multiple mechanisms, including disrupting microtubule assembly, inhibiting the NLRP3 inflammasome,
reducing hs-CRP levels, suppressing platelet activity, and improving endothelial function.”* The COLCOT trial was the
first large-scale study to evaluate the role of colchicine in secondary cardiovascular prevention,’® which showed that
compared to the placebo group, patients in the colchicine group experienced a significant 23% reduction in the risk of
MACCEs after an average follow-up of 22.6 months. Similarly, the LoDoCo-2 trial found that the colchicine group
showed a 31% reduction in the risk of MACCEs among patients with stable coronary artery disease.”* These findings
suggest that colchicine represents a promising and cost-effective therapeutic option for targeting inflammation in
cardiovascular disease, particularly in secondary prevention. Low-dose colchicine (0.5-1.0 mg/day) is generally con-
sidered safe. However, common side effects include gastrointestinal discomfort. Due to its narrow therapeutic window,
caution is advised when using colchicine in patients with severe kidney or liver disease. The CANTOS study”'
demonstrated that the use of canakinumab (an anti-inflammatory monoclonal antibody targeting IL-1pB) significantly
reduced inflammation levels and markedly decreased the incidence of cardiovascular events, without affecting LDL-C
levels. These findings further suggest that inflammation control may be a crucial component of cardiovascular risk
management. In the future, combining lipid-lowering drugs with anti-inflammatory therapy may become a powerful
strategy to enhance the prevention of cardiovascular diseases.

The advantages of this research include its extensive sample size, and clearly defined study population. However,
some limitations remain. Firstly, it was a single-center study and the external generalizability and replication of the
results may be limited. The findings may not be generalizable to western populations or diverse ethnic groups. Further
validation in multi-center or international cohorts is needed. Nonetheless, it is worth mentioning that our crew has a track
record of delivering solid research using data from a single source, which has significantly boosted insights into how
cardiovascular diseases develop and are treated.’>>* Second, hs-CRP was recorded only once at admission, and changes
in hs-CRP were not recorded during the follow-up period. However, inflammation levels fluctuate over time. Future
studies should track hs-CRP longitudinally. Third, the study focused mainly on hs-CRP and did not consider other
inflammatory markers that may have prognostic value (eg, IL-6, TNF-a, etc)., which may have missed more prognostic
biomarkers. Fourth, there is a lack of objective methods to assess adherence to drugs therapy (including statin).
Adherence was evaluated based on patient self-reports and physician-recorded prescriptions during follow-up, rather
than through objective measures such as pill counts, pharmacy refill records, or serum drug levels. This approach may
introduce variability or bias, potentially underestimating the impact of non-adherence on the relationship between
residual inflammatory risk (hs-CRP) and MACCEs. Although standardized follow-up protocols and a large sample
size may have mitigated some of these effects, future studies incorporating quantitative adherence metrics (such as
medication possession ratios or biomarker-based validation) could provide a more robust assessment of these associa-
tions. Fifth, this study did not include information on the intensity of statin therapy, preventing us from stratifying
patients by statin intensity or adjusting for it as a confounding factor. Future research should obtain detailed data on statin
intensity to further clarify its role as a potential confounder in the relationship between residual inflammatory risk and
cardiovascular outcomes. Sixth, our dataset did not collect information on adjunctive anti-inflammatory treatments such
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as colchicine or PCSK9 inhibitors. Future studies should prioritize assessing their importance as potential confounding
factors. Seventh, the median follow-up period of 2.4 years is relatively short for assessing long-term MACCEs, and
future studies will require longer follow-up durations. Eighth, this study could not provide complete data on insulin usage
and the course of diabetes. The absence of these factors may have limited our comprehensive assessment of the
prognostic value heterogeneity of hs-CRP in T2DM subgroups. Future research needs to incorporate more detailed

diabetes-related variables (such as insulin usage and disease duration).’>°

Conclusion

This study suggests that in CHD patients receiving contemporary statin therapy following DES implantation, higher
levels of hs-CRP may be associated with future MACCEs in non-T2DM patients, while this association should be
cautiously considered in T2DM patients. Alternative inflammatory markers should be explored in T2DM. Hs-CRP, a key
inflammatory marker, varies significantly with diabetes status, highlighting the joint impact of hyperglycemia and
inflammation on cardiovascular risk and guiding targeted use of inflammatory biomarkers in clinical risk assessment.
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