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Abstract 

Background Diabetes mellitus (DM) and atherosclerosis are multifactorial conditions and share a common inflam-
matory basis. Three-vessel disease (TVD) represents a major challenge for coronary intervention. Nonetheless, the 
predictive value of high-sensitivity C-reactive protein (hs-CRP) for TVD patients with or without type 2 DM remains 
unknown. Herein, we aimed to ascertain the long-term predictive value of hs-CRP in TVD patients according to type 2 
DM status from a large cohort.

Methods A total of 2734 TVD patients with (n = 1040, 38%) and without (n = 1694, 62%) type 2 diabetes were strati-
fied based on the hs-CRP (< 2 mg/L vs. ≥ 2 mg/L). Three multivariable analysis models were performed to evaluate 
the effect of potential confounders on the relationship between hs-CRP level and clinical outcomes. The Concordance 
index, net reclassification improvement (NRI), and integrated discrimination improvement (IDI) were calculated to 
assess the added effect of hs-CRP and the baseline model with established risk factors on the discrimination of clinical 
outcomes. The primary endpoint was major adverse cardiac and cerebrovascular events (MACCE).

Results The median follow-up duration was 2.4 years. Multivariate Cox regression analyses showed that the inci-
dence of MACCE (adjusted hazard ratio [HR] 1.17, 95% confidence interval [CI] 1.01–1.35, p = 0.031) and all-cause 
death (HR 1.82, 95% CI 1.07–3.11, p = 0.026) were significantly higher in the diabetic group compared to the non-
diabetic group. In the diabetic group, the incidence of MACCE (adjusted HR 1.51, 95% CI 1.09–2.10, p = 0.013) was 
significantly higher in the high hs-CRP group than in the low hs-CRP group; no significant difference was found for 
all-cause death (HR 1.63; 95% CI 0.58–4.58, p = 0.349). In the non-diabetic group, the prevalence of MACCE (adjusted 
HR 0.93, 95% CI 0.71–1.22, p = 0.613) was comparable between the two groups. Finally, the NRI (0.2074, p = 0.001) and 
IDI (0.0086, p = 0.003) for MACCE were also significantly increased after hs-CRP was added to the baseline model in 
the diabetic group.

Conclusions Elevated hs-CRP is an independent prognostic factor for long-term outcomes of MACCE in TVD patients 
with type 2 diabetes but not in those without type 2 diabetes. Compared to traditional risk factors, hs-CRP improved 
the risk prediction of adverse cardiovascular events in TVD patients with type 2 diabetes.
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Background
The latest epidemiological report predicts that the global 
diabetes mellitus (DM) prevalence will rise to 10.2% 
(578  million) by 2030 and 10.9% (700  million) by 2045 
[1]. It has been established that patients with type 2 DM 
often experience a significantly greater atherosclerotic 
burden and higher risks of in-hospital and long-term 
adverse outcomes after revascularization than nondia-
betic patients [2, 3].

Complex coronary arterial disease (CAD) is more 
common in patients with diabetes. Three-vessel disease 
(TVD) has been identified in up to 30% of all patients 
referred for diagnostic angiography, representing a major 
challenge for coronary intervention [4]. Additionally, the 
risk of death associated with TVD is almost two times 
higher compared to single vessel disease, and TVD is an 
independent prediction for poor clinical outcomes [5].

Indeed, type 2 DM is considered to be a state of low-
grade inflammation [6–8]. Furthermore, current evi-
dence suggests that chronic inflammation plays an 
important role in the pathogenesis of atherosclerotic 
CAD [9]. Type 2 DM and atherosclerosis are multifacto-
rial conditions and share a common inflammatory basis. 
Furthermore, TVD patients exhibit a more prominent 
inflammatory state [5]. Recently, the presence of low-
grade inflammation has been detected using high-sen-
sitivity C-reactive protein (hs-CRP) [10]. A few studies 
have hitherto reported an association between elevated 
hs-CRP and cardiovascular events in patients with type 
2 diabetes [7, 10, 11], however, the predictive value of 
hs-CRP for TVD patients with or without type 2 diabe-
tes remains unknown. Therefore, in the present study, we 
sought to ascertain the long-term predictive value of hs-
CRP in TVD patients according to type 2 DM status from 
a large cohort in a ‘real world’ setting.

Methods
Study population
This was a retrospective cohort study. Between Janu-
ary 2013 and December 2018, a total of 13,890 patients 
underwent coronary angiography at our institute. 
Patients are admitted to hospital for coronary angiogra-
phy on the basis of the presence of symptoms, findings 
of ischemia by electrocardiogram, coronary computed 
tomography angiography, echocardiogram or other func-
tional imaging tests. Patients with TVD were divided into 
diabetic group or non-diabetic group. Based on hs-CRP 
levels at admission, each study group was divided into 
two groups: Group 1, hs-CRP < 2 mg/L, and Group 2, hs-
CRP ≥ 2 mg/L. A hs-CRP value ≥ 2 mg/L was considered 
a sign of inflammation, consistent with the current guide-
line [8]. Demographic data and procedural characteristics 
were collected from the institutional database. Follow-up 

data was obtained through the medical records, tel-
ephone contact interviews or outpatient visit. The study 
was approved by the local Institutional Review Board and 
informed consent was exempt by the committee.

Inclusion and exclusion criteria
The inclusion criteria included patients ≥ 18 years of age 
and with TVD confirmed by coronary angiology. The 
exclusion criteria included out-patients, patients with 
type 1 diabetes, unavailable data on serum hs-CRP at 
baseline, neoplastic disease, immune disease, severe liver 
diseases, or inflammatory signs suggestive of active infec-
tion (hs-CRP > 10  mg/L). Figure  1 shows the study flow 
chart.

Medical treatment and intervention procedures
Patients received medical therapy (MT) alone or revascu-
larization according to current guidelines, interventional 
cardiologists’ judgment, and patient preference. Revascu-
larization includes percutaneous coronary intervention 
(PCI) or coronary artery bypass graft surgery (CABG). 
Prior to PCI, all patients were pre-treated with loading 
doses of aspirin (300 mg) and clopidogrel (300–600 mg) 
unless they were previously medicated with these anti-
platelet agents. PCI was performed in accordance with 
current guidelines and using conventional techniques. 
During the procedure, all patients were treated with 
heparin to maintain an activated clotting time of > 250 s. 
After the drug-eluting stents (DES) procedure, clopi-
dogrel (75 mg/day) was prescribed for at least 12 months, 
and aspirin (100 mg/day) was continued indefinitely [12].

Study definitions and endpoints
Serum hs-CRP levels were measured by the high-sen-
sitivity nephelometric method (Dade Behring, Inc., 
Newark, DE, USA) at hospital admission. In this study, 
patients suspected of TVD underwent angiography to 
confirm stenosis ≥ 50% in three major coronary arteries 
(left anterior descending, left circumflex, and right coro-
nary arteries), with or without involvement in the left 
main trunk (LMT).

Stable CAD was defined symptomatic patients with 
stable angina (chest pain on exertion for > 3 months) 
and asymptomatic patients with positive functional 
tests and obstructive coronary disease (defined as diam-
eter stenosis > 50%). Acute coronary syndrome (ACS) 
includes unstable angina (UA), non-ST-elevated myo-
cardial infarction (NSTEMI) and ST-elevated myocar-
dial infarction (STEMI). NSTEMI and UA were defined 
by the presence of ST segment depression or T-wave 
abnormalities or ischemic symptoms with (NSTEMI) or 
without (UA) elevation of cardiac enzyme levels above 
the reference range. STEMI was defined by characteristic 
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symptoms of myocardial ischemia in association with 
persistent electrocardiogram ST elevation and conse-
quent release of biomarkers of myocardial necrosis [12]. 
Hypertension was defined as history of hypertension and 
the use of antihypertensive medication. Chronic kidney 
disease (CKD) was defined as an estimated glomerular 
filtration rate < 60 mL/min/1.73  m2. Severe liver disease 
was defined as transaminase levels ≥ 3 times the upper 
limit of normal. We defined diabetes mellitus as either 
hemoglobin A1c ≥ 6.5%, medication with oral hypoglyce-
mic drugs, or insulin injections [13].

The primary endpoint of interest was the compos-
ite of major adverse cardiac and cerebrovascular events 
(MACCE), defined as all-cause death, repeat revasculari-
zation, myocardial infarction (MI), stroke, and readmis-
sion for angina pectoris or heart failure. The secondary 
endpoint was all-cause death. All-cause mortality was 
defined as death for any cause. Repeat revasculariza-
tion was defined as a repeat PCI or bypass surgery. “MI” 

was defined as an increase in the concentration of cre-
atine kinase-MB fraction or troponin-T/troponin-I 
greater than the upper limit of normal with concomitant 
ischemic symptoms or electrocardiographic findings 
indicative of ischemia. Readmission for angina pecto-
ris or heart failure was defined as re-hospitalized in our 
hospital or other hospitals due to angina pectoris, acute 
heart failure or acute exacerbation of chronic heart fail-
ure [14].

Statistical analysis
Categorical variables were compared with the chi-
squared test and were expressed as percentages. Con-
tinuous variables were expressed as mean ± standard 
deviation or median (interquartile range), and were com-
pared using the Student’s t test or Mann–Whitney U test. 
Event-free survival was estimated using Kaplan-Meier 
survival curves, and compared with the log-rank test. 
Three multivariable Cox regression analysis models were 

Fig. 1 Study flow chart. Hs-CRP high-sensitivity C-reactive protein, TVD three-vessel disease
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performed to assess the effect of potential confounders 
on the relationship between hs-CRP level and clinical 
outcomes. Independent baseline variables with a P < 0.1 
in the univariate analysis and the relevant clinical impli-
cations were included in the multivariate models. Model 
1 was adjusted for age and sex; Model 2 was adjusted for 
age, sex, smoking and systolic blood pressure (SBP); and 
Model 3 was adjusted for age, sex, smoking, SBP, high-
density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), ACS and revasculariza-
tion in hospital. The receiver operating characters (ROC) 
curve analysis was performed to assess the sensitivity and 
specificity of the hs-CRP for predicting MACCEs (Fig. 2). 
Additional file 2: Figure S1 shows the comparison of the 
ROC curves of hs-CRP and lipoprotein(a) for predict-
ing MACCE. The Concordance index, net reclassifica-
tion improvement (NRI), and integrated discrimination 
improvement (IDI) were calculated to evaluate the added 
effect of hs-CRP and the baseline model with established 
traditional risk factors on the discrimination of clinical 
outcomes. Established traditional risk factors were age, 
gender, smoking, hypertension, dyslipidemia and CKD. 
NRI indicates how many patients improved the accuracy 
of predicted probability for outcomes. IDI was assessed 
to determine whether to improve the prediction model. 
P-values < 0.05 were considered statistically significant. 
Analyses were carried out using SPSS 24.0, Stata 15 and 
R 4.1.3.

Results
Characteristics of the study patients
A total of 4308 (31.0%) patients were with TVD. After 
exclusion, 1040 (38%) patients with type 2 DM and 
1694 (62%) patients without type 2 DM were eligible for 
the study. The baseline characteristics of the included 
patients are detailed in Table  1. 268 (8.7%) patients 
were treated with medication and 2496 (91.3%) patients 
underwent revascularization. Of the revascularizations, 
2420 (97%) patients underwent PCI and 76 (3%) patients 
were treated with CABG. Hs-CRP levels were higher in 
patients with ACS than in those with stable CAD [2.4 
(0.9–8.0) vs. 1.7 (0.7–4.9), p < 0.001]. Patients with type 2 
DM were predominantly female and were associated with 
higher rates of comorbidities, including hypertension, 
dyslipidemia, and CKD, history of MI and cerebrovas-
cular disease, and higher Synergy between Percutaneous 
Coronary Intervention with Taxus and Cardiac Surgery 
(SYNTAX) score but lower left ventricular ejection frac-
tions (LVEF). The prevalence of in-hospital death was 
higher in the DM group than the non-DM group.

In the diabetic group, patients with high hs-CRP had 
a significantly higher incidence of smoking, CKD, ACS, 
prior MI, prior cerebrovascular disease, LMT involve-
ment as well as lower LVEF on admission. No significant 
differences in the age, hypertension, SBP, LDL-C, in-hos-
pital death rates were found between the high and low 
hs-CRP groups.

In the non-diabetic group, patients with high hs-CRP 
were more likely to have smoking, hypertension, ACS, 
CKD, and higher concentrations of lipid profile. In addi-
tion, LVEF was higher in patients in the low hs-CRP 
group. We did not observe significant differences in dys-
lipidemia, prior MI, SBP and in-hospital death rates.

Association between hs‑CRP and outcomes
The median follow-up was 2.4 (1.1–4.1) years. The inci-
dence of clinical outcomes is shown in Fig. 3. Multivari-
ate Cox regression analyses showed that the incidence 
of MACCE (adjusted hazard ratio [HR] 1.17, 95% confi-
dence interval [CI] 1.01–1.35, p = 0.031), all-cause death 
(HR 1.82, 95% CI 1.07–3.11, p = 0.026), MI (HR 1.56, 95% 
CI 1.23–1.98, p < 0.001) and heart failure readmission 
(HR 1.49, 95% CI 1.11–1.99, p = 0.007) were significantly 
higher in the diabetic group compared to the non-dia-
betic group (Table 2) (Fig. 4).

For DM patients, compared with the low hs-CRP group, 
the high hs-CRP group was strongly related to increases 
in MACCE (HR: 1.51; 95% CI 1.09–2.10, p = 0.013) after 
adjusting for age, sex, smoking, SBP, HDL-C, LDL-C, 
ACS and revascularization in-hospital according to the 
multivariable Model 3 (Table  3) (Fig.  4). Moreover, the 

Fig. 2  A ROC curve analysis to evaluate the predictive value of 
hs-CRP for MACCE. AUC  area under the curve, Hs-CRP high-sensitivity 
C-reactive protein, MACCE major adverse cardiac and cerebrovascular 
events, ROC receiver operating curve
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Table 1 Baseline clinical, angiographic, and procedural characteristics and in-hospital outcome of all patients with and without 
diabetes before and after stratification according to hs-CRP

CKD chronic kidney disease, DBP diastolic blood pressure, DES drug-eluting stent, FBG fasting blood glucose, HbA1c glycated hemoglobin, HDL-C high-density 
lipoprotein cholesterol, Hs-CRP high-sensitivity C-reactive protein, LDL-C low-density lipoprotein cholesterol, LMT left main trunk, LVEF left ventricular ejection fraction, 
MI myocardial infarction, PAD peripheral artery disease, SBP systolic blood pressure, SYNTAX Synergy between Percutaneous Coronary Intervention with Taxus and 
Cardiac Surgery, TC total cholesterol, WBC white blood cell

Variables Total population Patients with diabetes Patients without diabetes

Diabetes Non‑
diabetes

P Hs‑CRP  
 < 2 mg/L

Hs‑CRP  
 ≥ 2 mg/L

P Hs‑CRP  
  < 2 mg/L

Hs‑CRP ≥ 2 mg/L P

(n = 1040) (n = 1694) (n = 564) (n = 476) (n = 812) (n = 882)

Age, years 65.3 ± 7.9 64.0 ± 10.4 0.001 65.3 ± 9.4 65.3 ± 10.0 0.769 63.6 ± 10.0 64.4 ± 10.7 0.052

Male 719 (69.1) 1328 (78.4)  < 0.001 401 (71.1) 318 (66.8) 0.135 643 (79.2) 687 (77.7) 0.447

Smoking 381 (36.6) 771 (45.5)  < 0.001 189 (33.5) 192 (40.3) 0.023 336 (41.4) 435 (49.3) 0.001

Hyperten-
sion

776 (74.6) 1062 (62.7)  < 0.001 425 (75.4) 351 (73.7) 0.551 478 (58.9) 584 (66.6) 0.002

Dyslipi-
demia

850 (81.7) 1318 (77.8) 0.014 456 (80.9) 394 (82.8) 0.191 617 (76.0) 701 (79.5) 0.084

CKD 116 (11.2) 144 (8.5) 0.022 42 (7.4) 74 (15.5)  < 0.001 46 (5.7) 98 (11.1)  < 0.001

Prior MI 50 (4.8) 55 (3.2) 0.039 16 (2.8) 34 (7.1) 0.001 28 (3.4) 27 (3.1) 0.653

Prior PAD 40 (3.8) 46 (2.7) 0.100 19 (3.4) 21 (4.4) 0.384 18 (2.2) 28 (3.2) 0.226

Prior cer-
ebrovascu-
lar disease

157 (14.1) 199 (11.7) 0.012 66 (11.7) 80 (16.8) 0.018 93 (11.5) 84 (9.5) 0.195

SBP, mm Hg 139 ± 22 137 ± 23 0.006 139 ± 21 139 ± 23 0.943 138 ± 21 137 ± 24 0.369

DBP, mm Hg 80 ± 23 81 ± 13 0.005 79 ± 10 80 ± 32 0.707 81 ± 13 80 ± 14 0.282

Hs-CRP, 
mg/L

2.1 (0.7–5.9) 1.8 (0.8–5.6) 0.116 0.8 (0.5–1.4) 2.3 (0.8–5.9)  < 0.001 0.8 (0.5–1.2) 1.9 (0.7–5.1)  < 0.001

WBC,  109/L 7.78 ± 2.83 7.71 ± 2.57 0.849 7.41 ± 2.73 8.21 ± 2.90  < 0.001 7.33 ± 2.42 8.06 ± 2.66  < 0.001

FBG, 
mmol/L

10.3 ± 5.0 6.0 ± 2.0  < 0.001 9.5 ± 4.8 11.3 ± 5.1  < 0.001 5.8 ± 1.7 6.3 ± 2.3  < 0.001

HbA1c, % 8.5 ± 1.7 6.2 ± 1.2 0.007 8.3 ± 1.6 8.6 ± 1.8 0.042 6.2 ± 1.3 6.2 ± 1.2 0.315

TC, mmol/L 4.86 ± 1.18 5.04 ± 1.25 0.031 4.81 ± 1.13 4.94 ± 1.25 0.392 4.84 ± 1.22 5.27 ± 1.25  < 0.001

Triglyceride, 
mmol/L

2.13 ± 1.51 1.76 ± 1.15  < 0.001 2.05 ± 1.18 2.26 ± 1.92 0.773 1.62 ± 1.04 1.93 ± 1.25  < 0.001

HDL-C, 
mmol/L

1.23 ± 0.31 1.24 ± 0.31 0.787 1.21 ± 0.30 1.26 ± 0.33 0.132 1.21 ± 0.30 1.27 ± 0.31 0.017

LDL-C, 
mmol/L

2.85 ± 0.79 3.00 ± 0.89 0.011 2.82 ± 0.74 2.89 ± 0.87 0.716 2.87 ± 0.88 3.15 ± 0.88  < 0.001

Creatinine 
clearance, 
mL/min

94 ± 29 89 ± 23  < 0.001 96 ± 27 91 ± 30 0.021 91 ± 21 88 ± 25 0.032

LVEF, % 52.7 ± 9.2 54.2 ± 7.9  < 0.001 53.4 ± 8.8 51.8 ± 9.6  < 0.001 55.0 ± 7.2 53.4 ± 8.5  < 0.001

Acute 
coronary 
syndrome

364 (35.0) 604 (35.7) 0.728 182 (32.3) 182 (38.2) 0.044 247 (30.4) 357 (40.5)  < 0.001

Revascu-
larization in 
hospital

937 (90.1) 1559 (92.0) 0.082 509 (90.2) 428 (89.9) 0.858 755 (93.0) 804 (91.1) 0.166

LMT 
involvement

159 (15.3) 218 (12.9) 0.075 98 (17.4) 61 (12.8) 0.042 105 (12.9) 113 (12.8) 0.942

SYNTAX 
score

26.1 ± 9.8 24.7 ± 9.6 0.013 25.9 ± 9.9 26.2 ± 10.1 0.614 24.5 ± 9.8 24.9 ± 9.9 0.257

DES used 821 (78.9) 1423 (84.0) 0.001 450 (79.8) 371 (77.9) 0.467 702 (86.5) 721 (81.7) 0.008

In-hospital 
death

14 (1.3) 5 (0.3) 0.001 5 (0.9) 9 (1.9) 0.161 2 (0.2) 3 (0.3) 0.722
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Fig. 3 Clinical outcomes of all patients with and without diabetes before (A) and after stratification according to hs-CRP levels (B and 
C). *P < 0.05. **P < 0.01. ***P < 0.001. Hs-CRP high-sensitivity C-reactive protein, MACCE major adverse cardiac and cerebrovascular events, NS no 
significance
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association between MACCE and hs-CRP remained sig-
nificant in Model 1 and Model 2. However, no signifi-
cant differences were found for all-cause death (HR 1.63; 
95% CI 0.58–4.58, p = 0.349), angina pectoris readmis-
sion (HR 1.32; 95% CI 0.81–2.14, p = 0.262), heart failure 
readmission (HR 1.27; 95% CI 0.69–2.34, p = 0.438) and 
stroke (HR 0.87; 95% CI 0.08–9.22, p = 0.910) except for 
MI (HR 2.33; 95% CI 1.34–4.05, p = 0.002) and repeat 
revascularization (HR 1.71; 95% CI 1.13–2.60, p = 0.011) 
in Model 3 (Additional file 1: Table S1).

In non-DM patients, the difference of MACCE (HR 
0.93, 95% CI 0.71–1.22, p = 0.613) rate was not observed 
between the high and low hs-CRP groups in the multi-
variable Models 1, 2 or 3 (Table 3) (Fig. 4). Notably, the 
prevalence of other clinical outcomes, including repeat 
revascularizations, angina pectoris readmissions, heart 
failure readmissions, and nonfatal strokes, were not sig-
nificantly different between the two groups in all multi-
variable Models, except for all-cause death in Model 3 
(Additional file1: Table S1).

Adding hs‑CRP to the baseline model for the prediction 
of outcomes
In the diabetic group, regarding discrimination, MACCE 
(p = 0.008) reached statistical significance in the C-index 
when combining hs-CRP with traditional risk factors, 
while all-cause death (p = 0.510), repeat revascularization 
(p = 0.102) angina pectoris readmission (p = 0.091), heart 
failure readmission (p = 0.245) and stroke (p = 0.152) 
showed a nonsignificant change, except for MI (p = 0.04) 
(Table 4) (Additional file 1: Table S2). The addition of hs-
CRP to the baseline model also significantly increased 
the NRI (0.2074, p = 0.001) and IDI (0.0086, p = 0.003) of 
MACCE.

In the non-diabetic group, the C-index for MACCE 
(p = 0.018) was greater in the baseline model with hs-
CRP compared with the traditional risk factors. However, 

the NRI (0.0988, p = 0.062) for MACCE was not signifi-
cantly increased after hs-CRP was added to the tradi-
tional risk factors (Table 4). The C-index, NRI and IDI for 
all-cause death, MI, repeat revascularization, angina pec-
toris readmission, heart failure readmission and stroke 
are listed in Additional file 1:Table S2.

Discussion
The present study demonstrated that elevated hs-CRP 
was associated with MACCE in type 2 diabetic patients 
but not in non-DM patients with TVD. To the best of our 
knowledge, this study is the first to specifically investigate 
the role of hs-CRP in predicting long-term clinical out-
comes in a large cohort of TVD patients with and with-
out type 2 diabetes.

Among CAD patients, those with TVD were most 
susceptible to cardiovascular adverse events. It is widely 
acknowledged that TVD is characterized by a persistent 
low-grade inflammatory state [5]. Furthermore, patients 
with TVD exhibit a more prominent inflammatory state 
compared to single vessel disease [15]. Current evidence 
suggests that inflammation plays a key role in all phases 
of coronary atherothrombosis, including plaque progres-
sion, rupture, and thrombosis causing acute MI. Possible 
mechanisms of low-grade inflammation-induced ath-
erosclerosis include accelerated foam cell formation and 
local LDL-C uptake in the arterial wall [16].

CRP is synthesized and secreted in the liver 6 h after an 
acute inflammatory stimulus [17]. CRP is positively asso-
ciated with the metabolic syndrome and may be an inde-
pendent risk factor in patients with CAD. It is thought 
that CRP inhibits endothelial nitric oxide production and 
promotes the recruitment of monocytes into atheroma-
tous plaques by increasing the expression of endothelial 
cell adhesion molecules, and leading to plaque instability 
[18, 19].

Table 2 Clinical outcomes of all patients with TVD stratified according to diabetes mellitus

*Covariates were adjusted for age, sex, smoking, hypertension, dyslipidemia, chronic kidney disease, prior myocardial infarction, left ventricular ejection fraction, ACS 
and revascularization in hospital

ACS acute coronary syndrome, CI confidence interval(s), HR hazard ratio, MACCE major adverse cardiac and cerebrovascular events, TVD three-vessel disease

Diabetes (n = 1040) Non‑diabetes 
(n = 1694)

Adjusted HR (95% CI)* P

All-cause death 42 (4.0) 29 (1.7) 1.82 (1.07–3.11) 0.026

Myocardial infarction 156 (15.0) 156 (9.2) 1.56 (1.23–1.98)  < 0.001

Repeat revascularization 233 (22.4) 350 (20.7) 1.10 (0.92–1.31) 0.265

Angina pectoris readmission 159 (15.3) 271 (16.0) 0.99 (0.81–1.23) 0.998

Heart failure readmission 114 (11.0) 104 (6.1) 1.49 (1.11–1.99) 0.007

Stroke 14 (1.3) 28 (1.7) 0.67 (0.33–1.37) 0.279

MACCE 361 (34.7) 492 (29.0) 1.17 (1.01–1.35) 0.031
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An increasing body of evidence suggests that hs-CRP 
levels above 2  mg/L indicate residual inflammatory risk 
[11, 20, 21]. Interestingly, an association between higher 
plasma levels of hs-CRP and cardiovascular events has 
been documented in patients with type 2 diabetes [22–
24]. Indeed, among patients with non-diabetes, high 
CRP is associated with the development of type 2 dia-
betes [25]. A prior study demonstrated that CRP was 
related to mortality in DM and non-DM patients with 

acute MI [26]. However, previous studies on the associa-
tion between hs-CRP and long-term outcomes in TVD 
patients with type 2 diabetes are scanty, and the prog-
nostic value of hs-CRP in this patient population remains 
unknown.

In this study, we substantiated that elevated hs-CRP 
had a prognostic value for MACCE in DM patients 
but not in non-DM patients with TVD. Three multi-
variable analysis models were performed to elevate 

Fig. 4 Kaplan-Meier curves for MACCE and all-cause death during follow-up for patients in each subgroup. A and B: Kaplan-Meier curves for 
MACCE (A) and all-cause death (B) during follow-up for all patients according to diabetes; C and D: Kaplan-Meier curves for MACCE (C) and all-cause 
death (D) during follow-up for patients with diabetes according to hs-CRP levels; Figure E and F: Kaplan-Meier curves for MACCE (E) and all-cause 
death (F) during follow-up for patients without diabetes according to hs-CRP levels; Hs-CRP high-sensitivity C-reactive protein, MACCE major adverse 
cardiac and cerebrovascular events
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the independent effects of the hs-CRP and clinical 
outcomes of TVD patients with or without type 2 dia-
betes after adjusting for other potential confounders. 
The association remained significant in TVD patients 
with type 2 diabetes even after adjustment for other 
independent variables. The addition of hs-CRP to the 

established risk model improved the predictive power 
(C-index) for adverse cardiovascular events in diabetic 
patients. Additionally, it enabled stratification into dif-
ferent risk categories based on the NRI and IDI. Taken 
together, our findings suggest the inflammatory status 
revealed by hs-CRP is a valid parameter for predicting 

Table 3 Association between hs-CRP and endpoints in TVD patients with and without diabetes

a Model 1: covariates were adjusted for age and sex
b Model 2: covariates were adjusted for age, sex, smoking and SBP
c Model 3: covariates were adjusted for age, sex, smoking, SBP, HDL-C, LDL-C, ACS and revascularization in hospital

ACS acute coronary syndrome, CI confidence interval(s), HDL-C high-density lipoprotein cholesterol, HR hazard ratio, Hs-CRP high-sensitivity C-reactive protein, LDL-C 
low-density lipoprotein cholesterol, MACCE major adverse cardiac and cerebrovascular events, PCI percutaneous coronary intervention, SBP systolic blood pressure, 
TVD three-vessel disease

Patients with diabetes Events (n%) Model  1a Model  2b Model  3c

HR (95% CI) P HR (95% CI) P HR (95% CI) P

All-cause death

 Hs-CRP < 2 mg/L 24 (4.3) Reference Reference Reference

 Hs-CRP ≥ 2 mg/L 18 (3.8) 0.99 (0.54–1.84) 0.997 1.03 (0.55–1.92) 0.924 1.63 (0.58–4.58) 0.349

MACCE

 Hs-CRP < 2 mg/L 183 (32.4) Reference Reference Reference

 Hs-CRP ≥ 2 mg/L 178 (37.4) 1.34 (1.09–1.65) 0.005 1.29 (1.05–1.60) 0.015 1.51 (1.09–2.10) 0.013

Patients without diabetes Events (n%) Model  1a Model  2b Model  3c

HR (95% CI) P HR (95% CI) P HR (95% CI) P

All-cause death

 Hs-CRP < 2 mg/L 14 (1.7) Reference Reference Reference

 Hs-CRP ≥ 2 mg/L 15 (1.7) 0.89 (0.42–1.85) 0.757 0.82 (0.38–1.74) 0.606 0.22 (0.05–0.93) 0.039

MACCE

 Hs-CRP < 2 mg/L 219 (27.0) Reference Reference Reference

 Hs-CRP ≥ 2 mg/L 273 (31.0) 1.14 (0.95–1.36) 0.145 1.15 (0.96–1.38) 0.116 0.93 (0.71–1.22) 0.613

Table 4 Evaluation of predictive models for endpoints using the C-index, NRI and IDI

Traditional risk factors included age, gender, smoking, hypertension, hyperlipidemia and chronic kidney disease

C-index concordance index, CI confidence interval, HR hazard ratio, Hs-CRP high-sensitivity C-reactive protein, IDI integrated discrimination improvement, NRI net 
reclassification improvement, MACCE major adverse cardiac and cerebrovascular events

Patients with diabetes C‑index (95% CI) P NRI (95% CI) P IDI (95% CI) P

All-cause death

 Traditional risk factors 0.68 (0.60–0.77) Reference Reference – Reference –

 Traditional risk factors + hs-CRP 0.70 (0.61–0.79) 0.510 0.1314 (−0.1648–0.4276) 0.384 6e-04 (−0.0011–0.0022) 0.504

MACCE

 Traditional risk factors 0.53 (0.50–0.57) Reference Reference – Reference –

 Traditional risk factors + hs-CRP 0.59 (0.56–0.63) 0.008 0.2074 (0.0804–0.3344) 0.001 0.0086 (0.003–0.0142) 0.003

Patients without diabetes C‑index (95% CI) P NRI (95% CI) P IDI (95% CI) P

All-cause death

 Traditional risk factors 0.74 (0.64–0.84) Reference Reference – Reference –

 Traditional risk factors + hs-CRP 0.76 (0.65–0.86) 0.287 0.0883 (−0.2087–0.3853) 0.560 0.0054 (−0.0026–0.0133) 0.185

MACCE

 Traditional risk factors 0.52 (0.49–0.55) Reference Reference – Reference –

 Traditional risk factors + hs-CRP 0.56 (0.53–0.59) 0.018 0.0988 (−0.0052–0.2027) 0.062 0.0031 (2e-04–0.006) 0.036
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MACCE in patients with TVD with diabetes. To the 
best of our knowledge, this is the first study to reveal 
the good predictive value of hs-CRP for MACCEs in 
TVD patients with type 2 diabetes.

Regarding the relationship between inflammation and 
clinical outcomes, hs-CRP was associated with differ-
ent outcomes in DM and non-DM patients in our study, 
which may be attributed to DM being a multifacto-
rial metabolic disease characterized by a state of sub-
clinical inflammation [6, 27]. Moreover, DM is more 
frequently associated with some degree of chronic 
inflammation, which is reflected by chronically high 
levels of hs-CRP. Overall, both type 2 diabetes and ath-
erosclerosis are multifactorial diseases and may have 
a common inflammatory basis [28]. Elevated hs-CRP 
may promote insulin resistance through the production 
of proinflammatory cytokines such as interleukin-1β, 
interacting with adipose tissue-specific macrophages 
and activation of innate immune system [25]. Notably, 
older patients, hypertension, dyslipidemia, CKD, lower 
LVEF and higher SYNTAX score were less common 
in the non-diabetic group. That means patients with 
non-diabetes exhibited fewer risk factors and chronic 
inflammation compared to those with diabetes, and 
together, therefore, these factors may reduce the impact 
of hs-CRP on clinical outcomes.

Aspirin and statins have been documented to indi-
rectly decrease thrombosis, hs-CRP and inflammation, 
accounting for their use clinically to reduce cardiovas-
cular events [29, 30]. In the recent CANTOS study, 
anti-inflammatory therapy with canakinumab targeting 
the interleukin-1β innate immunity pathway could sig-
nificantly reduce plasma levels of hs-CRP and the risk of 
recurrent cardiovascular events in patients with previous 
MI and hs-CRP level > 2  mg/L, without interfering with 
lipid levels [31]. Interestingly, a post hoc analysis showed 
that among approximately 4,000 patients with normal-
ized hs-CRP levels after the first dose, canakinumab 
resulted in a much larger reduction of events, including 
a 30% reduction in overall mortality [32]. The above find-
ings suggest that hs-CRP-lowering treatment has huge 
prospects as an innovative approach to treating CAD 
patients.

The effectiveness of anti-inflammatory drugs given 
prior to PCI remains controversial. Our study has dem-
onstrated that inflammatory states predispose to poor 
outcomes in type 2 diabetic patients with TVD, suggest-
ing that targeting hs-CRP may also have a role in second-
ary prevention in those high-risk patients. Nevertheless, 
the question of whether hs-CRP can be used as a target 
marker for statin therapy remains controversial. Further 
basic experiments and clinical trials are necessary to clar-
ify the potential of hs-CRP.

Study limitations
This study has several limitations. First, this study is 
limited by its observational nature. There is heteroge-
neity in the study population and it may affect clinical 
outcomes. Second, although hs-CRP is a nonspecific 
biomarker linked with multiple clinical conditions, 
multivariable Cox regression analysis models per-
formed in the present study confirmed the constant 
association between hs-CRP and MACCE. Third, we 
recorded hs-CRP only once on admission and did not 
record changes in hs-CRP during follow-up. Fourth, 
the predictive value of hs-CRP for patients with sin-
gle vessel disease or two vessel disease was not evalu-
ated. Nevertheless, the results of our large cohort study 
indicate that hs-CRP could be a useful biomarker for 
predicting the risk of adverse cardiovascular events in 
TVD patients with type 2 diabetes.

Conclusions
Elevated hs-CRP was associated with an increased risk of 
MACCE in type 2 diabetic patients with TVD but not in 
non-type 2 DM patients with TVD. Compared to tradi-
tional risk factors, hs-CRP improved the risk prediction 
of adverse cardiovascular events in TVD patients with 
type 2 diabetes. Nonetheless, well-designed and rand-
omized controlled trials are warranted to verify the rela-
tionship between hs-CRP and cardiovascular outcomes 
in this patient population.

Abbreviations
CAD  Coronary artery disease
DM  Diabetes mellitus
Hs-CRP  High-sensitivity C-reactive protein
IDI  Integrated discrimination improvement
MACCE  Major adverse cardiac and cerebrovascular events
MI  Myocardial infarction
NRI  Net reclassification improvement
PCI  Percutaneous coronary intervention
TVD  three-vessel disease

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12933- 023- 01830-7.

Additional file 1: Table S1. Association between hs-CRP and adverse 
events in TVD patients with and without diabetes. Table S2. Evaluation of 
predictive models for adverse events using the C-index, NRI and IDI.

Additional file 2:  Figure S1. Comparison of the ROC curves of hs-CRP 
and lipoprotein(a) for predicting MACCE. AUC  area under the curve, Hs-
CRP high-sensitivity C-reactive protein, Lp(a) lipoprotein(a), MACCE major 
adverse cardiac and cerebrovascular events, ROC receiver operating curve.

Acknowledgements
We are grateful to all participants of the study and the interventional cardiolo-
gists and surgeons from the First Affiliated Hospital of Dalian Medical Univer-
sity for their invaluable assistance.

https://doi.org/10.1186/s12933-023-01830-7
https://doi.org/10.1186/s12933-023-01830-7


Page 11 of 12Guo et al. Cardiovascular Diabetology           (2023) 22:91  

Author contributions
LG designed and supervised the study and draft the manuscript. HCL, JJW, 
YFZ and BZ helped to draft the manuscript. LG, XYZ, HZ and XCZ collected the 
data and conducted statistical analysis. HCL, JJW, BZ, YFZ, HZ and XCZ con-
tributed to discussion and reviewed the manuscript. YLX contributed to the 
conception and design of the work, interpretation of the data and critically 
revised the manuscript. All authors read and approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (82170252), Dalian Medical Science Research Project (2112002) and 
Dalian Youth Science and Technology Star Support program (2021RQ006).

Availability of data and materials
The datasets generated and analyzed for this current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The present study was approved by the First Affiliated Hospital of Dalian Medi-
cal University. Informed consent was exempt by the committee.

Consent for publication
All authors consent this manuscript for publication.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Cardiology, the First Affiliated Hospital of Dalian Medical 
University, Dalian, People’s Republic of China. 2 Department of Cardiology, 
Shengjing Hospital of China Medical University, Shenyang, People’s Republic 
of China. 3 Department of Radiology, Fuyang Hospital of Anhui Medical Univer-
sity, Fuyang, People’s Republic of China. 

Received: 8 March 2023   Accepted: 8 April 2023

References
 1. Saeedi P, Petersohn I, Salpea P, et al. Global and regional diabetes preva-

lence estimates for 2019 and projections for 2030 and 2045: results from 
the International Diabetes Federation Diabetes Atlas, 9(th) edition. Diabe-
tes Res Clin Pract. 2019. https:// doi. org/ 10. 1016/j. diabr es. 2019. 107843.

 2. Guo L, Wang J, Ding H, et al. Long-term outcomes of medical therapy 
versus successful recanalisation for coronary chronic total occlusions in 
patients with and without type 2 diabetes mellitus. Cardiovasc Diabetol. 
2020;19:100.

 3. Luscher TF, Creager MA, Beckman JA, Cosentino F. Diabetes and vascular 
disease: pathophysiology, clinical consequences, and medical therapy: 
part II. Circulation. 2003;108:1655–61.

 4. Thuijs DJFM, Kappetein AP, Serruys PW, et al. Percutaneous coronary 
intervention versus coronary artery bypass grafting in patients with 
three-vessel or left main coronary artery disease: 10-year follow-up 
of the multicentre randomised controlled SYNTAX trial. The Lancet. 
2019;394:1325–34.

 5. Zhao J, Lv H, Yin D, et al. Systemic immune-inflammation index predicts 
long-term outcomes in patients with three-vessel coronary disease after 
revascularization: results from a large cohort of 3561 patients. J Inflamm 
Res. 2022;15:5283–92.

 6. Pitsavos C, Tampourlou M, Panagiotakos DB, et al. Association between 
low-grade systemic inflammation and type 2 diabetes mellitus among 
men and women from the ATTICA Study. Rev Diabet Stud. 2007;4:98–104.

 7. Lucci C, Cosentino N, Genovese S, et al. Prognostic impact of admission 
high-sensitivity C-reactive protein in acute myocardial infarction patients 
with and without diabetes mellitus. Cardiovasc Diabetol. 2020;19:183.

 8. Odegaard AO, Jacobs DR Jr, Sanchez OA, Goff DC Jr, Reiner AP, Gross MD. 
Oxidative stress, inflammation, endothelial dysfunction and incidence of 
type 2 diabetes. Cardiovasc Diabetol. 2016;15:51.

 9. Wolf D, Ley K. Immunity and inflammation in atherosclerosis. Circ Res. 
2019;124:315–27.

 10. Shitara J, Ogita M, Wada H, et al. Clinical impact of high-sensitivity 
C-reactive protein during follow-up on long-term adverse clinical out-
comes in patients with coronary artery disease treated with percutane-
ous coronary intervention. J Cardiol. 2019;73:45–50.

 11. Świątkiewicz I, Magielski P, Kubica J. C-Reactive protein as a risk marker 
for post-infarct heart failure over a multi-year period. Int J Mol Sci. 
2021;22:3169.

 12. Neumann FJ, Sousa-Uva M, Ahlsson A, et al. 2018 ESC/EACTS guidelines 
on myocardial revascularization. Eur Heart J. 2019;40:87–165.

 13. Association AD. Standards of medical care in diabetes-2016: summary of 
revisions. Diabetes Care. 2016;39(Suppl 1):4–5.

 14. Cutlip DE, Windecker S, Mehran R, et al. Clinical end points in coronary 
stent trials: a case for standardized definitions: a case for standardized 
definitions. Circulation. 2007;115:2344–51.

 15. Zhao X, Jiang L, Xu L, et al. Predictive value of in-hospital white blood cell 
count in chinese patients with triple-vessel coronary disease. Eur J Prev 
Cardiol. 2019;26:872–82.

 16. Zwaka TP, Hombach V, Torzewski J. C-reactive protein-mediated low den-
sity lipoprotein uptake by macrophages: implications for atherosclerosis. 
Circulation. 2001;103:1194–7.

 17. Wada H, Dohi T, Miyauchi K, et al. Preprocedural high-sensitivity C-Reac-
tive protein predicts long-term outcome of percutaneous coronary 
intervention. Circ J. 2016;81:90–5.

 18. Fichtlscherer S, Rosenberger G, Walter DH, Breuer S, Dimmeler S, 
Zeiher AM. Elevated C-reactive protein levels and impaired endothe-
lial vasoreactivity in patients with coronary artery disease. Circulation. 
2000;102:1000–6.

 19. Devaraj S, Xu DY, Jialal I. C-reactive protein increases plasminogen activa-
tor inhibitor-1 expression and activity in human aortic endothelial cells: 
implications for the metabolic syndrome and atherothrombosis. Circula-
tion. 2003;107:398–404.

 20. Kalkman DN, Aquino M, Claessen BE, et al. Residual inflammatory risk and 
the impact on clinical outcomes in patients after percutaneous coronary 
interventions. Eur Heart J. 2018;39:4101–08.

 21. Oemrawsingh RM, Cheng JM, Akkerhuis KM, et al. High-sensitivity C-reac-
tive protein predicts 10-year cardiovascular outcome after percutaneous 
coronary intervention. EuroIntervention. 2016;12:345–51.

 22. Ortolani P, Marzocchi A, Marrozzini C, et al. Predictive value of high 
sensitivity C-reactive protein in patients with ST-elevation myocardial 
infarction treated with percutaneous coronary intervention. Eur Heart J. 
2008;29:1241–9.

 23. Sharif S, Van der Graaf Y, Cramer MJ, et al. Low-grade inflammation as a 
risk factor for cardiovascular events and all-cause mortality in patients 
with type 2 diabetes. Cardiovasc Diabetol. 2021;20:220.

 24. Soinio M, Marniemi J, Laakso M, Lehto S, Rönnemaa T. High-sensitivity 
C-reactive protein and coronary heart disease mortality in patients with 
type 2 diabetes: a 7-year follow-up study. Diabetes Care. 2006;29:329–33.

 25. Yan Y, Li S, Liu Y, et al. Temporal relationship between inflammation and 
insulin resistance and their joint effect on hyperglycemia: the Bogalusa 
heart study. Cardiovasc Diabetol. 2019;18:109.

 26. Xia M, Zhang C, Gu J, et al. Impact of C-reactive protein on long-term 
mortality in acute myocardial infarction patients with diabetes and those 
without. Clin Chim Acta. 2018;480:220–24.

 27. Cho DH, Joo HJ, Kim MN, Lim DS, Shim WJ, Park SM. Association between 
epicardial adipose tissue, high-sensitivity C-reactive protein and 
myocardial dysfunction in middle-aged men with suspected metabolic 
syndrome. Cardiovasc Diabetol. 2018;17:95.

 28. Pradhan AD, Ridker PM. Do atherosclerosis and type 2 diabetes share a 
common inflammatory basis? Eur Heart J. 2002;23:831–4.

 29. Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflamma-
tion, aspirin, and the risk of cardiovascular disease in apparently healthy 
men. N Engl J Med. 1997;336:973–9.

 30. Ridker PM, Danielson E, Fonseca FA, et al. Reduction in C-reactive 
protein and LDL cholesterol and cardiovascular event rates after initia-
tion of rosuvastatin: a prospective study of the JUPITER trial. Lancet. 
2009;373:1175–82.

https://doi.org/10.1016/j.diabres.2019.107843


Page 12 of 12Guo et al. Cardiovascular Diabetology           (2023) 22:91 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 31. Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory therapy 
with Canakinumab for atherosclerotic disease. N Engl J Med. 
2017;377:1119–31.

 32. Ridker PM, MacFadyen JG, Everett BM, Libby P, Thuren T, Glynn RJ. 
Relationship of C-reactive protein reduction to cardiovascular event 
reduction following treatment with canakinumab: a secondary analysis 
from the CANTOS randomised controlled trial. Lancet. 2018;391:319–28.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Predictive value of high sensitivity C-reactive protein in three-vessel disease patients with and without type 2 diabetes
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Inclusion and exclusion criteria
	Medical treatment and intervention procedures
	Study definitions and endpoints
	Statistical analysis

	Results
	Characteristics of the study patients
	Association between hs-CRP and outcomes
	Adding hs-CRP to the baseline model for the prediction of outcomes

	Discussion
	Study limitations

	Conclusions
	Anchor 21
	Acknowledgements
	References


